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Planets, 143; De Vico's Comet of Short Period, 212; the

Third Comet of 1759, 267 ; the First Comet of 1S77, 39S
;

a New Comet, 442, 504 ; the New Comet (1S77, IV.), 460;
the Present Comets, 522

Commensals, Fish, of Medusce, Prof. Theo. Gill, 362
Compass Adjustment on the Clyde, 132
Complementary Colours, J. J. Murphy, 20S
Complex Inorganic Acids, 254
Comstock (Prof. Theodore B.), his " Summer School, 92
Coniferx, Chlorophyll in, 71
Conjugation, Reproduction by, A. W. Bennett, 340 ; Rev.

George Henslow, 397
Consumption, Influence of Climate on Pulmonary, by Dr. C. T.

Williams, 59
Contagious Diseases : the Glandular Origin of, Dr. B. W.

Richardson, F.R.S., 480; Origin of, 547
Copper ; in the Blood, 30 ; Action of Various Fatty Oils Upon,
W. H. Watson, 377

Corals, Pala'ozoic, Charles Wachsmuth on, 515
Cornish (Thos. ), Blue and Yellow Crocuses, 227
Cornwall : Carboniferous Coast-Line of North, 379 ; the

"Great Flat Lode" south of Redruth and Camborne, 3S1
;

Tin Mines of, 38

1

Costa Rica, Ornithology of, 446, 521
Cotopaxi, Eruption of the Volcano, 297, 335
Crag Fossils in the Ipswich Museum, 351
Crespigny (Dr. E. Ch.), " New London Flora," 338
Creswell Crags, the Bone-caves of, 19
Cretaceous Flora of America, J. S. Newberry, 264 ; J. Starkie

Gardner, 285
Crocodile at the Royal College of Surgeons, 48S
Crocuses, Blue and Yellow, 8, 43, 84, 163, 227
Crompton (Dr. Samuel), the Portrait of Tycho Brahe, 501
Cronicon Cientifico Popular, Huelin's, 418
Crookes (William, F.R.S.), the Otheoscope, 12 ; Rainbow

Reflected from Water, 329
Crow Blackbirds of Florida, 399
Crowther (Dr.), a Tasmanian Carnivorous Plant, 31
Crowther (Bishop), Notes on the Niger Country, 131
Cryptogamy; Cryptogamic Society of Scotland, 428 ;

" Crypto-
gamic Flora of Silesia," 543

Crystalline Lens and Periicopism, 151
Crystallisation under Galvanic Currents, 71

" Cultivated Plants," F. W. Burbidge, 60
Cumberland Literary and .Scientific Association, 53
Curious Phenomenon during a Gale, 551
Cyclones and Sunspots in Mauritius, 375
Cygnus the New Star in, J. Norman Lockyer, F.R.S., 413

Daguerrc and the Discovery of Photography, 5°'
Dallinger (Rev. W. II., F.R.S.), Spontaneous Generation, 24 ;

and Dr. J. Drysdale, the Development of the Ovum, 17S,

203 ; on the Life History of the Simplest Organisms, 40S
D'All.ertis (Signor), Exploration of New Guinea, 296
D'Angos' Comet of 17S4, 102, 124, 398
Daphniada;, the, 504
Darbishire (R. D. ) Japanese Mirrors, 142
Darby (A. M.), Purple Verbenas, 163
D'Arrest's Comet, 102, 234, 256
Darwin (Charles, F. R.S.), Contractile Filaments of Teasel, 339
Darwin (Francis), Nectar-Sccrcting Glands, 100

Davyum, the New Metal, 236, 255
Uawkins (Prof. Boyd, F. R.S.), Museum Reform, 78 ; the Value

of Natural History Museums, 98 ; the Organisation of Natural
History Museums, 137

Dawson (J. W. ), Fossil Floras and Glacial Periods, 67
Decennial Period of Magnetic Variations, and of ,Sun-sp )t

Frequency, Dr. J. Allan Broun, F. R.S., 62
De Cosson (E. A.), the Cradle of the Blue Nile, 226
Deep-Sea Dredging, Prof. Agassiz on, 149
Deep-Sea Expedition, the Norwegian, no
Deep Well Borings, 53
De la Rue (Dr. Warren, F.R.S.), " Centigrade Tables," 93
Delille (M.), the Professor of Legerdemain, his Death, 217
Denning (W. F.), New Meteor Radiant, 102 ; the July Shootini;

Stars, 2S6 ; Radiant Centre of the Perseids, 362 ; Meteors, 550
Deutsche geologische Gesellschatt, Annual Meeting at Vienna,

529
De Vico's Comet of Short Period, 212
Dewalque (Prof. G. ), the Devonian Sj'Stem in England and

Belgium, 379
Devonian System in England and Belgium, Prof. G. Dewalque,

379
Deyrolle (M.), New Process in Photography, 353
Diapason Normal, the French, and Kimig's Tuning Forks,

Alex. J. Ellis, 85
Dictionary, Latham's English, 3
" Differentials of Functions," Rice and Johnson, 21

"Differential and Integral Calculus," Buckingham's, 21

Digala, Excavations near, 92
Dipsaciis, the Contractile !• ilaments of, Prof. Cohn and Chirles

Darwin, F.R.S., 339
Disease : Prof. Tyndall on tlie Spread ot, 9 ; the Glandular Origin

of Contagious, Dr. B. W. Richardson, F.R.S, 4S0
"Dismal Swamp," the, 556
Dixon's Geology of Sussex, New Edition of, 91
Dohrn's (Dr.), Zoological .Station at Naples, 91
Dombosk (Mathieu de), Statue to, at Nancy, 197
Domestic Economy, Congress on, at Birmingham, 151, 216, 236
Donisthorpe (Wordsworth), Atmospheric Currents, S3
Dorpat, Report of the University of, '133

Double Stars : M. Klammarion's Investigation of, 15 ; Double
.Star Measurements at Cincinnati, 29 ; Revolving, 70 ; 72
Ophiuchi, 194

Dove (P. A.), Weisbach's "Mechanics of Engineering," Si

Downes (Dr. Arthur) and T. P. Blunt, the Influence of Light
upon the Development of Bacteria, 21S

Draper (Prof Henry, M. D.), Discovery of Oxygen in the Sun
by Photography, and a New Theory of the Solar Spectrum
(With a riwtosraph), 364

Dream Phenomenon, Strange, 329, 397
Dredging, Deep-sea, Prof. Agassiz on, 149
Dredging Excursion to Arran, 466
Dresden Naturalists' Society, "Isis," 514
Dresser's " Birds of Europe," 297
Dreyer (J. L.), Early Observations of the Solar Corona, 549
Drops, A. M. Worthington, 165
Drosera: A. Batalin on, 359; Wright Wilson, 361
Droughts and Famines in .Southern India, 14
Drysdale (Dr. J.) and Rev. W. H. Dallinger, the Development

of the Ovum, 17S, 203
Dublin Royal Society, 135
Duhring (Dr.), Expulsion from the University of Berlin, 259
Durham (Jas. ), Hog-Wallows aijd Prairie Mounds, 24
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1 mrham University Intelligence, 1 14
I last, Makt's Incidents in the Biography of, 139
1 'ler (Prof. Thiselton), Greening of Oysters, 397ji
I MLimometer, Mr. Froude's New, 272

] irJley-Wilmot (Maj.-Gen., F.R.S.), death of, 529
iarth : Life-History of the. Prof. H. Alleyne Nicholson, 39 ;

International Congress for Measuring the Figure of the, 29S ;

The Earth's Rotation, 390 ; Shifting of the Axis of the

Earth, 406 ; Earth and Moon, Richard A. Procter, 227 ;

Earth and Sun, Suspected Relations between the. Prof.

Balfour Stewart, F.R.S., 9, 26, 45 ; E. D. Archibald, 339,

559 ; Dr. Wm. Hunter, 359
Earthquakes : at Marano Marchesato, 54 \ '" Peru, 54 ; in

Scotland, 73; and Tidal Wave in South America, 174; in

France, 175 ; at Geneva, 513
Eaton (H. S.), Greenwich as a Meteorological Station, 7
Eclipses: Total Solar Eclipse of 1SS9, 124; Total Solar

Eclipse of 1605, 255 ; Total Eclipse of the Moon August
23, 1877, 2S7; Meteorological Effects of, J. J. Wild, 419

Ecuador, Volcanic Eruption at, Cotopaxi, 297, 335
Edelweiss, the Wild-llower, 298, '329
Edgeworth (M. P.), Pollen, 499
Edinburgh : University Intelligence, 34, 94, 298 ; Royal

Society, 135 ; Rainfall of, 352, 3S9
Education : Sir John Lubbock on the Teaching of Science, 216

;

University, 4S6 ; Mr. Forstcron, 512
Electricity : in War, H. Baden Pritchard, 2S1 ; Sense Per-

ception of, Henry Cecil, 549
Electric Currents of High Tension, M. Plante on, 516
Electric Eel, Dr. S-'ach's Researches on the, 296
Electric Light, 197; M. Jahlochkoff 's Apparatus, 32, 91, 113,

131, 152; Experiments in Paris, 113 ; Experiments on, at St.

Petersburg, 132 ; at Lyons Station, 297 ; New, 422, 459,
502 ; for Lighthouses, 552 ; Experiments on, 530

Electric Spark, Spectrum of the, 531
"Electro-Metallurgy," Dr. Gore, F.R.S., 263
Elliot (James), The Araucaria, 43
Ellis (Alex. J., F.R.S.), Konig's Tuning-Forks and the French
Diapason Normal, 85 ; Konig's Tuning-Forks, 227

Elsden (J. Vincent), Strange Dream Phenomenon, 329
F.mbidic, the Nymph Form of, 154
Embryology, Prof Macalister on, 406
Endowment of Research, 117
Energy, Potential, 439, 457, 500, 520, 547
Engineering Education in Japan, 44
English Dictionary, Latham's, }

English Names of Wild Flowers and Plants, 385, 439
Entomological Society, 20, 75, 155, 219, 391, 496, 567
Equivalents and Atoms, 293
Eridani, 40 o-, the System of, 330
Erman (Prof. Adolph), Death of, 256
Esmeraldas, the Province of, 447
Ethnographical Map of France, 467
Eucalyflus globulus, 153, 443, 558 ; in the United States, 28S
Europe, Prehistoric Steppes of Central, 195 ; Climate of, 467
European Plants in Buenos Ayres and Patagonia, 264
Everett (Prof J. D.), " Elementary Text-Book of Physics," 5 iS
Everett (A. H.), Fertilisation of Flowers by Birds, 476
Evolution : the Progress of, 44 ; Evolution of Nerves and Nervo-

Systems, G. J. Romanes, 231, 269, 2S9 ; Evolution by Leaps,

288, 361 ; the Present Position of the Evolution Theory,
Prof. Haeckel, 492

Ewing and MacGregor on the Volumes of Solutions, 376
Excrementitious Deposits in the Rocky Mountains, 235
Explosives and the Loss of the Great Queensland, 256
Eye, Chromatic Aberration of the, S. P. Thompson, 84
Eyes, Prof. Virchow's Researches on the Colour of, 530

Famines and Droughts in Southern India, 14
Famines and Shipwrecks, Prof. Balfour Stewart, F.R.S., 461
Famines in India and the Monsoons, 465
Far'i, Notes on the Weather of, 89
Fayrer (Sir J., F.R.S.), the Towering of Wounded Birds, 550
Fertilisation of Flowers : Oscar Hertwig, 147 ; Thomas Meehan,

364 ; by Birds, A. H. Everett, 476 ; by Insects, Dr. Hermann
Miiller, 265, 507

Fertilisation of Orchids, Henry O. Forbes, 102
Figee (S.), Barlow and Laslett's Determination of the Strength
of Timber, 61

Figure of the parth, International Congress for Me^uring, 298

Filters : Spongy Iron, 48 ; Major Crease's New, 4S6
Fingers, the Rekative Length of the Index and " Ring," 444
Fire, Does Sunshine Extinguish ? see Combustion
Fish Commensals of MeduSc-e, Prof Theo. Gill, 362
Fish and Fisheries, United States Commission on, 395, 487
Fishes: the Vertebrated, of Spain, 140; of Lake Nicaragua,

505 ; Fish-eating Birds, 399
Fisher (A. T.), " The Book of Algebra," 437
Fisher (Rev. O.), Antiquity of Man, 182

Flames, Resistance of, and the Galvanic Current, 448
Flamingo, the, 30
Flammarion (M. ), Investigation of Double Stars, 15
Flax, Cultivation of New Zealand, 92
Fleischer's " Volumetric Analysis," 497
Floating Cast Iron, W. J. Mdlar, 23
Florida : Casts of Indians confined in, 335 ; the Crow Black-

birds of, 399
Flowers, Fertilisation of, s,e Fertilisation

Fluor Spar, Photo-electricity of, M. Hankel on, 558
Foehn, Greenland, 294 ; J. J. Murphy, 340; W. Hoffmeyer, 361
Fonvielle (M. W. de). Balloon Ascent, 557
Forbes (Henry O. ), Fertilisation of Orchids, 103 ; Meteorologi-

cal Notes from Lisbon, 265
Forel (Dr. F. A.), Natural Selection and the Diseases of Silk-

worms and Phylloxera, 488
Forestry : the Schools of, in Europe, Dr. J. Croumbie Brown,

41 ; a New Journal of Forestry, 153
Forests of Pegu, Sulpice Kurz, 58
Form of Bodies, the Influence of the, on their Attraction, 4S8
Forster (Right Hon. W. E.), on Education, 512, 556
Fossil Floras and Glacial Periods, J. W. Dawson, 67
Fossils brought Home by the Late Arctic Expedition, Dr. J.
Gwyn Jeffreys, F.R.S., 378

Foster's Text-Book of Physiology, E. A. Schiifer, 79
Foster (Prof G. Carey, F. R.S.), Opening Address in Section A

at the Meeting of the British Association at Plymouth, 311 ;

the Radiometer and its L-swns, 546
" Fowne's Inorganic Chemistry," edited by Watts, 6

Fox (Col. Lane, F. R. S.), Excavations into Mount Caburn, 429
Fox (Robert Were, F.R.S.), Death of, 296
France : French Transit Medal, 1 1 ; Meteorology in, 51 ; French

Physical Society, 92 ; Progress of Industry in, 92 ; Zoological

Society of, 112; Carboniferous Flora of Central, 13S; Origin

of the Trees and .Shrubs in the South of, 14S ; Rainfall Obser-
vations in the East of, from 1763 to 1870, 16S ; the Inter-

national Exhibition, 217, 237, 351 ; French Association for

the Advancement of Science, Meeting at Havre, 236, 279, 351,

383, 409 ; Defective Vision in the French Army, 279 ; Meteoro-
logical Institute for, 334 ; Agricultural Meteorological Service,

334 ; Ethnographical Map of, 467 ; French Geological Society

and the International Geological Congress, 513 ; Frencti

Societe d'Hygicne, 529
Frankland (Prof, F.R.S.), his New Work on Chemistry, 130
Franklin Expedition, Relics of the, 488
Freeden (W. von), Vellow Crocuses, 43
Free-Will, on the (Question of, 549
Friswell (R. J.), liiggins' Treatise on the Pollution of Rivers,

225
Frogs, Respiration in, 30
Froude (Wm., F.R.S.), New Dynamometer, 272; On the

Resistance of Ships, 382

Gabb (Wm. M.), Hog Wallows, 183
Galileo's Claim to be the Inventor of the Telescope, 390
Galton (Capt. Douglas), the Elevated Railway of New York, 3S2
Galton (Francis, F. R.S. ), Address in the Department of Anthro-

pology at the British Association, 344
Galton (J. C. ), Mantegazza on the Relative Length of the Index
and "Ring" Fingers, 444

Galvanic Current and the Resistance of Flames, 448
Gannett (Henry), " List of Elevations principally in that Portion

of the United States West of the Mississippi," 21S
Gardner (J. Starkie), the Cretaceous Flora of America, 285
Gamett (Richard), the Critical Point of Carbonic Anhydride, 23
Gases, Refraction of, 152
Gases, Watson's Kinetic Theory of, 242
Gassiot (J. P., F. R.S.), Death of, 388 ; Obituary Notice of, 399
Gauss, Centenary Celebration, 131 ; Interesting Letters of, 237
Gay-Lussac, Centenary of, 16

Gazetteer, Keith Johnston's, 82
Gee (William), Museum Reform, 140
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Geikie (Prof. A., F.R.S.), " Tliysical Geography," 1 58 ; the

Glacial Geology of Orkney and Shetland, 414 ; Zirkel's

Microscopical retrography, 473
Geikie (Dr. Jamef, F. R.S.), Antiquity of Man, 141

Gelada, the, 504
Geneva : Physical and Natural History Society, 136, 391, 568 ;

Medical Coiigre=s al, 296 ; Earthquake at, 513
(jeodetic Congress, the International, 279, 297
(jeography : Geographical Society, see Royal ; Geographical

Work in Russia daring 1S76, 209 ; Geographical Society of

Paris, 556 ; Geography and War Maps, 16

Geology : German Geological Society, 53 ; Geological Map of

lielgium, 51 ; Geological Notes, 51, 147, 235, 254; Geological

Society, 19, 35, g6, 134, 199, 239 ; Geological Survey of the

United Kingdom, 235 ; Geological Survey of Canada, 235 ;

International Geological Congress, 513
(ieometrical Meihods for approximating to the Value of tt. Rev.

Cr. Pirie, 22O
(icometry : Aikin's Elements of, 226 ; Mault's Natural, 455
Germany: German Anthropological Society, 53°! German

Astronomical Society, 2i5, 428; German Geological Society,

S3 ; German Geological Society, Annual Meeting at Vienna,

529 ; German Geological Surveys, 254 ; Meeting at Munich
of German Naturalists, 3S9, 42S, 491 ; German Society for

Mental Work, 556
" Gezetzmaszigkeit im Gesellschaftsleben," Dr. Georg Mayr,

500
Gessi (Capt. R.), Exploration of Lake Nyanza, 72
Gilchrist Trust Funds, 74
Gill (Mr. ), Expedition to Ascension, 14
Gill (Prof. Theo.), Fish Commensals.of Medus.-e, 362
Glacial Geology of Orkney and Shetland, Prof. A. Geikie,

F.R.S., 414; .S. Laing, M.P., 418
Glacial Period, Kropotkin's Researches on the, 16

1

Glacial Periods and Fossil Floras, J. W. Dawson, 67
Glaciers, the Ancient, of New Zealand, J. C. Russell, 100
Gladstone (Prof, F.R.S.), on Changes in Candles produced by
Long Exposure to Sea-Water, 377

Giaisher (James, F.R..S.), Guillemin's "World of Comets," 5 ;

Nocturnal Increase of Temperature with Elevation, 450
Glandular Origin of Contagious Diseases, Dr. B. W. Richardson,

F.R.S., 4S0
Glands, Nectar-Secreting, Thomas Belt, 122
Glasgow, Meteorological Observations at, 16 ; University Intel-

ligence, 55 ; University Bursaries, 516
Gloucestershire, Proposed Flora of, 35

1

Godwin-Austen (R. A. C, F.R.S. ), the Boring at Meux's
Brewery, 380

Gold in Carboniferous Conglomerate, D. Iloneyman, 62
Gold Mining in Russia, 133
"Golden Bough," Henry T. Wharton, 24
Gombi Arrow Poison, 504
Gore (G., LL.D., F\R.S.), "The Art of Electro-Metallurgy,"

263
Gorilla, the, at the Westminster Aquarium, 249
Gossage (William, F.C.S.), Death of, 16
Gbttingen, Academy of Sciences, 496
Graber (Prof Vitus), "Die Insektcn," 418, 489
Grand'Eury (C.) Carboniferous I'lora of Central France, 13S
Grape, Chemistry of the, 71
Great Guns, 25
Great Queenslnnd, the Loss of the, 256
Greening of Oysters, Prof Thiselton Dyer, 397
Greenland Foehn, 294 ; J. J. Murphy, 340 ; W. Hoffmeyer, 361
Greenland Seal F'ishery, Thomas Southwell, 42
Greenwich as a Meteorological Station, H. S. Eaton, 7 ; Green-

wich Observatory Report, 109
Greenwood (Col. George), " River Terraces," 181
Griffin (J. J), "Chemical Handicraft," 285
Grove (Dr. John), Origin of Contagious Diseases, 547
Guillemin's " World ot Comets," J. R. Hind, F.R.S., 5
Guns, Great, 25
Gwynne (W., M.D.), Translation of Lagout's Takimetry, 226
Gymnasium Swing, Proper Length of the, F. E. Nipher, 90

Haeckel (Prof), Present Position of the Evolution Theory, 492
Haemoglobin in Red Blood Corpuscles, 336
Hall (Prof Asaph), tbe Rotation of Saturn, 363
Hall (Capt. C. F.), Narrative of the Feliris Expedi'ion, 221;

Hall (Marshall), Edtlwelss, 329

llamberg (Dr. II. E.), Temperature and Humidity of the Air at

Different Heights, 369
Hamburg, Astronomical Institute for, 334
Hammock, Seydel's Pocket, 209
Hankel (M.), Photo-EIectricity of Fluor-Spir, 558
Ilaplomitrium Iwokeri, Henry H. Iliggins, 41
Harris (Dr. G.), "The Nature and Constitution of Man," 303
Harrison (I. Park), Ancient Characters at Cissbury, 8
Hart (W. E.), Phyllotaxis, 248
Hartley (W. Noel, F.R.S E.), the Constant Vibration of Minute

Bubbles, 34 ; Report on the Conditions under which Liquid

Carbonic Acid exists in Rocks and Minerals, 371
Harvard College (U.S.) : Resignation of Prof M'Crady, 31 ;

Annals of the Astronomical Observatory of, vol. xiii., 6a
;

Report of the Peabody Museum, 335
Hatchetolite and .Samarskite, Chemical Constitution of, 442
Haughton (Prof. Samuel, F.R.S.), Soldiers' Rations, 207;

Tidal Obseivations by the late Arctic Expedition, 405 ; on
the best possible Number of Limbs for an Animal, 407 ; th;;

Solar Eclipse of Agathocles, 563
Hartlaub's Birds of Madagascar, 49S
Havre, F'rench Association at, 279, 351, 383, 409
Head, the Segmentation of the, 288
Heat Phenomena Accompanying Muscular Action, 451 ; A. R.

Molison, 477
Hederic Acid and Resin of Scammony, C. T. Kingzett, 37S
Heidelberg, Bunsen Festival at, 299
Heis (Prof Edward), death of, 213
Helvetic .Society of Natural Science, 152
Henslow (Rev. Geo.), Migration of Swiss Miocene Flora, lot ;

Reproduction by Conjui^ation, 397
" Herefordshire Pomona, " proposed, 514
Ilerschel (A. S.), Visibility of the Ultra Violet Rays of the

Spectrum, 22
Herschelian Companion of Aldebaran, 266
Ilertwig (Oscar), the Phenomena of Fertilisation, 147
Heuglin (Th. v.), Projiosed Monument to, 280
Hevelius, Comets observed by, 93
Hibernation of Swallows, 43 ; of Birds, 61
Hidatsa Indians, the Ethnography and Philology of the, 33S
Iliggins (Clement), Treatise on the Pollution ot Rivers, 225
Higgins (Henry H.), Passage of Plants across the Atlantic

—

Ilaplomitrium Hookcri, 41
IIiggs(Dr. Paget), the Telephone, 359
Ilighley (Samuel), Japanese Mirrors, 132
HUl (E.), the Rocks of Charnwood Forest, 8
Hill (S. A.), Solar Radiation and Sun-spots, 505
Hind (J. R., F.R.S.), Guillemin's " World ot Com-ts," $
Hissar and Kolab, the Land of, 144
Hoffmeyer (W.), the Greenland Foehn, 361
Hog-Wallows, Wm. M. Gabb, 1S3
Hog-Wallows and Prairie- Mounds, W., Mattieu Williams, 7;

G. H. Kinahan, 7 : Jas. Durham, 24
Holden (Prof. E. S.), List of the Principal Telescopes, 33
Holland, Meteorology of, 89
Ilollis (W. Ainslie), Meteors, 266
Home (David Mdne), are there no Boulders in Orkney and

Shetland ? 146
Homologues and Isomers, the Physical Properties of, F. D.

Brown, 175
Iloneyman (L). ), Gold in Carboniferous Conglomerate, 62
Hooker (Sir

J.
D., F.R.S.), his Tour in America, 445 ; Notice

of, by Prot. 'Asa Gray (with Portrait), 537 ; Notes on the
Botany of the Rocky Mountains, 539

Iloppe-Seyler (Mons.), on Zoological Classification, 30
Horner (A. C), on Respiration in Frogs, 30
Hornstein (Prof), Sun-spots and Wind, 352
Hotel Dieu, Paris, 335
How to Draw a Straight Line, A. B. Kempe, 65, 86, 125, 145
Howard Medal of the Statistical Society, 557
Howorth (Henry H.), a Proposed New Museum, 226
Huelin (D. Emilio), " Cronicon Cientiftco Popular," 41S
Hugo (Leopold), " La Theorie Hugo decimate," 359
Hull (Prof E., F.R.S.), on a Middle Carboniferous Group, 38
Human Remains in a Raised Beach, 52
Humidity and Temperature of the Air at DitTerent Heights, 369
Hunter (Dr. W. W.), Droughts and Famines in Southern India,

14; Relations between Sun and Earth, 359; the Cycle of
Sun-spots and Rainfall, 455

Huxley (Prof T. H., F.R.S.), on Elementary Instruction in
Physiology, 233 ;

" Anatomy of Invertebrated Animals," 517
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IlyJrographic Survey of the Baliic, 460
Hyperion, the Saturnian Satellite, 169, 460,1552

Ilypopes, 133 a

Ice-age in Shetland, 501
Ice-work in Labrador, 52
Iceland, Notes on the Weather of, 89; the Volcanoes of, 105

Illiniani, Ascent of, 297, 446
Inaudible Mbrations, the Effect of, on Sensitive Flames, Prof.

W. !•. Barrett, 12

India : Droughts and Famines in Southern, 14 ; Indian Rainfall

and Sun-spots, 171 ; Prof. Balfour Stewart, F.R.S , 161 ; E.

D. Archibald, 267, 396, 438 ; Riinfall in South, J. Allan

Broun, F. R.S., 333 ; Russian Account of Scientific Progress

in, 425 ; Indian Famine and Meteorology, Alex. Buchan,

425 ; the Famine and the Monsoons, 465 ; Indian Rainfall

•Statistics, 519
Indians, North American, Casts of. 335 ; the Nez Perce.s, 335
Indians, the Ilidatsa, Ethnography an 1 Philology of the, 33S
India-Rubber Toys, 113
Individual Variations in Animals, 147
Infant Mor ality in Tasmania, 90
Infectious Diseases, Prof. Tyndall on, 9
Infinitesimal Calculus, James G. Clark, 21

Inlh-xUilc, the, 201, 221 ; Dr. Joseph Woolley, 247
Ingleby (Dr. C. M.), Does Sunshine Extinguish Fire? 477
Inorganic Acids, Complex, 254
Inorganic Chemistry, Fownes, edited by Watts, 6
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Insects: Our Insect Foes, 104; Injurious Insects, 113; Fer-

tilisation of Flowers, by Dr. Hermann MiiUfr, 265, 507 ;

Mayer's " Organismus der Insekten," 41S; Selective Dis-

ciimination of, 522; Stamping Out Noxious Insect Life, 207
Insectivora, American, 504
Insectivorous Plants, 364 ; Spontaneoui Movements in, 364
Institute of Civil Engineers, 20, 116
Institution of Mechanical Engineers, Annuil Meeting, 256
Institution of Naval Architects, 411
International Geological Congress, 1S78, 513
Invertebrated Animals, Hu.xley's Anatomy of, 517
Iowa WeatheT Report, 169
Ipswich Museum, the Crag Fossils in the, 351
Ireland, Queen's University, 516
Iris, the Approaching Opposition of, 477
Iron, Floating Cast, W. J. Millar, 23 ; Prevention of the Cor-

rosion of. Prof. Barff, 37S
Iron and Steel, Molecular Changes in, during Heating and

Cooling, 55
Iron and Steel, Direct Process in the Production of. Dr. C. W.

Siemens, F.R.S., 467
Iron and Steel Institute, 426, 433, 446
Irrigation in Ceylon, Restoration of the Ancient Tank System,

Rev. R. Abbay, 509
Isomers and Plomologues, the Physical Properties of, 175
Italy, Meteorology in, 51
Ivy, Wine-coloured, J.J. Murphy, 551

Jablochkoff Electric Light, 91, 113, 131, 152, 422
Jack (K. L. ), Geological Survey of Canada, 40
Jahrbuch der k.k. geologischen Reichsanstalt, 154
Jainism ; or, the Early Faith of Asoka, by E. Thomas, F.R.S.

,

329
Jamaica, The Botanic Gardens and Public Plantations of 73
James (Lt.-Gen. Sir Henry), Death of, 152
Janssen (Dr.), his Observatory, 556
Japan ; Exploration of, 32 ; Engineering Education in, 44 ;

War Balloon, 297
Japanese Mirrors : R. W. Atkinson, 62 ; Samuel Highley,

132; R. D. Darbishire, 142; S. P. Thompson, 163; J.
Painell, 227

Jeans (L.), Science Lectures in London, 329
Jeffreys (J. Gwyn, F.R.S.), Opening Address in Section D at

the Meeting of the British Association at Plymouth, 323 ; On
Deep-Sea AloUusca, 323 ; the Fossils and MoUusca brought
home by the late Arctic Expedition, 37S

Jenissei, the Natural History of the, 367
Jenkins (B. G.), Lumicre Cendiee, 502
Jeula (Henry), Sun-Spots and Wrecks, 447
Johnston (A. Keith), General Gazetteer, 82

Jones (Prof. Rupert, F.R.S.), New Edition of "Dixon's Geology
of Sussex," 91

Journal of Anatomy and Physiology, 299
Journal of Forestry, 153
Journal de Physique, 18, 134, 218, 432, 566
Judd (Prof. J. W., F.R.S.), Deep Well-Borings in London, 2

"Jukes Family," Francis Galton, F.R.S., on the, 347
Julius (Dr. V. A.), on Time, I2>, 420
July Shooting Stars, W. F. Denning, 286

Jupiter's Satellites, 522

Kalocsa, Observatory at, 112

Karrer (Felix), Geology of the Vienna Water Supply, 282
Karsten (Dr. Hermann), Death of, 513
Kay-Shuttleworth (Sir James), Death of, 94 i

Kazan, Arch.Teological Congress at, 3S9

Keeping (Walter), Meteors, 551
Kempe (A. H.), How to Draw a Straight Line, 65, 86, 125, 145
Kennedy (Prof. A. B. W.), Centroids and their Application to

some Mechanical Problems, 48
Kent's Cavern, the Exploration of, 372
Kew Gardens, Report for 1S76, 246
Key (Rev. Henry Cooper), the Satellites of Mirs, 457
Kibalchich (M.), Discovery of Caves, Implements, &c., at Kief,

132
Kief, Discovery of Cave Remains, &c., at, 132

Kilburn, Severe Thunderstorm at, 218
Kinahan (G. H.), Hog-Wallows and Prairie Mounds, 7
"Kinetic Theory of Gases," Watson's, Prof. Clerk MaxAeU,

F.R.S., 242
King's College, London, .Science at, 298
Kingsley Memorial Prizes, 557
Kingzett (C. T.), the Alkali Trade, 180; Hederic Acid and

Resin of Scammony, 378
Kingzett and Zingler on Albumen of Commerce, 37S
Kiikwood (Prof. Daniel), Meteoric Fire-Balis in America, 143
KischeneflT, Discovery of Skeletons near, 17
Konig's Tuning-Forks, 162, 227 ; and the French Diapason

Normal, Alex. J. Ellis, 85
Kolab and Hissar, the Land of, 144
Kosmos, 44
Kosseu-, Climate of, 268
Kropotkin (P.), Researches on the Glacial Period, 161

Kryptogamien Flora von Schlesien, 543
Kurl, Exploration of, 113
Kiirz (Sulpice), the Forests of Pegu, 58

" Laboratory Guide," Prof. Church's, 160

Labrador, Ice-Work in, 52; Thermometric Observations in, 431
Ladies' Educational Association, 566
Lagout(E.), "Takimetry," Translated by W. Gwynne, 226
Lagrange (M. C), the Influence of the Form of Bodies on their

Attraction, 4S8
Laing (S., .M.P.), the Glacial Geology of Orkney and Shetland,

414, 418
Langley (Prof. S. P.), Proposed New Method in Spectrum

Analysi?, 150
Lankester (Prof. E. Ray, F.R.S.), Dealers in Zoological Speci-

mens and Models, 521
Laslett and Barlow's Determination of the Strength of Timber, 6

1

Latham's English Dictionary, 3
Laticiferous Vessels in Plants, 288
Lauiloch, the Grotto, 29S
Lavoisier Medal, Award of the, 334
Lawless (E.), on a Fish-Sheltering Medusa, 227
Leading Articles, the Manufacture of, II. Baden Pritchard, 24S
Leaf-Beds, Tertiary, of Colorado, 14S

Leamington, Sanitary Congress at, 5 [4

Lebour (G. A.), Geology of the Vienna Water Supply, 2S2

Leeds, Yorkshire College of Science : Distribution of Prizes,

173 ; Proposed Incorporation of, 355 ; Calendar of, 496
Leicester Literary and Philosophical Society, 152, 411

Lepidoptera, North American, 147
Level, the Ordnance Datum, 371
Leverrier (M. Urban J. J.): lU-heahh of, 71, 351, 428; and

Meteorological Stations, 91 ; Obituary Notice of, 453 ; Prof.

Adams on his Planetary Theories, 462, 478
Lewes (G. H.), " Physical Basis of Mind," 32, 261

Lewis (Bevan), on the Nerve Cells of the Cortex, 355
Leyden Jars, 18

Librarians, the Conference of, 457, 4^7
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Lichens, Dr. Lauder Lindsay's Collection of, 73
Lick Observatory, the Great Telescope for, 216
" Life-History of the Earth," Prof. H. AUeyne Nicholson, 39
Light, the Velocity of, 229
Light, Supposed Influence of, on Combustion, 341, 477, 521

Light and Sound, Dr. Henry Muirhead, 43
Lighthouses : the Ncedlej Light, 382 ; the Eddystone, 383 ;

Electric Lights for, 552
Lightning Conductors, John Perry and W. E. Ayrton, 502
Lightning Stroke, the Effects of, 568
Limbs, Prof. S. Haughton on the best possible Number of, for

an Animal, 407
Limestone, Discovery of a Precious, 515
Limits of Natural Knowledge, Prof. C. von Nagell, 491, 531,

559
Linnrcan Society, 55, 7.^, 115, 154 ; New Foreign Members, 91
Linna:us, Proposed Monument to, in Stockholm, 257
Lisbon: Annals of the. Observatory, 139; Meteorological

Noies from, Henry O. Forbes, 265
Li'Jiornis cmuinus. Discovery of Bones of, 152
Little (W.), Stamping-out Noxioirs Insect Life, 207
Liverpool Geological Society, 92
Llangollen, the Carboniferous Limestone and Millstone in the

Country near, 38

1

Local Museums, 22S, 266, 286 ; in Switzerland, 429
Lockyer (J. Norman, F.R.S.), Star or Nebula? 413
Locusts in Algeria, 72
Ijodighin's New Electric Light, 422
Logarithms, Namar's Tables of, 197
London University Intelligence, 33, 94, 172
London Flora, Dr. Crespigny's New, 338
Longitude, Determinations of, 153 ; European Bureau of, 530
Lovett (W. Jesse), a Simple Wave Motion Apparatus, S3
Lubavin (N. N.), " Chemical Physics," 140
Lubbock (Sir John, F.R.S.), on the Teaching of Elementary

Science, 216 ; Selective Discrimination in Insects, 548
Lumici-e Cendrte, E. G. Jenkins, 502
Luminous Campanularia;, 30
Luminous Meteors, 371

MacAlister (Prof.), on Embryology, 406
Maclvor (Mr.), Statue to, 131
McCook (Rev. II. C), on Great Vitality of Ants, 523
McKenzie (John L.), Meteors, 551
McNab (Prof.), on the Movement of Water in Plants, 409;
Cohn's " Biology of Plants," 435

M'Crady (Prof.), Resignation of, 31
Mackay (Rev. A.), Physiography and Physical Geography, 437
Mackie's Composing Machine, 214
Machinery, Apparatus for Determining the Speed of, 35
Mactear (James), Improvements in Alkali Manufacture, 377
Madagascar, llartlaub's Birds of, 498
Madagascar and Africa, Zoological Relations of, 548
Madan (Rev. II. G.), the Satellites of Mars, 475
Madder, as a Dye, 297
Maggot-Breeding in Paris, 29S
IMagic Lanterns and Advertising, 91
Magilus, Boring Powers of, 523
Magnetic Induction and Observations of the Earth's Magnetic

Force, Charles Chambers, F. R.S,, 376
Magnetic Needle, Early Allusions to the, 26S
Magnetic Observations, Stoneyhurst, 90
Magnus (Rev. P.), Address at University College School, 336
Major (Richard H.), "The Discoveries of Prince Henry the

Navigator," 2S4
Malet (H. P.), "Incidents in the Biography of Dust," 139
Mallet (J. W.), the Conference of Librarians (a Good Sugges-

tion), 457
Malvern, the Forest and Chase of, 559
Mammoth Carcase, Discovery of, in Siberia, 113
Man, Antiquity of, 69, 97, 106
Man, Dr. G. Harris's Work on the Nature and Constitution of, 393
Manchester : Trees in, 174 ; a University for, 241, 279
Manganese and Chromium Compounds, 254
Mangon (Hervc), New Registering Thermometer, 237, 421
Mantegazza on the Relative Length of the Iirdex and " Ring "

Fingers, J. C. Galton, 444
Manures: Experiments on the Value of, 129; Prizes for Best
Work on, 132

Markham (Capt. Albert), Presentation of Gold Watch to, 16

Mars : the Oppositiin of, 1S77, 14, 341 ; Physical Observations

of, 70 ; Reported O'ccultation of, by Venus, a.d. 368, 195 ;

the Satellites of, 341, 364, 397, 427, 441, 477, 503, 551;
the Envelope of, 446 ; Prof. Simon Newcomb, 456 ; Rev.
Henry Cooper Key, 457; Lord Rosse, 459; Rev. II. G.
Madan, 475 ; John Brett, 503

Marsh (Proi. O. C), Discovery of Baptornis advtntts, 336 ;

Introduction and Succession of Vertebrate Life in America,

448, 470, 4S9
Marsh on Physical Observations of Mar.s, 70
Mason (Dr. Otis T. ), Rate of Mound-Building, 503
Massee (G. E.), Phyllotaxis, 208
Mathematical Society, 95, 176, 55^
Mathematics in America, R. Tucker, M.A. , 21
" Matter and Motion," Prof. Clerk Maxwell's, 119
Matthews (Washington), Ethnography nnd Philology of the

Hidatsa Indians, 338
Mault (A.), "Natural Geometry," 455
Mauriiius, Sun-spots and the Weather at, 168 ; the Observatory

Reports, J. Allan Broun, F.R.S., 337 ; Cyclones in, 375
Maxwell (Prof. Clerk, F.R.S.), " Matter and iMotion," Prof. P.

G. Tait, 119; Watson's " Kinetic Theory of Gases," 242
Mayer (Dr. A. B. ), New Work on Birds, 399
Mayr (Dr. G.), "Die Gesetzmiiszigkeit im Gesellschaftsleben,"

500
" Mechanics of Engineering, " Weisbach's, 81

Mechanics' Institutes in Towns, Mr. Swire Smith on, 411
Medal to Commemorate the Transit of Venus, 1

1

Medical Congress at Geneva, 296
Medical Scieirces, Internatronal Congress of, 131, 42S
Mediterranean, a True Whale in the, 309 ; the Flora of, 523
Medusa, on a Fish-Sheltering, 227, 248, 362
Meehan (Thomas), Fertilisation of Flowers, 364
Meguin (M.), on Acarians and Hypopes, 133
Meissen, Mines of. 514
Melbourne Observatory, Report of, 503
Meldrum (Dr.), Reports of the Mauritius Observatory, 337
Memorie della Sociela degli Spettroscopisti Italiani, 134
Mental Work, German Society for, 556
Metallic Films on Glass Tubes, 430
Metals, Inlluence of Light on the Electrical Resistance of, 447
Meteors, 43, 266, 550, 551 ; at the Cape of Good Hope, 72 ;

New Meteor Radiant, W. F. Denning, 102 ; Luminous
Meteors, 371 ; Meteor at Bhawnepoor, India, 375 ; Meteoric
Fire-Balls rn America, 143; Meteoric Masses, Heat of, 431 ;

Meteoric Astronomy, 441 ; Meteoric Phenomenon during a

Gale, 551 ; Meteoric Stones in America, 558
Meteorite, the Sialldalen, 238
Meteorology : Greenwich as a Meteorological Station, 7 ; Prof.

Balfour Stewart on Suspected Relation between the Sun and
the Earth, 9, 26, 45 ; Observations at Glasgow, 16 ; Meteoro-
logical Society, 20, 115, 259; Meteorologrcal Notes, 50, 89,

267 ; Meteorology in Italy, 51 ; in France, 51, 513 ; Grant
to the Scottish Meteorological Society, 53 ; Paris Observa-
tory, 71 ; Meteorology of Holland, 89 ; Tycho Brahe's

Meteorological Journal, 89 ;
" Atlas Metcorologique," 89 ;

Weather Maps in Australia, 90 ; Stoneyhurst Meteorological

and Magnetic Observations, 90 ; Climate and Infant Mortality

in Tasmania, 90 ; Meteorology of South Australia, 16S

;

Meteorology of the Future, a Vision, 193 ; Meteorological
Council, the New, 224 ; Notes from Lisbon, Henry O.
Forbes, 265 ; Agricultural Meteorological Service, 334 ; Pr-o-

posed Institute for France, 334 ; Arctic Meteorology, 35S ;

Dr. J. J. Wrld on the Meteorological Effects of Eclipses, 419 ;

and the Indian Famine, A. Buchan, 425; the Pic du Midi
Observatory, 513

Meux's Brewery, Deep Well-Boring at, 2, 3S0
Meyer (Dr. A. B.), Museum Reform, 227
Mice, the Singing of, 558
Micrometer, a New Form of, 115
Microscope, Prof. A. Mayer's Vernier, 151
Microscopical Society, sa Royal
Microscopist, the, by Dr. W. II. Wythe, 6
Millar (\V. J.), Floating Cast Iron, 23
Miller (W. J. C), "Mathematical Questions," 417
Mimnliis tutciis, the Electrical Disturbance which accompanies

the Excitation of the Stigma of. Prof. Burdon Sanderson,
F.R.S., 163

Minchin (G. M.), Potential Energy, 547
" Mind," 32
" Mind, the Physical Basis of," by George Henry Lewes, 26 [
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Minerals, Rare, in the North of Scotland, 147 ; the Optical

Characters of, H. C. Sorby, F.R.S., 380
Wines of Meissen, 514
llining. School of, at Columbia College, U.S., 4U
Minor Planet, a New, 2S7, 330
Minor Planets and Comets of Short Period, 143
Miocene Flora, Migration of Swiss, Rev. Geo. Ilenslow, loi

Mirrors, New, for Reflecting Sextants, 429
Missouri, Noxious and other Insects o', Repoit on, 132
Jlitcliell (Dr. Arthur), Cave-Men of Western Europe, 53
Mubius (Karl), "Die Auster und die Auslernwirthschaft," 499
Moguil Liondia, Discovery of Tumulus at, 17

Mohn (H.), the Norwegian Deep-Sea Kxpedition, no, 526
Molison (A. R.), Heat Phenomena and Muscular Action, 477
Mollusca, Deep-Sea, J. Gwyn Jeffreys, F, R.S., 323
MoUusca brought Home by the late Arctic Expedition, Dr. T.

Gwyn Jeffreys, F.R.S., 37S
Money (Sl.ijor G. Noel), Meteor at Bhawnepoor, 375
Monkeys, the Gelada, 504
Monotremata : Notes on the Noith-East Australian, 420 ; the

Australian, 439 ; W. A. Forbes, 439 ; Dr. G. Bennett, 475
Monro (Sir David), Death of, 15
IMont Blanc, the Geology of, 174
Montsouris Observatory, Lectures at the, 334
Montucci (M.), Death of, 335
Moon: Total Eclipse of the, August 23, 1S77, 287, 335 ; Tem-

perature of the Moon's Surface, Earl of Rosse, F. R.S., 43S
Morgue, the, Paris, 257
Morphologisches Jahrbuch, 134, 299
Morphology of Primroses, Dr. Masters, 154
Morie (Prof. E. S.), in Japan, 3SS
Moscow, Museum of Applied Sciences, 32
Moseley {H. N.), Urticating Organs of Planarian Worms, 475
Moser (fames), the Spectra of Chemical Compounds, 193
Moths, 'Zyga-iui filifenduhT, 361
Mott (A. J.), the Source and Functions of Carbons on the Crust

of the Earth, 406
Mound-Building, Rate of. Dr. Otis T. Mason, 503
Mount Caburn, Excavations into, 429
]\Iount Carmel, U.S., Tornado at, 112

Mount Illimani, Ascent of, 297
Mountain, Fall of a, in Tarentaise, Savoy, 279
Movements of a Submerged Aquatic Plant, 554
Muir (M. M. Pattison), Kingzett's "Alkali Trade," iSo
Muirhead (Dr. Henry), Sound and Light, 43
MiiUer (Baron F. von), Select Plants readily Naturalised in

Victoria, 100

Miillor (Dr. H.), Fertilisation of Flowers by Insects, 265, 507
Mullet, the Striped, 523
Munich : Meeting of German Naturalist.;, 3S9, 42S, 491 : Society

of Antiquaries, 42S
Munro (J), Neiv Electric Lights, 422, 502
Miinster, New Lecture-Rooms at, 299
Murphy (J. J.), on Time, 182 ; Complementary Colours, 20S

;

the Greenland Foehn, 340 ; Wine-Coloured Ivy, 551
Murray (Andiew), Drawings of the Colorado Beetle, 430
Muscular Action, Heat Plienomena accompanying, 451 ; A. R.

Molison, 477
Muscular Contraction, Experiments on, 133
Museum Reform, 183; Prof. Boyd Dawkins, F.R.S., 78; F.

W. Rudler, 140 ; Dr. A. B. Meyer, 227
Museums of Natural History, Prof. Boyd Dawkins, F.R.S., 9S,

137 ; Williapi Watts, 161

Museums, Local, 266, 28O, 360
Museums in Switzerland, 429

Nageli (Prof. Dr.), Limits of Natmal Knowledge, 491, 531, 550
Naples, Dr. Dohrm's Zoological Station at, gi

Nares (Sir George), Geographical Society's Royal Medal to, 16
National Health Society, 257
Natural History Museums, Prof. Boyd Dawkins, F.R.S., 98, 137 ;

Wm. Watts, 161

Natural History Societies, propjsel Amalgamation of the

Midland, 297
Naturfoischer, Der, iS

Naturkriifte, Die, 418
Naval Architects, institution of, 411
NawaUchin (M.), Heat Phenomena accompanying Muscular

Action, 451
Nebulas, Messier, 8, 522 ; the Variable Nebula in Taurus, 552 ;

Nebula or Star? J. Normin Lockyer, F.R.S., 413

Nectar-Secreting Glands, Francis Darwin, 100 ; Thos. Belt, 122
Needles Light, Sir Wm. Thomson, F.R.S., on, 3S2
Nehring (Dr. A.), Prehistoric Steppes of Central Europe, 195
Neptune, the Satellites of, 441
Nerve-cells of the Corte.v, the Relationships of the, to the

Lymphatic System of the Brain, by Bevan Lewis, 355
Nerves and Nervo-.Systems, Evolution of, G. J. Romanes, 231,

269, 289
Nerves in Vertebrates, the Development of, 364
New Guinea, Botany of, 31 ; Anthropology of, 54; Flora of,

20S ; D'Albertis', Exploration of, 296 ; Zoolojjy of, 489
New South Wales, Royal .Society, 279 ; Linnean Society, 46(i

New York, the Elevated Railway a'-, Capt. Djuglas Galton, 382
Nt'v York Iltralil, Weather Telegrams, 72
New Zealand, the Ancient Glaciers of, 100 ; Auckland Institute,

131 ; Rock-paintings in, 175 ; High Tide on the Coa;t ol,

ig8 ; Wellington Philosophical Society, 567
Newall (R. S., F.R.S.), on Mars, 446
Newberry (J. S.), Cretaceous Flora of America, 264
Newcomb ( Prof. ), on the Satellites of Mars, 398, 456
Newfoundland, Geological Survey of, 254
Nez Perce Indians, 335
Nicaragua, Lake, the Fishes of, 505
Nicol Prism, Interference Fringes in the, 135
Nicols (Arthur), the Ship-worm, 8

Nicholson (Prof. II. AUeyne), " Life-history of the Earth," 39
Nicholson (Hunter), Rattle Snakes in Wet Weather, 266
Nickel and Cobalt, Double Compounds of, J. M. Thomson, 372
Niepce (Nicephore ), .Statue to, 131, 142 ; H. Baden Pritchard

on, 142 ; and the Discovery of Photography, 501

Niger, Bishop Crowther's Notes on the, 131

Nipher (Francis E.), the proper Length of the Gymnasium
Swing, 90 ; Tait on Force, I S3

Nordenskjold (Prof.) : the Slalldalen Metearite, 238 ; his Expe-
dition, 513

Noggerath (Prof. Jacob), death of, 445
Norris (Prof. M. B.), Molecular Clianges in Iron and Steel

during Ileatmg and Cooling, 55
North American Lepidoptera, 147
North Sea, Norwegian Expedition to, 258 ; Dredgings in, 296
Norwegian Deep-Sea Expedition, no, 258, 271 : Dr. Mohn, 526
Nottingham New University at, 452
Noxious Insect Life, Stamping out, W. Little, 207
Nova Cygni, the Spectrum of, 400
Nubians at the Alexandra Palace, 447
Niirnberg, Germanic Museum at, 429

Ober (F. A.), Exploration of the West Indies, 515
Obi, ]\I. Poliikol's Exploration of, 17
Observatories: Paris, 15; Cincinnati, 29; Annals of the

Harvard College, 60 ; Greenwich Observatory Report, 109 ;

at Kalocsa, 112; Lisbon, 139; Cape of Good Hope, 169;
Oxford, Report of the Director, 197; Montsouiis, 334;
Mauritius, 337 ; Melbourne, 503

"Observatory,' The, 93
Oersted (Hans Christian), Centenary of, 42S
Ogove, Exploration of the River, 216, 4S7, 556
Opiliones, Persian and Sardinian, 504
Oppenlieim (Prof. Alphons) : Death, 464 ; Obituary Notice, 552
Optical Bench, New Form of, 219
Orchids, Fertilisation of, Henry O. Forbes, 102

Ordnance Datum Level, 371
Orkney and Shetland : the Glacial Geology of. Prof. A. Geikie,

F.R.S., 414 ; S. Lairg, M.P., 418; Are there no Boulders in?

David Milne Ilolrae, 476
Osborne (J. A.), CaterpilUr.=, 502
Ostiaks, the Life of the, 1

7

Otheoscope, the, William Crookes, F.R.S., 12

O'Toole (John), Some of the Troubles cf, respecting Puteatial

Energy, 439, 457
Our Insect Foes, 104
Ovum, the Development of the. Rev. W. H. Dallinger ar.dDr.

J. Drysdale, 1 78, 203
Owens College, Manchester, 153; the University Question, 38 ;

Scholarships, Prizes, &c., 172
Oxford: the Universities BUI, i ; Scholarships a'. Baliio', 114;

Report on the University Ojserv.itory, 197 ; University Co n-

mission, 516 ; University Intelligence, 33, 54, 94, 133, 153, igi

Oxygen in Tea- Water, 255
0.xygen in the .Sun, Discovery of, and a New Theory of the

Solar Spectrum (tc?//; a Photograph), by Prof. II. Drap.r, 364
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Oxygen and Hydrogen, Heat of Combustion of, in Closed Ves-
sels, 442

Oxy-zirconium Lights for Lecture Demonstrations,'5i5
Oysters : Greening of. Prof Thiselton Dyer, 397 ; and Oyster-

Culture, 499
Ozone, Thermic Formation of, 71

Palicozoic Corals, Charles Wachsmuth on, 515
Palajozoic Deposits of South Devon, 379
Palestine : German Society for Exjjloring, 2S0 ; Levels of, 409
Pandora, the, and Arctic Exploration, 513
Panceri (Prof. Paolo), Campanulariic, 30
Paris : Academy of Sciences, 36, 56, 76, 96, uC, 136, 156, 17C,

200, 220, 240, 260, 2S0, 300, 336, 356, 392, 412, 432, 452,
472, 516, 536, 568 ; the ;Observatory, 15 ; International Ex-
hibition, 17, 32, 430; Gigantic Balloon at, 279; Paris Accli-

matisation Society, 53 ; the Public Clocks of, 91 ; Charle-

magne College, 173 ; Hotel Dieu, 335 ; Pneumatic Apparatus
at the National Library, 529

Parlatore (Filippo), Death of, 445
Parnell (J.), Japanese Mirrors, 227
Pascoe, {F. C), "Zoological Classification," 82
Pasteur-Bastian Experiments, the Commission ^of the French
Academy and the, 276

Patagonia and Buenos Ayres, European Plants in, 264
Pateiias in Ceylon, Rev. R. Abbay, 42
Patent Museum, the, 112

Pattison (S. R.), the Carboniferous Coast-line of North Corn-
wall, 379

Peabody Museum, U.S. : Tenth Report of the, 335 ; New
Building for the, 352

Pegu, the Forests of, Sulpice Kurz, 58
Pekin, Climate of, 50
Pele's Hair, H. C. Sorby, F.R.S., 23
Pengelly (W., F. R.S ), Opening Address in Section C at the

Meeting of the British Association at Plymouth, 31S ; Geology
of the Coast from Rame Head to the Bolt Tail, 378

Pennington (Rooke), "Barrows of Derbyshire," 416
Pens, Mawson and Swan's Magic, 297
Periscopism and the Crystalline Lens, 151
Ferry (John) and W. E. Ayrton, Lightning Conductors, 502
Perseids, the Radiant Centre of the, \V. F. Denning, 362
"Personal Equation," Francis Galton, F.R, S., on, 345
"Peru, Squier's," Edward B. Tylor, F.R.S., 191
Peschel (O.), " Geschichtedes Zeitalters der Entdeckuiigen," 2S4
Petermann's Mittheilungen, 17, 2i6, 296, 351, 447
Petrography, Microscopical, Zirkel's, 473
Pfaff (Dr. F.), "Die Naturkiafte in der Alpen, oder physika-

lische Geographic des Alpengebirges," 542
Philadelphia Academy, 240, 536
Photo-Eleclricity of Fluor Spar, M. Hankel on, 55S
Photography : Photographic Socitty, 200 ; Photography in

Germany, 257 ; New Processes in, 352 ; the Discoverer of,

J. Smith, 501 ; Photographic Exhibition, 525 ; Photography
of Luminous Objects, 55S

Phyllotaxis : G. E. Massee, 208 ; W. E. Hart, 24S
Phylloxera, 488
Physiological Balance, M. Redier's, 390
" Physical Basis ol Mind," by George Henry Lewes, 261
" Physical Geography," Geikie's, 15S
Physical Society, 35, 75, 115, 135, 219
Physics : Dr. C. Bonn's " Ergebmsse physikalischtr Forschung,"

430; Everett's Text-Book of, 518
" Physiography and Physical Geography," Rev. A. Mackay, 437
" Physiological /Esthetics," Grant Allan, 98
Physiology : Foster's Text-book of, 79 ; Prof Huxley on

Elementary Instruction in, 233
Pic du Midi Observatory, 513
Pigeons, Speed of, 237
Pirie (Rev. G.), the Principal Geometiical Methods for Ap-

proximating to the Value of tt, 226
Pitch, Viscosity of Hard Black, 236
Pitury, a new Stimulant, 68
Planarian Worms, Urticating Organs of, H. N. Moseley, 475
Planets, New Minor, 287, 330
Plants: Respiration of, 31 ; Pas-age of, Across the Atlantic,

Henry H. Iliggiiis, 41 ; the Source of the Carbon of, 210;
Adaptation of Phant-Structure, Henry Collett, 266 ; Lati-
ciferous Vessels in, 288 ; Insectivorous, 364 ; Spontaneous
Movements in, 364

Platoiod Nitrates, 442

Plymouth : the Palaeontology of, R. N. Worth, 380 ; the Drift

of Plymouth Hoe, J. H. Collins, 379
Pneumatic Railway between South Kensington Station and the

Albert Hall, 217
Pocket Hammock, Seydel's, 209
Poggendorff's Annalen der I^hysik und Chemic, iS, 114, 173
Polar Colony, Proposed, 296
Polaris Expedition, Report of, 358 ; Capt. Hall's Narrative, 225
Polarisation of (Jiiartz, 568
Pollen, M. P. Edgeworth, 499
Pollution of Rivers, Higgins' Treatise on the, 225
" Pomona," Proposed, by the Woolhope Club, 514
Pongo, the Gorilla at the Westminster Aquarium, 249
Post (Dr. Jul.), " Grundriss der chemischen Technologic," 83
" Zeitschrift fiir daschemische Grossgewerbe, 519

Post-Glacial Deposits in West Lancashire, 406
Potenthal Energy, 439, 457, 500, 520, 547
Prairie-Mounds and Hog- Wallows, 7, 24
Preece (W. H.), the Telephone, 403
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Wrecks, 447 ; Dr. W. W. Hunter, 455 ; and Solar Radiation,
S. A. Hill, 50s

Sunday Weather Warnings, 51
Swallows, the Hibernation of, 43
Swiss Miocene Flora, Migration of. Rev. Geo. Henslow, lOI

Switzerland, Chronometers of, 369 ; District Museums in, 429 ;

the Government Map of, 447
Sydney, University of, 355
Sylvester (Prof.), on Teaching and "Researching," 103

Tagiiilalt of the German Naturalists' Association, 2i5
Tait (Prof. P. G.), Prof. Clerk Maxwell's " Matter and Motion,"

119
Tait on Force, Francis E. Nipher, 1S2
"Takimetry," E. Lagout, 226
Talbot (W. H. Fox, F.R.S.) : Death of, 464 ; Obituary Notice

of, 523
Tank Irrigation in Ceylon, the Restoration of the Ancient Sys-
tem of, Rev. R. Abbay, 509
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THE UXIVERSrriES BILL

VERY little light has been thrown on the future of Oxford

and Cambridge by the discussions in the House of

Commons last week and this week. Harassed as they are

by the difficulties of the Eastern question, our legislators

could not, perhaps, be expected to devote serious thought

to the fortunes of higher education in England, but as Mr.

Kratchbull-Hugessen said, the debate was "certainly more

suited to the debating societies of Oxford and Cambridge

than to the arena of the House of Commons." Lord F.

Hervey, who opened it, had little weightier to remark

than that Mr. Grant Duff was " no doubt a very learned

and superior person," and Mr. Grant Dufl''s chief contri-

bution was the venerable witticism that Lord F. Hervey

ought to be carried round the country by himself and

other advanced reformers, as " the shocking example" of

the results of the present system. Mr. Trevelyan delighted

the House and the country by the amusing patriotic

statement that " It would not be possible to find in any

European University forty mathematicians equal to the

Wranglers in the Cambridge Mathematical Tripos, or

twenty classical scholars to compare with those who
stood first in the Classical Tripos at Cambridge or in the

School of IJtcra Humanioyes at Oxford ; " and with

an equally cheerful indifference to the facts Mr. Lowe
replied that the teaching of the Universities was " simply

disgraceful." When we add that there was much dispute

v.hether the glories of Lord Macaulay, who was not " a

resident fellow of Trinity College, Cambridge," should be

credited to that University, and that Sir William Har-

court was delighted to hear that an overworked judge

like Sir Alexander Cockburn could find time, in spite of

his work, to undertake the arduous office of chairman,

which would require the " constant and daily attention of

one having entire and absolute leisure," we sum up most

of what was interesting and novel in the discussion before

going into Committee.

On two questions, however, which are of speculative

importance, much incidental light was thrown. The
Bill gives large enabling powers to the Commissioners, and
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although, as " An Oxford Man " pointed out in Nature
(vol. XV., p. 391), it is very doubtful whether large reforms

can be effected even on the initiative of a strong-willed

and clear-headed Commission ; it is perfectly certain that

little or nothing can be done if the Commissioners are

feeble and without origination. In their preparation of

schemes for each of the forty colleges they are to be asso-

ciated with three residents from the college itself, and it

is only from the colleges that they can get money to effect

any reforms. It is important therefore to understand

what are the views of the Government with regard to the

reforms which are practical or possible, because it is to

advance these views that the Commissions have been
selected. Afterwards, everything depends on the Com-
missioners themselves, on the spirit in which they have

undertaken their task, and on the diligence, ability, and
discretion with which they are likely to execute it.

The Opposition offered no formal objection to any of

the names proposed by the Government, but they sug-

gested the addition of three names to the Oxford and of

tivo names to the Cambridge list. For Oxford they

proposed Prof. Ba.tholomew Price, Prof. Huxley, and
Prof Max iMiiller, and for Cambridge Dr. Bateson, the

master of St. John's College, and Dr. Hooker, the presi-

dent of the Royal Society. The addition of these names
would have greatly strengthened the Commissions, and
those who are anxious to see the Universities question

treated in a generous spirit and v/ith a wide knowledge
of the subject might have been reasonably hopeful of

good results. To our mind it is a fatal objection to the

Commissioners as they stand that they include no mem-
bers who are not alumni of the Universities on which they

are to sit. Prof. Huxley and Dr. Hooker would have been
of the utmost service, because they would have approached

University questions from the point of view of men whose
lives have been spent outside the Universities. It is

certainly important for the Commissioners to have a prac-

tical acquaintance with working details, but that would

surely have been sufficiently guaranteed by the presence ot

nine University men on each Commission even though one

outsider had been added to each. Prof. Huxley has sat

on the Scotch Universities Commission, and has had the

largest experience of teaching at unrestricted institutions

like the School of Mines and South Kensington. Dr.
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Hooker and he would have strengthened the hands of

those who wish to sec science represented in our liigher

education, and the addition of their names would cer-

tainly not have upset the balance of the Commission, as

Prof. Price, Dr. Bateson, and Prof. Max Miiller, would

have adequately maintained the interests of the older

studies. Surely, when we are setting about the reform of

our universities, we want all available information about

the systems of foreign countries, and Prof. Max Miiller

could have told the Commisiioners many things they

have not learnt from their own experience of Oxford and

Cambridge. The refusal of the Government to add any

names to the original list was an unfortunate sign of the

spirit in which they have framed it, and of the attitude

in which the Commissioners will face the prolslems before

them. Ministers were successful, but their mijorities were

so small as to show that the sense of the few members who

will not consent as partisans to vote on such questions was

decidedly against them. They carried thei: point by 11,

34, 24, 26, 32 votes on the successive divisions. After

their success nobody will care much what becomes of a

bill which is meant to change as little as possible, when

every crevice that could let in light from the outside

world is carefully stopped against it.

The speech of the Secretary of Wai", who is Member
for the University of Oxford, and the general tone of the

debate, clearly confirm these anticipations. There will

be a slight restriction of the " prize fellowships," the new

Government name for the " idle fellowships " of Lord

Salisbury. There will not be a great extension of the pro-

fessoriate, provision even having been made for the amalga-

mation of several professorships into one. Some money- -

5 per cent, from some colleges, 10 per cent, from others,

r.othing perhaps from a third class—will be taken from

the colleges for university purposes. There is a provision

"for the extension, not for the suppression," of scholar-

ships. Only the superfluities ofthe colleges are to go to

the University, and Mr. Hardy has never had but one

opinion on "what some people called the endowment of

research." He did not state that opinion so frankly as

Mr. Trevelyan, but there was little doubt from the tone of

his remarks that it was substantially the same :

—

" It was a mistake, therefore, to assume that we could
create in men such qualities by merely endowing old men,
and in his opinion it would be better to throw the funds

of the Universities into the sea rather than to bestoiv

them in the manner which had been proposed. The
people whose prayers the House should listen to were the

practical teachers of the University, who were bound to

celibacy, and who asked them to make their career a
better one, to give them a reasonable income, and to

allow them to marry without being compelled to resign

their positions. These gentlemen would have six months
in the year, which they would be able to devote 10 the

pursuit of science and literature. What they had to do
was to find men for the places, and not places for the

men. He begged them to consider well before they

created a sort of hierarchy of sinecures and semi-sinecuics

which unless human nature was radically altered by this

Bill would only lead to academical jobbery and intellectual

stagnation."

No doubt the wholesale conversion ofthe fellowships of

residents and, for that matter, of nonresidents into profes-

sorships, created in a doctrinaire spirit, and apart from the

gradual development of literature and science, would be

recklessness and folly. Nobody in his senses v/ants such
a thing. The real note of despair in the whole debate
is that Oxford and Cambridge wish to be let alone, and
Oxford and Cambridge men in the House are determined
that they shall be let alone to consider every question as

it comes up from the mere local point of view of Oxford
and Cambridge. The jealous exclusion of outsiders is

the surest proof of the intention of the framers of the bill

and the clearest prophecy of its issues.

The Committee made no real alterations in the bill.

There was a desperate attempt to maim it by striking out

even the possibility of endowments for research. It was
resisted and defeated by an overwhelming majority. Mr.
Hardy said " the noble lord and the hon. gentleman
seemed to be under the apprehension that if research

were brought into the University education would be
driven out. On the contrary, he held that no teaching

could be successful that was not founded on the most
minute research. There were, no doubt, many subjects

of research which by their nature were not lucrative to

those who prosecuted them but the prosecution of which
was of great ' importance to education throughout the

country, and especially to th3 University in which they

were carried on. There was, however, no intention to carry

research to the extravagant lengths which some speakers

and writers feared would be the case, and vhich would
utterly pervert the purposes of the University. So far

from diminishing the educational power of the Univei'-

sity, that which was proposed would give to education a

more solid basis than it now possessed." Mr. Trevelyan

accepted Mr. Hardy's statement as "in all respects satis-

factory," and added a remark none the less valuable that

it is almost a truism, " They could not have a University

where education was proceeding without research proceed-

ing at the same time." The Commissions will thus be left

at liberty to use the funds they can detach from the Col-

leges for the endowment of research. But " Researchers,"

as Prof. Sylvester calls them, will not for many years to

come, grow very fat on the good things of Oxford and
Cambridge.

DEEP WELL-BORINGS IN LONDON
1""HE constantly increasing wants of our English metro-

polis were very amply provided for during all the

earlier stages of its history by the stores of water con-

tained in the extensive beds of gravel lying within the

Thames Valley. These stores of water could be reached

by means of shallow wells, and all the ancient and famous

pumps of our city drew their supplies from this source.

But, as the popul.ition of the district increased, the

value of this source of water-supply became greatly im-

paired from two causes ; firstly, the e;:cessive drain upon

it, caused by the rapid multiplication of wells ; and

secondly, the pollution of its waters by the refuse-matter

of a great city.

Hence it became necessary to seek for new sources of

water-supply, and the success which had already attended

the construction of Artesian wells in the Tertiary districts

of Northern France, led to attempts being made to obtain

supplies in a similar manner by putting down borings

through the impervious London Clay into the water-

bearing beds of the Lower London Tertiaries.
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For a time the quantity of water thus obtained, as at

Merton, Garrett, and many other points, seem to have

induced the belief that an inexhaustible source of the all-

essential element had been discovered ; but the rapid

multiplication of these Artesian wells soon revealed the

fact that the new and valuable stores had their limit, and

that this limit was being very rapidly approached in con-

sequence of the excessive demands which were now being

made upon the new source of supply. The deepening of

the wells, by which means water was drawn from the

Chalk, as well as from the Tertiary strata, promised, how-

ever, to do something towards staving off the evil day

when London would no longer be able to depend on

drafts being honoured by her great subterranean bank.

Such was the state of the question when Mr. Prestwich,

now the Professor of Geology in the University of Oxford,

undertook its complete investigation as an important

geological problem. No one more competent for the

task could possibly have been found, for during many
years Mr. Prestwich's studies had been devoted to the

Tertiary deposits of the London and Hampshire basins
;

and his great work—" A Geological Inquiry respecting the

Water-bearing Strata of the country around London, with

Reference especially to the Water-supply of the Metro-

polis," which was published in 1851—is a masterpiece of

minute observation and close and accurate reasoning.

More than this, the geologist points to the work with

pardonable pride, as affording convincing proof that his

science has now acquired a character for exactness, analo-

gous to that which is justly regarded as the crowning

attribute of astronomy. After a most elaborate study of

the nature and relations of the various strata which crop

out all round the London Basin and of the disturbances

to which they have been subjected since their deposition,

Mr. Prestwich ventured on a bold p)cdictio)!, namely,

that the Chalk beneath London would be found to have a

thickness of 650 feet, the Upper Greensand of 40 feet,

and the Gault of 150 feet. (Op. cit. p. 142.)

At the time when this announcement was made no well

in London had been sunk to a greater depth than 300 feet

in the Chalk, but now we can appeal to no less than four

deep borings in the metropolis, which afford the most

convincing proof of the reliability of the data, and the accu-

racy of the reasoning by which Mr. Prestwich arrived at

his interesting results. For the sake of distinctness, we
place the estimated and determined results side by side

in a tabular form :

—

M r. Prestwich's Estimate.

Boring at

Kentish
Town.

Chalk 650
Upjjcr Gieensand 40
Gault 150

645
1 1^

646
12

148

050
40

(?)

iJoi'iDg at
Meux's
Brewery.

653
28

159

called " Lower Greensand," would in the future afford a

most valuable underground source of water-supply to our

overgrown city.

But in 1855 Mr. Godwin-Austen brought before the

Geological Society of London his masterly essay " On
the Possible Extension of the Coal-Measures beneath

the South-Eastern Part of England," in which he an-

nounced the conclusion—based on a most elaborate study

of the geological structure of the South of England and

the adjoining portions of the Continent of Europe— that

an old ridge of Palxozoic rocks underlies the line of the

Thames Valley, and is only concealed from us by the

Upper Cretaceous strata.

Mr. Godwin-Austen's announcement was as strikingly

verified as was that of Mr. Prestwich ; for, in the same

year that it was made, a boring at Kentish Town which

passed through the Gault, reached a curious series of red

rocks which are now believed by geologists to be either a

portion of the old Pateozoic ridge itself, or a set of litto-

ral deposits formed upon its flanks. And in 1857 the

deep boring at Harwich afforded still more unmistakable

evidence of the existence of this old Pateozoic ridge in

the fact that black slaty rocks were found immediately

below the Gault clay.

Although the old ridge of Pakeozoic rocks must thus

limit the area of the available water-bearing "Lower
Greensand " beneath the metropolitan district, yet Prof.

Prestwich has constantly argued that very large and

valuable supplies of water will yet in all probability be

obtained from the latter source.

Hence it is that the endeavour to tap this great subter-

ranean reservoir, which is now being carried out in such

an enterprising spirit by the Messrs. Meux and Co., in

the Tottenham Court Road, is attracting so much atten-

tion from geologists and engineers. The nodular beds at

the base of the Gault were reached at a depth of 999 feet

from the surface, and some sixty feet of rock below has

since been penetrated. The splendid cores brought up

by the diamond-borer are at once submitted to Mr.

Robert Etheridge, the palaeontologist of the Geological

.Survey, who is carefully studying every trace of fossils

which they exhibit. At present there are very strong

grounds for believing that the " Lower Greensand " has

been reached, and we soon hope to be able to announce

that the new source of water supply, so long ago pointed

out by Prof. Prestwich, has at last been made available

for the ever-increasing necessities of this great city.

J. W. JUDD

When it is remembered that the Chalk graduates down-

wards insensibly into the Upper Greensand, and that

it is almost impossible to decide on their line of sepa-

ration in the cores brought up by boring operations, it will

be admitted on all hands that the agreement between the

estimated and proved results is marvellously close.

One of the most important conclusions of Mr. Prest-

wich's work was that the strata below the Gault, the so-

LATHAM'S ENGLISH DICTIONARY
A Dictionary of tlic. English Langnos^c. Abridged by

the Editor from that of Dr. Samuel Johnson, as Edited

by Robert Gordon Latham, M.A., M.D.,&c. (London :

Longmans and Co., 1876.)

WE consider ourselves justified in reviewing an

English dictionary in these pages for two reasons
;

first, because the method of its construction ought to be

rigidly scientific, and second, because a large proportion

of the words in any modern English dictionary must

necessarily be scientific terms.

It is admitted by all competent to pronounce an opinion

that there is ample room for a new dictionary of the
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English language ; that when Dr. Latham undertook the

task for which his attainments so well fit him, he had an

e>:cellcnt opportunity for doing a splendid service to our

tongue and making for himself a lasting name. The only

dicdoniiies that make any pretence to exhaustivenesss,

Webstei-'s, Worcester's, and ihe Imperial, with all their

merits, come far short of what an ideal national dictionary

should be, and they cannot for one moment be compared

with Littrii's mai^nuin opus. Webster's etymology is ex-

tremely unsatisfactory and misleading in its method, the

vocabulary is a conglomeration on no principle, and the

defmitions are too frequently unmethodical. We consider

Worcester in some respects more satisfactory, more scien-

tific in its method than Webster. The Imperial is rather

a small encyclopedia than a dictionary, minute descrip-

tion frequently giving place to definition, and the vocabu-

lary being much fuller than that of any existing dictionary.

This feature, however, seems rather to be the result of a

desire to crowd in as many words as possible than of

any well-considered scientific plan. The etymology of

the Imperial might almost have been written a century

ago. Thus Dr. Latham had a splendid field before him,

and Littre has shown what one man is capable of doing

in the way of dictionary-making. We need not for the

hundredth time contrast his work with the endless pot-

tering of the French Academy. Perhaps it scarcely needs

to be proved that in the construction of a dictionary, as

in most other great undertakings, failure will surely be

the resu'.t unless one -competent man has the supreme

command.
The wotk before us is an abridgment of Dr. Latham's

larger work in four quarto volumes. The abridgment

has been made mainly by the omission of the illustrative

quotations which form so large a feature in the larger

work, and of certain disquisitions on extremely minute

points which occur during the progress of the work.

Many will be of opinion that the omission of the latter is

distinctly beneficial ; they are too frequently little else

than laborious trifling. The omission of the quotations

is, no doubt, a disadvantage ; they bear the same relation

to and throw the same light on the definition that speci-

mens do in the case of geology and experiments in oth^r

sciences. A very few have been retained, and it would

have been an advantage had there been many more, as

there might easily have been had the various meanings

under each word been run on instead of being para-

graphed.

Dr. Latham calls his dictionary a new edition of

Johnson ; if it were only this it would be at once a

confession that the work was an anachronism. To bring

the heroic old compiler's work up to date would re-

quire quite as much labour as Johnson bestowed on the

original ; and as Dr. Latham's work has so much that

is new in all departments, we must regard its title as

mainly an act of courtesy to the memory of " the great

exicographer." As the abridgment contains] all the

vocabulary of the larger work, the two in this respect may

be regarded as identical, and from its size and price, the

larger work is evidently meant to be a practically com-

plete English dictionary.

Dr. Latham's vocabulary is of course much more

extensive than that of Johnson. He has read largely in

modern works in all departments of literature and

science, and thus been able to register many words that

did not exist in Johnson's time, as well as many new
meanings that have been given to old words. The con-

sideration of vocabulary is probably the most serious

that comes before any one who sets himself to the labo-

rious task of compiling a dictionary. His duty is certainly

to set down all words used by reputable writers. But is

this all? How far back is an EngUsh dictionary-maker

logo? to Spencer or to Chaucer? Mr. Freeman might

possibly say to " Beowulf." Who are to be considered
" reputable " writers ? Should only '• reputable " writers

be taken into account ? And shoald no word that has

not been printed in a regular way be admitted ? How
far should slang terms and provincialisms, including

Scotticisms {pace Prof. Blackie) be admitted ? Again,

what is to be considered literature ? Must all science be

excluded, and the vocabulary be confined to such words

as occur in poetry, belles lettres, history, philosophy ?

These and many other questions must be settled at the

very outset by the compiler of a dictionary making any

pretence to completeness, and we are glad to see that, to

a considerable extent, Dr. Latham his settled them on

the liberal side. His aim has apparently been to make a

work that would be useful to people of wide culture and

general reading, and he has interpreted the English lan-

guage to be the language used by the people of England

in expressing their thoughts on the varied subjects that

engage their attention.

We are at a loss to discover the principle, however, on

which Dr. Latham has compiled his vocabulary. He has

certainly inserted a large selection of scientific terms, but

the selection appears to us to have been made in a capri-

cious and arbitrary manner. Pie has, for example, given

many of the technical names of the divisions and sub-

divisions of the animal and vegetable kingdoms, but it is

not easy to see by what clue he has been guided. Why
should Raptores and Natatores find a place while Scan-

sores, Insessores, and all the other avian orders are

omitted ? Is it that the tivo former have been de-

tected by Dr. Latham in some ' literary " writer, v/hile

he has failed to come across the latter? Even Am-
phibia and Amphibian find no place, nor the adjective

Avian. We find Infusoria and Cetacea, and Mono-
tremata, but no Rodt.itia nor Carnivora, nor a host of

other names even more likely than those capriciously re-

gistered to be inquired for by readers of works of popular

zoology. It is a very nice question whether this class of

words should be admitted <at all into an English dic-

tionary, but if it be decided affirmatively the only satis-

factory scientific method is to admit all. A generic

name {e.g., Dion^ea) in this respect is quite as important

as that of the largest subdivision in zoology or botany.

The defects of the dictionary are eqjally apparent in

other scientific departments. We find Oolitic and Triassic

and Drift, the last in some detail, but not Laurentian nor

Cambrian, nor such a common word as Pothole. Bio-

genesis, Abiogenesis, Heterogenesis, and Bacteria are

conspicuous by their absence ; as are also Eozoon, Atoll,

Globigerina, Hipparion, and .-Vmphioxus : Lepidosiren is

given in some detail. To Basin no geological meaning
is assigned. Pateozoic (with a bare reference of

Cajnozoic and Mezoic) is found, but not Azoic ; Per-

mian, but not Devonian, Silurian, or Purbeck ; Laby-
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rinthodont but not Pycnodont. We have Protoplasma

but neither Protoplasm nor Protoplasmic. Photosphere

we find, but not Chromosphere, nor Corona in its

solar application, and neither Hehostat nor Side-

rostat. The dictionary contains various terms in elec-

tricity and magnetism, but not Magneto- Electric, Electro-

Biology, Ouantivalence, Anode, nor Cathode. Darwinian

and Darwinism, long since used as current common
terms, find no place here ; and no one would guess from

the definitions of Evolution and Development the im-

mense significance which these terms have assumed in

recent times.

We could give many instances of similar caprice in the

admission of scientific terms, but our space does not

admit of it. But it is not alone in this class of terms

that the vocabulary appears to us to be defective ; many
words are wanting which, we venture to think, any man
of common sense would look for in a modern English

dictionary of the pretensions of that edited by Dr.

Latham. Under Mule a reference is made to the spin-

ning-jenny, but under neither Spinning nor Jenny is the

use of the term explained. Readers of Arctic narratives

will look in vain for an explanation of Ice-foot and Ice-

master, and the reader will not be surprised at the omis-

sion of Snider, Whitworth, and Mitrailleuse. Can any

sound reason be given for omitting such a word as

Croquet ? And where are we to look for an explanation

of such national terms as Over and Bye, if not in the

most recent of English dictionaries, which registers the

'"cricketal" signification of Stump? The work is evi-

dently not meant for circulation in America, if we may
judge from the absence of all Americanisms, even those

which have become current coin in the English tongue,

such as Bunkum, Caucus, Mocassin. Might not such

words as Ecchymosis and Deoppilation have been spared

(who is likely to look for them ?) in favour of some or all

of the terms referred to. Many words found in Tennyson,

Morris, and Swinburne are marked as " obsolete,"

showing the danger of using the epithet at all.

The etymology seems to us unsatisfactory. To words
whose origin is simple and obvious two or three lines are

sometimes devoted ; while of others whose etymology is

certain enough, but which it would have taken some time

and trouble to trace, no satisfactory information is given.

What satisfaction is it to be told simply that Abandon
comes from French, abandoitncr, especially when the

history of the word can be so beautifully traced ?

There is a like want of proportion in the definitions,

which are in most cases extremely meagre, but in some
cases capriciously and unnecessarily diffuse. In the ar-

rangement of the various definitions under each word,

moreover, we fail to discover, as a rule, any logical or

historical method. In this as in some other respects

Dr. Latham has stuck too closely to the old lines of

dictionary construction, and missed the opportunity of

compiling a work which might have cast all other similar

works into the shade. We cannot say that it has de-

throned either Webster or Worcester, unsatisfactory in

many respects as these are ; and there are two or three

smaller and cheaper dictionaries, which we venture to

think would be more useful to the general reader.

The field is still unoccupied, for Dr. Latham's work can

never, in our opinion, serve as the standard dictionary of

our language. The work is handsome and well printed,
and the " Historical Sketch of the Enghsh Language"
is thoroughly satisfactory.

GUILLEMIN'S ''WORLD OF COMETS"
The World of Comets. By Amddife Guillemin. Trans-

lated and Edited by James Glaisher, F.R.S. (London

:

Sampson Low and Co., 1877.)

MR. GLAISHER mentions that he was anxious that

M. Guillemin's interesting work upon comets should
appear in our language, from the fact of there not being
so far any volume that occupied the ground covered by it,

while, it may be added, that the recent important advances
in this branch of the science renders a pretty complete
summary of progress in late years a most desirable help
and guide to the student, scattered as the reports of such
progress almost necessarily are in the publications of
scientific societies and in periodical scientific works at

home and abroad.

The greater portion of the volume before us relates to

those particular departments of the subject which may be
expected to interest the general reader. The historical

portion, especially in the earlier ages, when comets were
regarded as omens, good or bad, to the time when Newton
developed the laws by which their motions are governed,
naturally commences the work; then follow chapters
upon their orbits, the periodical comets from the short

revolution of Encke's comet, to the revolutions of several

thousands of years which have been assigned with a
greater or less degree of probability to other of these
bodies; mere particular descriptions of several great
comets in recent times, as the comets of 1744, 181 1, 1843,
1S58, 1861, and the great comet of Coggia in 1874, which
made its appearance just prior to the publication of M.
Guillemin's treatise. It is, however, in what we must
term cometary physics that the volume is most com-
plete, and in which its interest and probable usefulness
will mainly consist. The theories of Olbers, Bessel, Faye,
Roche, Tyndall, Tait, and others are noticed in a popular
and readable style, and are fairly considered collectively,

though differences of opinion must still prevail with regard
to any inferences to be drawn from them. The researches
of Dr. Huggins, Prof. Secchi, MM. Wolf and Rayet, in

the spectral analysis of the Hght of comets, and particu-

larly of Coggia's Comet of 1874, are described, and to

these results, as collected by M. Guillemin, Mr. Glaisher

has added an important article by Mr. Lockyer, which
appeared while the great comet of 1874 was still visible,

and in which are detailed the results of spectroscopic

examination of the light of the comet with the aid of Mr.
Newall's great refractor. The editor has also made some
very desirable additions to M. Guillemin's chapter on
"The Common Origin of Shooting Stars and Comets."
The work concludes with a list of elliptic comets and

their elements and with a general catalogue of cometary
orbits to 1876.

We have said that probably the chief interest and value

of M. Guillemin's "World of Comets" will be found to

consist in the extensive portion of his volume devoted to

cometary physics, to the theories which have been ad-
vanced to explain their varied aspect, and the formation

of the enormous trains by which some comets are accom-
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panied. The comets of short period—a most interesting

class—might well have been treated in somewhat greater

detail, and in this division of the work we note several

oversights. Thus it is stated that the researches of Dr.

Axel Moller upon the motion of Faye's Comet, show that

that body sujiports the theory of a resisting medium, first

supposed to be indicated by Encke's investigations relat-

ing to the comet which bears his name ; but as long since

as the year 1S65 Dr. Axel Moller had relinquished this

idea, and from a rigorous discussion of the observations

at the first three appearances, alluded to by M. Guillemin,

had succeeded in representing the observations by the

simple application of the planetary perturbations, with-

out any hypothesis whatever, and his later researches

have also negatived the existence of any trace of the

effect of a resisting medium upon the motion of this

comet. There is some ambiguity in the definition of the

element u, or the longitude of the perihehon in the orbit

of a comet ; from the explanation given by M. Guillemin

it might lather be inferred that the longitude is reduced

to the ecliptic, which is not the case. The comet dis-

covered by De Vicoat Rome, February 20, 1S46, is dupli-

cated, appearing first on p. 140 with a revolution of fifty-

five years, and again en p. 143 with a period of seventy-

three years ; the former period resulted from one of the

earlier calculations. Pigotl's comet of 1783 is named
amongst the contents of a chapter p. 133, but there is no

further reference to it. In the catalogue of orbits, there

are several cases since the year 1S66 where the inclina-

tion has been reckoned overgo", as is frequently the case

amongst the German computers, and with the unnecessary

addition of the letter R in the column headed "direction

of motion." To render these orbits consistent with the

method hitherto in general use, and indeed adopted

exclusively in the preceding part of the catalogue, the

inclination jiven requires to be subtracted from iSo', and
for the longitude of perihelion given in the fourth column,

2 a — TT, should be substituted.

These, however, are small defects which may easily be

avoided in a future edition. As a whole, M. Guillemin's

"World of Comets "must prove a welcome aid to the

student on entering upon this branch of astronomy.

J. R. HlXD

OUR BOOK SHELF
Foivncs's Inorganic Chcmistiy. Edited by Henry Watts,

B.A., F.R.S. Twelfth Edition. (London : Churchills.)

In the present edition of this well-known manual the
publishers have, wisely as we think, determined to divide
it into two parts. In its old form the work had grown to

be as unhandsome and cumbersome a volume as could
be well imagined ; like an overgrown yeast-cell it was
obviously getting too big to hold together much longer,
and many a student on his way to and from the lecture-
room must have wondered, as he struggled to get the
thick squat book into a comfortable carrying position,
why ihe process of gemmation was so long delayed.
The present volume, which treats of ph)sical and inor-

ganic chemistry, contains a considerable amount of new
matter, and may be regarded as an accurate representation
of the present state of knowledge on these subjects. Among
the more important additions we may mention an account
ofMendeleerVs Laws of reriodicity,'anda very good digest
of what is known concerning the new metal gallium
and its compounds ; this clement is associated with
indium, with the probable atomic weight 68, as already

indicated by M. Mendeleeff. The position of the cerite

metals is also determined in accordance with the specific-

heat estimations recently made by Hillebrand. On the

other hand, it may be doubted if iodine tetrachloride has
any real existence, and Michaelis has proved that the
reaction 3PbS0, + 2POCI:; = 3S02CI.^ -f PbgP.Oj is not
realised in practice. On the whole, however, the work
fully maintains its reputation as a faithful exponent of
the state of contemporary chemical knowledge. T.

The Microscopist : a Manual of Microscopy and Conipen-
diuni of the Microscopic Sciences. Third edition. By
J. H. Wythe, A.M., M.D. (London : Churchill, 1877.)

It is now some twenty-five years since the first edition of
this work appeared, and as the author himself remarks in

his Preface, it is no small compliment to a work of this

kind that for so many years it should hold a place among
works of reference, although surrounded by larger and
more pretentious volumes. For this third edition the

book has been entirely rewritten, the advancement of mi-
croscopical science having naturally rendered consider-

able enlargements necessary. Still the work retains its

principal qualities as before, viz., the precise and clear

language, the absence of all unnecessary verbiage, and
last but not least, the excellent arrangement of the con-
tents. Thus after a brief reference to the history and
importance of microscopy, we have able descriptions of
the microscope itself and its accessories, followed by
general remarks on its use and the more modern methods
of microscopic investigation. Then, after a short chapter
on the mounting and preserving of objects, we come to

well-written and richly illustrated treatises on the appli-

cation of the instrument in the difl'erent sciences, each
science being spoken of in turn and in a separate chapter.

For the beginner this arrangement is of special value, as
it enables him quickly to form a general idea of the whole
domain of microscopy. Mineralogy and Geology are

followed by a chapter on Microscopic Chemistry ; then
the author treats of Microscopic Biology, devoting a
chapter to Vegetable Histology and Botany, one to Zoo-
logy, the next to Animal Histology, and the last to

Practical Medicine and Pathology.
The illustrations are original to a great extent ; many

also are taken from the works of Carpenter, Frey,
Strieker, Billroth, and Rindtleisch. The larger plates, of
which there arc twenty-seven, are particularly well drawn,
and add greatly to the general excellence of the work.

LETTERS TO THE EDITOR
[T/ie Editor does not hold Jiimsdf responsible for opinio)ts expressed

by his correspondents. Neither can lie nndeita/;e to return,

or to eorreipond with tite writers of, rejected manuscripts.

No notice is talcen of anonyjuons commutiicatioiis.

The Editor urgently requests correspo7idents to kap their letters as

sliott as posiible. The presnire on his space is so great that it

is impossible otherwise to ensure the appearance eviti of com-
munications containing interesting and novel facts.]

Hog-Wallows and Prairie Mounds

Judging from the desciiptions of these deposits, they must
be nearly, if not quite, identical widi ihose which I described in a
paper on " The Ancient Glaciers North and East of Llangollen,"

read at the British Association, 1S65. These are a series of

heaps of glacial drift covering more or less completely the

habitat of Cheshire Cheese, i.e, the Vale Royal itself, and the

slopes which extend from it to those Welsh Mountains that are

so piominently seen from Chester. These mounds vary in size

and shape according to their posiiion. They are very well-

defined and numerous in the valley of the Alyn, between Wrex-
ham and Mold, where they have the form of oblong hog-back
mounds usually lying parallel to each other with their longer

axes (if I may use the term) nearly at right angles to the general

slope of the surface. They may be counted by hundreds, and in

some pavts are so near together as to form a series of connected
undulations. They are largest and most abundant upposiie the

mouths of the lateral valleys opening into the m.iiii valley of the
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Alyn. Their origin is well indicated in these positions, by the

manner in which they lie opposite the mouths of the valleys at

right angles to the course of the presertt streams.

The most remarkable of all these is a lonj; ridge running
parallel to the Great Western Railway near Gresford. It is

marked and shaded on the ordnance geological map. Bailey

Hill, Mold, is another. This is altiiliuted to the Danes

—

described in the guide books as a Danish fortification. I have
proved the glacial origin of these mounds by finding in them
striated subangular boulders, that have travelled considerable

distances ; such, for example, as large blocks of the Llanarmon
limestone, and rounded lumps of curly cannel, that miist have
crossed the lidge of ihe Hope Mountain, the height of which
varies from yx> to Soo feet above the Leeswood and Tryddn
valleys from which the coal must have been carritd. On one
occasion, during the construction ot the Wrexham Mold and
Coniiah's Quay Railway, I saw a large fire blazing in a navvy's

shed, and upon e.xamination found that the fuel was curly

cannel they had found in making a cutting. They described

this find as two pieces, each one " bigger than a man's head."
I brought away an unbt;rnt fragment of about 2 lbs. weight. It

was a subangular corner, smoothed and faintly striated. The
nearest cannel seam to this place—which is over the millstone

grit—is about four miles, with the Hope Mountain intervening.

A curious example of the unexpected bearings of scientific

investigations upon commercial interest was presented by these

cannel boulders. Two or three years before I commenced the

study of the ancient glaciation of this district, Mr. W. C. Hussey
Jones had proved the value of this curly cannel as a source of

paraffin, and what are called paraffin oils, &c. Great excitement

resulted, and a great rush was made to " the Flintshire oildorado."

This curly cannel was sold at prices varying from twenty-five shil-

lings to thirty shillings per ton at the pit's mouth, while the price of

ordinary main coal was only six shillings. The owners of this

cannel, or holders of leases or "taknote3,"givinga licence to w-ork

it, made large sums of money (as much as So,ooo/. was paid for the

transfer of one lease), and consequently great search was made
for new seams. Among the searchers were the farmers, land-

owners, and outside speculator;, who commenced boring and
sinking and foiming companies for cannel mining in the regii n
covered by these "hog wallows;" the evidence upon which
their expectations were based being the discovery of pieces of

cannel on or near the surface, turned up by the plough or other-

wise. Many thousands of pounds v.'ere thus wasted. One very

worthy man, that I knew very well— a hard-working Welsh
farmei—spent the savings of a whole life-time in searching

for cannel on his farm, where he had frequently turned up frag-

ments in ploughing. His death speedily followed his ruin.

There were many other similar cases. Had I commenced my
investigations three years sooner I might have explained the

strange and apparently incomprehensible anomaly of Leeswood
cannel being found on the south side of the Chester and Mold
Railway, and in the neighbourhood of Caergwrle, in spite of an
intervening ridge of mountain.
One very curious and instructive feature of these mounds is

their change of shape as we proceed from the hUl slopes towards

the great plain known as the Vale Royal, which was formerly a

great estuary or fjord of the Dee. Instead of the long and

rather steep hogback ridges we now find a general outspreading

deposit dotted here and there rather sparsely with obtuse conical

mounds, so obtuse and so much disturbed by agricultural opera-

tions that they can only be detected by careful observation.

My explanation of these differences is that the glacier which
planed the millstone grit of the Hope Mountain by sweeping

over and around it, originally spread out upon the waters cf the

estuary now forming the Vale Royal, and thus formed Ihe out-

spread deposit ; that it afterwards receded, and the icebergs that

broke off and floated away from it were stranded here and there,

thawed, deposited their contents, and thereby formed the

mounds ; while the oblong ridges mark the final step-by-step

recession and oscillations of the dying glacier, which formed

them partly as terminal moraines, and partly by ploughing up

and thrusting before it, in the course of its advancing oscilla-

tions, the previously deposited glacial drift. I throw out these

speculations suggestively, to be taken for what they are worih
;

they fit the facts well enough so far as I have been able to study

them, but the main object of this letter is to direct attention to

this and other corresponding deposits near at home that appear

to me to be worthy of further investigation, especially by resi-

dents in the neighbourhood and the members of local field-

clubs, &c. The Liverpool Naturalists' Field Club paid a visit to

the district while I lived there, and I showed the geological
members some of these deposits. W. Mattieu Williams
Belmont, Twickenham, April 24

It is appatent from Prof. Le Conte's description of the prairie
mounds (Nature, vol. xv. p. 530) that the drift mounds figured
and mtntioned by me (vol. xv. p. 379) have quite diflerent
origins. The prairie mound would seem to be somewhat similar
and have the same origin as a tussocky bog or mountain. The
lormation of a tussocky bog has been described in " Valleys and
their Relation to Fissures, &c.," p. 14. A tussocky mountain
is similarly formed very hot weather cracks the peaty up • r ^r.U

forming deep fissur^-s ; while subsequent weathering chan_ :.u .

portions between the fissure into small hil s. I lately saw en
the coast of Wicklow a considerable area of .-Eolian dnft of this
hummocky nature ; the hillocks being about four feet high.
They were so regular as to have the appearance of being moulded
from one model. These could not possibly have their origin in
fissures ; but they seemed to have a connection with bunches of
bent, round which the wind collected heaps of sand. But again
why should the bunches of this grass grow at regular intervals ?

In the same neighbourhood some of this .'Eolian drift is piled in
long parallel ridges, about five or six feet high, and having quite
an artificial look. These evidently are wind formed ; but how it

is hard to conjecture, as they run oblique to the prevailing and
most effective winds. G. II. Kinahan

Ovoca, April 24

Greenwich as a Meteorological Observatory

In Mr. Buchan's objections to the hypothesis that the tempera-
ture of Greenwich is raised by the proximity of London one
most important consideration has been omitted. Granted that
the mean temperature of the summer months, June to September,
is C'g higher at Greenwich than at the eight other stations re-

ferred to, it does not follow that this alone is the cause of the
higher average temperature at the former place. Greenwich
occupies a position farther from the Atlantic and nearer the
Continent than the majority of the selected stations, and we
might therefore expect to find it subject not only to a higher
temperature in summer, but also to a lower temperature in

winter. If this be so, the excess which Mr. Buchan admits may
be accounted for by the raising of the mean winter temperature
from artificial causes ; and this view of the case seem to be con-
firmed by observation. The station at Leyton, Essex, supplies

the requisite data ; for, although near London and rapidly in-

creasing in population, it is, or rather was, in a country district

when the observations were made. It is situated on the verge
of Epping Forest, is separated from London by the Hackney
Marshes, is rather more than 6| miles in a direct line from St.

Paul's Cathedral, from which Greenwich is 4i[ miles distant, and
is 7 miles nearly north of the last-mentionsd place. The meteoro-
logical observations were undertaken with the express intention

of comparing them with those at the Royal Observatory, with
which object the instruments were mounted on a stand precisely

similar to the Greenwich stand, and the exposure was unexcep-
tionable. The comparison relates to the daily maximum and
minimum temperatures for the three years ending November,
1863. The average was at Greenwich 5°^'4> -Leyton 49°'9.

Allowing for elevation, the results are :

—
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heat of London sensibly affects Greenwich, mostly by raising the

temperature of the air in winter and at night, when it might be

expected to do so with the greatest effect ; and that the tem-

perature at Greenwich by day in summer is depressed by the

smoky atmosphere hindering the transmission of the sun's rays

when they are most potent. II. S. Eaton
Croydon, April 24

Ancient Characters at Cissbury

Two years ago some marks were discovered at the entrances

of galleries in one of the pits at Cissbury, which appeared to

h.-ive been scratched on the chalk with a flint instrument. They

were suspiciously like figures or masons' marks, but yet had all

the tints of age, and resembled more or less early letters.' The

little woodcuts I /C , . I |S represent the forms with sufficient

exactnes'. Other marks found shortly afterwards in a second pit

were thought to be merely a trellis pattern. In attempting to cut

them out of the rock, the chalk wus broken into fragments, but

fortunately rubbings had been previously taken.

The doubt as to the genuineness of the above marks was

removed by the further discovery, in September, 1875, of a third

set (again at the entrance of a gallery) in another pit at Ciss-

bury Camp. They were arranged in two lines, the lower one

presenting all the appearance of an inscription. A number

of detached blocks, with distinctive marks upon them, weie

found in this pit amongst the ru'nble with which it was filled.

One of these blocks, which was discovered about five feet below

the surface, had four definite marks scratched upon it at even

distances.

Up to the time that this third pit was opened no distinctive

marks had been met with, except those above-mentioned, though

there were many thousand accidental pick-marks on the walls

and loose chalk.

I have now the satisfaction of mentioning that upon examining

with more care the marks found in the second pit, the diagonal

scratches of the trellis prove to be eight branching characters of a

peculiar form. The vertical scores which cross them turn out to

be later additions, cut with a finer tool than the serrated flint

that has left its mark on the more superficial and broader lines of

the characters beneath. In the following woodcut the vertical

lines are not shown, and the rune-like forms are placed slightly

further apart than is actually the case ; the characters themselves,

however, arc facsimiles" :

—

Tracings and photographs have beep submitted to Trofessors

Sayce and Rhys, and also to Dr. Haigh and other pal^o-

graphists, who all consider the marks to be characters, though

unable at present to give an opinion as to their date. But several

on the detached blocks found near the surface, it is thought, may
possibly be Anglo-Saxon.
Some of your correspondents may perhaps be able to say

whether similar forms have been met with elsewhere. Can it be
that the blanching charactersareexamplesof the symbols alluded

to in the traditions of the Bards?

I may mention that Dr. Haigh thinks that the Celts had
writing distinct from and earlier than the Oghams ; and he has

noticed on the stones of a sepulchral chamber at Keryaval, in

Brittany, signs very like letters. J. Park Harrison

The Rocks of Charnwood Forest

It has been a matter of regret to geologists that Mr. Plant

has not published in some accessible form his stores of knowledge
on Charnwood. We cannot tell how far our facts may be new
to him, but we believe that we have been able to make consider-

able corrections in and additions to all contained in Jukes,

Ansted, Coleman, or the Survey Memoir.

•y,mrn. AnllirKjwl. hist-. No. i3, p. 2G5.
' Tlie last character, on the right of the inscription, li.is IjLun corrected

by lengthening the upirer su-uke. in the rubbing it was acciUeutally tlc-

'.athcd from the crosb-lines.

We are glad to find Mr. Plant supporting us on the intrusive

character of the syenites. But the question can hardly be re-

garded as previously settled. Mr. Coleman leaned to the idea

of their priority to the stratified rocks. Prof. Jukes to their being

contemporaneous, and Prof Ansted to their being metamorphic.
When in N.vniRE (vol. xv. p. 97) Prof Green suggested the

first of these views no one adduced any pi oof to the contrary.

Of all that Mr. Plant sa>s we were well aware, but could not

regard the evidence as conclusive. Our opinion is founded on
the examination of actual contacts between syenite and sedi-

mentary rock, a thing which so far as we know has not pre-

viously been described.

We are well acquainted with the very curious " altar stones"
which are doubtless of volcanic origin, but these and the rocks

of Bardon no more prove the Markfield syenite to be intrusive,

than the ashes and breccias of the Borrowdale series prove the

intrusive character of the Wastwater granite. Further, we
cannot admit any connection between the Bardon "green-
stones" and the Markfield syenite. T. G. BONNEY

St. John's College, Cambridge, April 28 E. HiLL

Yellow Crocuses

Several years ago I observed that snowdrops which I had
introduced into my garden were destroyed by poultry getting in

among them at the hungry season when these ate in blossom.

I recollect placing a bantam cock in the garden, and observed
that he pecked hastily at a few of the blossoms, and then left

off. I then tore up pieces of writing-paper and spread them
over the newly turned-up soil. These were hastily visited and
as hastily dropped by a few of the poultry. Next I procured
some Indian corn, and scattered it among the poultry for the

first time. A f-w hens tried to swallow a grain here and there,

but left the most of them. It required two or three days' expe-
rience to get them to feed on the Indian corn, and a very short

time taught them to exclude snowdrop blossoms from their bill

of fare. May not the case of the crocuses mentioned by Mr.
Renshaw be explained as similar to that of schoolboys, who
eagerly try a bright unknown berry and soon leave off when it is

unpalatable ? At least so I explained the fact of my snowdrops
being more fiercely attacked on their first appearance in the
garden than ever they have been since.

Our glen in a few weeks will be made beautiful by the blos-

soms of the bird-cherry, which grows plentifully on the margin
of the streams and the waysides, attaining much larger dimen-
sions than those given by i\Ir. Bentham in his " Handbook of

British Flora," many of the trees being twenty feet high. The
caterpillar of the pale spotted eimine moth feeds so eagerly on
its leaves that I have, in some summers, seen the trees reduced
to ugly skeletons by the middle or end of July. In autumn the

beautiful red berries of the Guelder-rose adorn our thickets, but
if " fruit has become beautiful so as to point it out to birds for

the dissemination of the seed," we do not seem to have the birds

which care for these berries, as only three weeks ago I pulled

some fine clusters from a bush growing in a sheltered nook.
Tynron/ Dumfriesshire, April 2i James Shaw

I-N'CLOSED is a letter that I had from my friend. Dr. Grierson,

Dumfriesshire, a month ago, complaining of a pair of ducks that

had gobbled up almost every one of his yellow crocuses, and
only the yellow ones. I am further informed by Mr. John V'oung,

Ilunterian Museum, Glasgow, that the habit of the sparrows
taking the yellow crocuses without touching the blue or striped

has been long known to him. David Robertson

The Ship-Worm

Teredo iiuvalis certainly is able to endure a long continuance
of freshwater. At the town of Brisbane (Queensland), piles,

&c., are sheathed with "Muntz metal" to prevent its attacks.

The river is subject to long-continued freshes. I remember one
which lasted at least ten days, and during that time ocean-going
steamers could not ascend to the town, the flood was so power-
ful. Brisbane is situated far below the cxtmnc salt-water flood,

but whenever there is a fresh in the river, of even smiU amount,
the water at that town is (according to my recollection) rather
more fresh than salt at the end of each ebb tide.

I never saw Teredo there, but I took its existence for granted,
from the fact that piles, &c., were protected with meta.!, and the
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caution given me by the builder of my boat against Iieeping her
in the water when not in use. Brisbane is about twenty-five
miles from the full influence of the Pacific, and, to the best of
my recollection, the salt water is carried (on the flood) at least

thirty miles up the river above the town, when there is no fresh

coming down. So far does the salt water indeed extend, that at

a time of severe drought {1865-66, I think) it was proposed to

bring fresh water for the supply of the town from the principal
affluent, the Bremmer, which joins the Brisbane about forty-two
miles above the town, as it could not be obtained nearer on
account of the high range of the salt flood. It wa? to have
)een brought in huge floating tanks towed by a steamer.

Arthur Nicols

PROF. TYNDALL ON THE SPREAD OF
DISEASE

pROF. TYNDALL occupied the chair on Saturday
*- night at the concluding lecture of Dr. Corfield's

course on the laws of health. The subject of the lec-

ture was " Infectious Diseases." In proposing a vote of

thanks, Prof. Tyndall paid a high compliment to the lec-

turer for the thoroughly sound instruction which he had
so clearly conveyed. He had made it plain that conta-
gion consisted, not of gas or vapour, but of definite par-
ticles sometimes floating in gas, in the air we breathed,
or in the water we drank ; and that, like organic seeds
in the soil, they multiplied themselves indefinitely in

suitable media, the great probability being that these
disease-producing particles were living things. A close

study of the subject, extending now over several years,

enabled him to agree entirely with the lecturer in the
parallelism which he had declared to e.xist between the
phenomena of contagious disease and the phenomena of
ordinary putrefaction. The case of flies, for example, to

which the lecturer ascribed the power of communicating
disease from one person to another, was e.xactly paralleled

by phenomena in putrefaction. Chop up a beefsteak,

steep it in water, raise the temperature a little above the

temperature of the blood, pour off the water, and filter

it
;
you get a perfectly clear liquid ; but that liquid placed

in a bottle and exposed to the air soon begins to get tur- !

bid, and that turbid liquid, under the microscope, is found
to be swarming with living organisms. By suitably heat- '

ing this perfectly clear beef tea, it can be sterilised, every-
thing being killed which is capable of generating those little

organisms which produce the turbidity ; and by keeping it

from coming in contact with the floating particles of the
air, it might be preserved transparent for years. He had

,

now some sterilised beef-tea of this sort, which had been
preserved for eighteen months in a state of perfect trans-

parency. But if a fly dipped its foot into an adjacent ves-

sel containing some of the turbid fluid, and then into the
transparent fluid, that contact would be sufficient to infect

\

the sterilised infusion. In forty-eight hours the clear

liquid would be swarming with these living organisms.
The quantity of the turbid liquid which attaches itself to

the finest needle-point suffices to infect any amount of the

infusion just as the vaccine lymph taken up on the point

of a surgeon's lancet spreads disease through the whole
body. Here, also, as in the case of contagious disease,

there was a period of incubation. In proof of what the

lecturer had stated that the contagion of these communi-
cable diseases was not gaseous or liquid, but solid par-

ticles, he would describe an experiment he had made only
a few weeks since. Eighteen months ago he had a chamber
prepared from which all floating particles of dust were
removed, and in it he placed a number of vessels contain-

ing animal and vegetable refuse which soon fell into

putrefaction, and also two or three vessels containing
perfectly clear beef-tea and mutton broth, as transparent

as water, in which the infective particles had been killed

by heat. Although all these vessels had stood for eighteen

months side by side there had been no communication of

contagion from one to the other. The beef tea and
mutton-broth remained as transparent as when put in,

though the other vessels emitted a most noisome stench.
But if a bubble were produced in one of the putrefying
masses by blowing into it, and if on rising to the surface
and bursting the spray of the bubble was allowed to fall

into the transparent beef-tea or mutton-broth, in forty-

eight hours it became as bad as its neighbours. It was
not therefore sewer gas which did the mischief, but the
particles which were carried and scattered by the sewer
gas. Referring to another point on which the lecturer
had insisted—viz., that there was no power of spontaneous
generation of the germs orcontagion of diseases, Prof. Tyn-
dall said that, though at present great names were opposed
tothatview,hewould venture topredictthat ten years hence
there would be very fewgreat names opposed to the lecturer
on that matter. With regard to the power of specific

contagia to be generated in decomposing animal matter,
he would say that for the last twenty-one years he had
been in the habit of visiting the upper Alpine valleys,

where, amongst the Swiss chalets, there was the most
abominable decomposition going on from day to day, and
exceedingly bad smells, but there these contagious diseases
were entirely unknown. If, however, a person suffering
from typhoid fever were transported there, the disease
would spread like wildfire from this infected focus, and
probably take possession of the entire population. It

might be taken, therefore, that any of these special dise ises

required its special germ or seed for its production, just as
you required a grape seed to produce a vine. He entirely
agreed with all that the lecturer had stated as to these dis-

eases "breeding true." He never found the virus of small-
pox producing typhoid, or vice versa. Tne subject was one
of the most important which could engage the attention
of the scientific physician— indeed. Prof. Tyndall doubted
whether, in the whole range of medical art and science
there was a subject of equal importance. But in dealing
practically with this question of infectious disease, the
scientific physician must not stand alone—he ought to be
aided by the syatpithy of an enlightened public. Here,
in England, we did not like to bi pressed into good be-
haviour by external influence ; and if anything was to

coma in the way of really great sanitary improvement, it

would be from the people themselves. Hence, in a people
who were jealous of government interference, it was of
primary importance that they should be properly in-

structed ; and he did not exaggerate in the slightest

degree in declaring that sound and healthy instruction
had been imparted to them in the lecture which they had
just heard.

SUSPECTED RELATIONS BETWEEN THE
SUN AND THE EARTH

I.

\X rHEN the telescope first enabled us to scrutinise the
• '' solar surface, the spots thereby revealed formed u

stumbling-block to some of the early observers, who were
unwilling to attribute the smallest taint of imperfection

to our luminary. And although the spots came speedily

to be recognised as true solar appendages, yet until com-
paratively recent times they were looked upon as mere
scientific curiosities, having no perceptible reference to

ourselves, or indeed to anything else.

In the eyes of the last century astronomers the sun
shone upon the earth and kept us in leading-strings, and
this was an end of the whole matter. But we have now-

advanced one step beyond the position of those men,
inasmuch as we have accumulated evidence tending to

show that the physical state of the solar surface affects us

in a variety of ways. With regard to some of these we
are nearly certain, while with regard to others we are less

so ; in all we are profoundly iaterested, but we are not:
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ytt tolly awake to a true measure of our responsibility or

to liic ncces;ily of keeping a continuous watch upon the

sun. It may perhaps be desirable here to revie.v the
somewhat heterogeneous mass ol evidence from various

Solar Spots, Magnetic Declination,and Auroral DisPLAYSt

NUMBER OF, AUfiORAIS^^^^BAFRVeO EA&Hk YEAfi

quarters which leads us to believe in the existence of I About fifty years aeo a careful observer, Ho^ratb
these peculiar relations.

| Schwabe, of Dessau, with true Teutonic persistence set

himself to observe the sun's surface day after day, and as I the discovery of a cycle in the frequency of SDOt=
Ihe result of forty years' observations, he was rewarded by | will be seen from the following table :

This
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Table I.

Number of Nnu Groups of Sun-spots observed each Year. The
Obseivalions from 1826 to 1S63 7vere made by Ho/rath
Schwabe, the others were made at the Kew Observatory.

. Year."
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simple costume of the goddesses, passes before the car of
Apollo, the god of the sun, while Science observes the
phenomenon on the earth and rtcords the results. The
legend is the composition of a member of the Academy
of Inscriptions. On the obverse of the medal is the
following inscription :

—

Institut De Franck
AcAD^MiE Des Sciences

Passage De Venus Sur Le Soleii,

8-9 Decemher, 1874.

THE EFFECT OF INAUDIBLE VIBRATIONS
UPON SENSITIVE FLAMES

p^URlNG a recent visit to Birmingham my friend and
•L^ host, Mr. Lavvson Tait, showed me some interesting

experiments with one of Mr. Galton's whistles, capable of

yielding vibrations beyond the limit of hearing. This led

to the suggestion of trying a sensitive flame with these
whistles, and in fulfilment of my promise to select and
send to Mr. Tait a burner sensitive to very high notes, I

was yesterday led to make the following experiment, the

result of which is, I believe, new, and I think sufficiently

mteresting to put on record. A sensitive flame was ob-
tained just two feet high when undisturbed, but shrinking
down to seven inches under the influence of the feeblest

hiss or the clink of two coins. Adjusting the Galton
whistle, which Mr. Tait lent me, so as to yield its lowest

note, little effect was produced on the flame ; a shrill dog-
whistle produced a slight forking of the flame, but that
was all. Raising the pitch of the Galton whistle, the

flame became more and more agitated, until, when I had
nearly reached the upper limit of audibility of my left ear,

and had gone quite beyond the limit of my right ear, the
flame was still more violently affected. Raising the pitch

still higher, until I quite ceased to hear any sound, and
until several friends could likewise detect no sound, even
when close to the whistle, 1 was astonished to observe the
profound effect produced upon the flame. At every in-

audible puff of the whistle the flame fell fully sixteen inches,
and burst forth into its characteristic roar, at the same time
losing its luminosity, and when viewed in a moving mirror,

presentmg a multitude of ragged images, with torn sides

and flickering tongues—indicating a state of rapid, com-
plex, and vigorous vibration.

Nor was this effect sensibly diminished by a distance
of some twenty feet from the flame. Placing the flame at

one end of the large lecture theatre of this college, and
blowing the whistle at the furthest point away, a distance
at least of fifty feet and more than thirty feet above the
flame, still the effect produced was very pronounced.
There can hardly be a more striking experiment. A
single silent and gentle puft" of air sent from the lips

through the whistle, nothing whatever to be heard, and
yet fifty feet away an effect produced that might readily

be seen by thousands of people.
The extreme smallness of the amount of motion ac-

tually concerned in producinj; this great change in the
aspect ot the fl.ime is evident. For the inaudible vibra-

tions, having at their origin but a small amplitude, gave
rise to a spherical air-wave,' whi ch at a radius of flfiy

feet—and with the vast enfeeble ment due to this distance
—knocked down a two-foot flam^, though the surface
acted upon had an area of less than a square inch—for it

is only the root of the flame that picks up the wave motion.
Of course everything depends upon the delicately-poised
state into which the flame has previously to be brought.
It then, like a resonant jar, enters into a state of vibration
which appears to be synchronous with the note producing
the effect. By this means it may be possible, with the aid
of a mirror moving at a known speed, to determine the

' I have no doubt a similar result would attend an experiment made in the
open air, if the air were still enough to allow it to be made.

vibration number of these high notes, and thus with greater
exactitude fix the upper limit of hearing.
The flame giving the effect here described was pro-

duced by coal gas contained in a holder under a pressure
of ten inches of water, and issuing from a steatite jet
having a circular orifice 0-04 inch in diameter.i

W. F. Barreti'

SOUND-VIBRATIONS OF SOAP-FILM
MEMBRANES

T^HE vibration-forms of membranes agitated by their
*• fundamental and upper tones, have usually been

studied by means of thin bladder or india-rubber stretched
on a ring or frame (see Helmholtz " Sensations of Tone,"
chaps, iii. and v. ; Pisko, " Die Neueren Apparate der
Akustik," p. 75). While I was lately trying with Mr. R.
Knight the capabilities of various membranes of taking
impressions from vocal sounds for phonautographic pur-
poses, the idea occurred of using soap-film. This was at
once carried into effect by dipping the end of a lamp-
chimney into some soap-solution, strengthened in the
usual way with glycerine and a little gelatine. On
singing near the open end of the chimney, the
series of forms belonging to the various notes be-
came plainly visible, those produced by the upper tones
being as it were engine-turned in their complex sym-
metry, in a way to which the sand lines on so coarse a
material as caoutchouc can bear no comparison. To
exhibit these forms at a popular lecture here last nighr,

the light of an oxyhydrogen magic lantern was simply
reflected off the vibrating film upon the screen in a disc
of some three feet in diameter, so as to show its pat-
terns on a large scale when set in movement by talking,

singing, and playing a cornet in its neighbourhood. The
effects were of singular clearness and beauty. To lec-

turers who may use this new and easy means of making
the more complex sound-vibrations appreciable by the
eye, I would mention that by slightly thinning the soap-
solution, and adding a few drops of ammonia, they may
obtain a film more free from interference-colours, so as to

display the vibration-figures on an almost clear ground.
But if this is done, the thicker mixture should be used
afterwards, for the gorgeous scenic effect of the masses of

prismatic colour whirled hither and thither by the musical
vibrations. Edward B. Tylor

Wellington, Somerset, April 20

THE OTHEOSCOPE"
T COMMUNICATED to the Royal Society in No-
•*- vember last, an account of some radiometers which
I had made with the object of putting to experimental
proof the " molecular pressure " theory of the repulsion

resulting from radiation. Continuing these researches I

have constructed other instruments, in which a movable
fly is caused to rotate by the molecular pressure generated
on fixed parts of the apparatus.

In the radiometer, the surface which produces the
molecular disturbance is mounted on a fly, and is driven
backwards by the excess of pressure between it and the
sides of the containing vessel. Regarding the radiometer
as a heat-engine, it is seen to be imperfect in many
respects. The black or driving surface, corresponding to

the heater of the engine, being also part of the moving
fly, is restricted as to weight, material, and area of sur-

face. It must be of the lightest possible construction, or

' The conditions necessary for obtaming the utmost sensitiveness of the
fl^me are described in an article I published on the subject in the Popular
Science Review for April, 1867.

= On Repulsion Resulting from Radiation. Preliminary note on the
Otheoscope, by William Crookes, F.RS., &c. Read belore the Royal
Society, April 26, 1877.
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friction will greatly interfere with its movement ; it must
not expose much surface, or it will be too heavy ; and it

must be a very bad conductor of heat, so as to retain the

excess of pressure on one side. Asrain, the part corre-

sponding to the cooler of the engine (the side of the glass

bulb) admits of but little modification. It must almost
necessarily be of glass, by no means the best material for

the purpose ; it is obliged to be of one particular shape
;

and it cannot be brought very near the driving surface.

h perfect instrument would be one in which the heater

was stationary ; it might then be of the most suitable

material, of sufficient area of surface, and of the most
eftkicnt shape, irrespective of weight. The cooler should

be the part which moves ; it should be as close as pos-

sible to the heater, and of the best size, shape, and weight,

for utilising the force impinging on it. By having the

driving surface of large size and making it of a good con-

ductor of heat, such as silver, gold, or copper, a very faint

amount of incident radiation suffices to produce motion.

The black surface acts as if a molecular ' wind wei-e

blowing fi'om it, principally in a direction normal to the

surface. This wind blows away whatever easily movable
body happens to be in front of it, irrespective of colour,

shape, or material ; and in its capability of deflection

from one surface to another, its arrest by solid bodies, and
its tangential action, it behaves in most respects hke an
actual wind.

Whilst the radiometer admits of but few modifications,

such an instrument as the one here sketched out is

capable of an almost endless variety of forms ; and as it

is essentially different in its construction and mode of

action to the radiometer, I propose to identify it by a
distinctive name, and call it the Otheoscope {w6ia, I

propel).

The glass bulb is an essential portion of the machinery
of the radiometer, without which the fly would not move ;

but in the otheoscope the glass vessel simply acts as a
preserver of the requisite amount of rarefaction. Carry a
radiometer to a point in space where the atmospheric
pressure is equal to, say, one millimetre of mercury, and
remove the glass bulb ; the tly will not move, however
strong the incident radiation. But place the otheoscope
in the same conditions, and it will move as w'eil without

the case as with it. In the preliminary note already
referred to,- I described a piece of apparatus by which
I was able to measure the thickness of the layer of

molecular pressure generated when radiation impinged
on a blackened surface at any degree of exhaustion. At
the ordinary density of the atmosphere the existence of

this molecular disturbance was detected several milli-

metres oft", and its intensity increased largely as the

generating surface and movable plate were brought closer

together. It would be possible, therefore, to construct an
olheoscope in which no rarefaction or containing vessel

was necessary, but in which motion would take place in

air at the normal density.' Such a heat-engine would
probably work very well in sunlight.

Aided by the mechanical dexterity of my assistant, Mr.
C. H. Gimingham, I have constructed several varieties of

otheoscope. These I propose to exhibit at the soiree of

the Royal Society on Wednesday next, as illustrations

of the very beautiful manner in which, at this stage of my
investigations, theory and experiment proceed hand in

hand, alternately assisting each other, and enlarging our
knowledge of tho^e laws of molecular movement which
coii.^tiiute a key to the relations of force and matter.

e following is a list of the otheoscopes I have

. cuiar, not molar. There is no wind in the sense of an actual trans-
it i.-cuf air from one place to another. This molecular movement may
be C'.iiipared to the movement of the gases when water is decomposed by an
electric current. In the water connecting the two poles there is no apparent
mov-ment, altliough eight times as much matter is passing one way as the

'. Royal Soc. November 16, 187G, p. 310.
> _ writing this I have constructed such an instrument. The move-
':'js place ill the w.ay I had anticipated.—W. C, April 26, 1S77.

already made, together with some nevv experimental
radiometers, which will be exhibited for the first time
on Wednesday :

—

1. Otheoscope.—A four-armed fly carrying four vanes of
thin clear mica is mounted like a radiometer in an ex-

hausted glass bulb. At one side of the bulb a plate of
mica blacked on one side is fastened in a vertical plane in

such a position that each clear vane in rotating shall pass
the plate leaving a space between of about a millimetre.

If a candle is brought near, and by means of a shade the
light is allowed to fall only on the clear vanes, no motion
is produced ; but if the light shines on the black plate

the fly instantly rotates as if a wind were issuing from
this surface, and keeps on moving as long as the light is

near.

2. Otheoscope.—A four-armed fly carries roasted mica
vanes and is mounted in an exhausted glass bulb like a
radiometer. Fixed to the side of the bulb are three plates

of clear mica equidistant from each other in a vertical

plane, but oblique to the axis. A candle brought near the
fixed plates generates molecular pressure, which, falling

obliiuelv on the fly, causes it to rotate.

3. Otheoscope.—A large horizontal disc, revolving by
the molecular disturbance on the surface of inclined

metallic v.ines, which are blacked on both sides in order

to absorb the maximum amount of radiation.

4. Otheoscope.— Inclined aluminium vanes driven by
the molecular disturbance from the fixed black mica disc

below, blowing (so to speak) through them.

5. Otheoscope.—A large horizontal coloured disc of

roasted mica, driven by inclined aluminium vanes placed
underneath it.

6. Otheoscope.—A bright aluminium disc cut in seg-

ments, and each segment turned at an angle, driven by
a similar one below of lampblacked silver.

7. Radiometer.—A vertical radiometer, made with eight

discs of mica blacked on one side, and the whole sus-

pended on a horizontal axis which works in two glass

cups. The motion of the radiometer is assisted on each
side by driving vanes of aluminium blacked on one side.

8. Radiometer.—A vertical turbine radiometer, the oval

vanes of roasted mica blacked on one side.

9. Radiometer.—A spiral radiometer of roasted mica
blacked on the upper side.

10. Radiometer of large size, showing great sensitive-

ness.

11. Radiometer.— A two-disc radiometer, the fly carry-

ing roasted mica discs blicked on one side ; in front of

each blacked surface is fixed a large disc of thin clear

mica. The molecular disturbance set up on the black
surface, and streaming from it, is reflected in the oppo-
site direction by the clear plate of mica, causing the fly

to move abnormally, i.e., the black surface towards the

light.

12. Radiometer.—A two-disc radiometer, the fly carry-

ing roasted mica discs blacked on one side, similar to

No. II, but with a large clear disc on each side. The
molecular disturbance, prevented from being reflected

backwards by the second clear disc, M thus caused to

expend itself in a vertical plane, the result being a total

loss of sensitiveness.

13. Radiometer.—A two-disc, cup-shaped, aluminium
radiometer, facing opposite ways ; both sides bright.

Exposed to a standard candle 3'3 inches off, the fly rotates

continuously at the rate of one revolution in 3'37 seconds.

A screen placed in front of the concave side so as to let

the light shine only on the convex surface repels the latter,

causing continuous rotation at the rate of one revolution

in T$ seconds. When the convex side is screened oft", so

as to let the light shine only on the concave, continuous
rotation is produced at the rate of one revolution in 6'95

seconds, the concave side being apparently attracted.

These experiments show that the repulsive action of ra-

diation on the convex side is about equal to the attractive
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action of radiation on the concave side, and that the

double speed with which the fly moves when no screen is

interposed is the sum of the attractive and repulsive

actions.
1 1

•

14. Rai/ioinfler.—A two-disc, cup-shaped, aluminium

radiometer, lamp-blacked on the concave surfaces. In

this instrument the usual action of light is reversed,

rotation taking place, the bright convex side bemg re-

pelled, and the black concave attracted. When the light

shines only on the bright convex side, no movement is

produced, but when it shines on the black concave side,

this is attracted, producing rotation.

i^.—J^ac/ioiiu'tcr.—A cup-shaped radiometer similar to

the above, but having the convex surfaces black and the

concave bright. Light shining on this instrument causes

it to rotate rapidly, the convex black being repelled. No
movement is produced on letting the light shine on the

bright concave surface, but good rotation is produced

when only the black convex surface is illuminated.

16. A'(!(;'/t>/«t-A-r.—A multiple-disc, cup-shaped, turbine

radiometer, bright on both sides, working by the action

of warm water below and the coohng etfect of the air

above.

17. Radiometer.—h four-armed metallic radiometer

with deep cups, bright on both sides.

1 8. Radiomctcr.^K four-armed radiometer, the vanes

consisting of mica cups, bright on both sides.

19. /v'fr^rwwt'/tv.—A four-armed radiometer having clear

mica vanes. The direction of motion being determined

by the angle formed by the mica vanes with the inner

surface of the glass bulb.

DROUGHTS AND FAMINES IN SOUTHERN
INDIA '

THE paper on this subject, noted below, a copy of which we

have just received, will no doubt awaken much interest,

not only on account of its scientific bearings but also from its

bearings on so very practical a subject as the famines of India.

It is most gratifying to see that the subject has been taken up by

one who gives evidence on every page of rare capacity as a scien-

tific statistician. There is throughout an absence of straining

the facts before him beyond what tliey may leguimately bear,

and a skill in combining them so as to eliminate, as far as pos-

sible, what is merely accidental from the results ultimately

arrived at in their relation to the sun-spot period.

The data discussed in Dr. Hunter's paper are the amounts of

the annual rainfall at Madras from 181310 1876, and the relative

number of sun-spots from 1810 to 1S76. The results of the

inquiry are given in the following six propositions :
—

1. That no uniform numerical relation can be detected between

the relative number of the sun-spots and the actual amount of

rainfall.

2. That although no uniform numerical relation can be detected

between the relative number of sun-spots and the actual amount

of rainfall, yet that the minimum period in tlie cycle of sun-spols

is a period of regularly recurring and strongly marked drought in

Southern India.

3. That, apart from any solar theory, an exammation of the

rain registers shows that a period of deficient rainfall recurs in

cycles of eleven years at Madras ; that this period consists of the

eleventh and second series of years in the cycle ; which two

series also contain six out of the seven years of minimum sun-

spots falling in this century up to 1878.

4. That alter the period of minimum rainfall in the elevenlh

and second series of years in the cycle, the rainfall rises to a

maximum in the filth year ; afier which it .tgain declines to Us

minimum period in the eleventii and second years.

5. That, apart from any solar theory, the statistical evidence

shows that the cycle of rainfall at M.adras has a marked coinci-

dence with a corresponding cycle of sun-spots ;
that in this c)cle

of eleven years both the sun-spots and the rainfall reach their

minimum in the group consisting of the eleventh, first, and second

years ; that both tlie rainfall and the sun-spots then increase till

they both reach their maximum in the fifth year, after which they

' "The Cycle of Drought .ird Famine in Southern India," by W. W.
Hunter, LL.D., Director-General of Statistics to the Government of India.

decline together till both again enter their minimum period in

the eleventh, first, and scc.uid series of years.

6. That while the statistical evidence discloses a cycle of

drought in .Southern India, coincident in a marked manner with

a corresponding cycle of sun-spots, it also tends to show that the

average rainfall of the years of minimum rainfall m the said

cycle appro.aches perilously near to the point of deficiency which

causes famine. That the average is, however, above that point

;

and that, while we have reason to apprehend recurring droughts

and frequent famines in these cyclic years of minimum rainfall,

the evidence is insufficient to warrant the prediction of a regularly

recurring famine.

It will be observed that these results are strongly confirmatory

of the general conclusions arrived at by Meldrum and others,

who have examined the question from data collected from a large

area, and embracing an extended series of years, the only note-

worthy point of difference being the larger rainfall of the first

year of the c)cle, as compared with the eleventh and second

years which immediately precede and follow it. It is perhaps

only to be looked for that such an anomaly should be met with

in dealing with the rainfall of only one place, embracing a period

of sixty-lour years, seeing that the accidental occurrence of one

or two cyclones, accompanied with unusually heavy local rain-

fall, would be sufficient to produce the anomaly in question.

The anomaly would in all likelihood have disappeared if the area

of observation had been wider or the time of observation longer.

It is scarcely necessary to do more than point out the absolute

necessity of establishing physical observatories in order to obtain

the data for the investigation of the connection between the state

of the sun's surface and the state of terrestrial convection currents,

it being only through their cosmical relations that we may rea-

sonably hope to solve many of the more difficult problems of

meteorology, some of which lead to intensely practical issues.

OUR ASTRONOMICAL COLUMN
Mr. Gill's E.xpedition to Ascension.—In an address

to the Royal Astronomical Society on Apiil 8, 1S57, "On the

means which will be available for correcting the measure of the

sun's distance during the next twenty-five years," the Astro-

nomer-Royal directed attention to a method of making observa-

tions for parallax, not applicable to the planet Venus, but appli-

cable to Mars, namely, by " observing the displacement of Mars

in right ascension when he is far east of the meridian, and far

west of the meridian, as seen at a single observatory," and he

particularised the advantage of this method, and expressed his

opinion that it is " the best of all." The observations are not

attended with the very great expense which is involved in the

efficient observation of a transit of Venus, indeed if made at an

established observatory need entail little or no cost ; they may

be conducted by a single observer or series of observers, in the

latter case with a due regard to personal equation, and each

observatory co-operating in the work, will furnish a result quite

independent of the rest, so that the observer has the satisfaction

of knowing that by the method recommended his own observa-

tions alone will give a value for the most important unit of

measure in astronomy. The Astronomer-Royal confined his

remarks to the observation of differences of right ascension,

recommending as of the first consequence a firmly-mounted

equatorial, and as advantageous though not absolutely necessary

the chronographic method of transits first introduced by the

American astronomers. The oppositions of Mars in 1S60 and

1S62 were referred to with regard to their relative advantages for

such observations.

Mr. Gill has taken a further and an important step in the

direction of utilising observations of Mars for the determination

of the solar parallax. Encouraged by Lord Lindsay's liberal

oR'er of the loan of the heliometer employed in the e.xpedition to

the Mauritius for the observation of the transit of Venus, Mr. Gill

proposes to leave England this month for the island of Ascension,

and to apply the heliometric method of measurement of distances

instead of observing differences of right ascension, as sug-

gested in the Astronomer-Royal's address, and as was stated
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in Nature last week, the council of the Royal Astronomical

Society have guaranteed 500/. for the expenses of Mr. Gill's

expedition. Ascension has been fixed upon, not without a

careful consideration of probable meteorological conditions about

the time of the opposition of Mars in September, in which it is

understood the records of the Meteorological Office have been ol

the greatest service, and in fact, have induced Mr. Gill to fix

upon Ascension for the site of his temporary observatory in pre-

ference to St. Helena, the astronomical condition being about

the same for the two islands, i.e., their latitudes not differing much

from the declination of the planet when nearest to the earth, so

that it is observable at a considerable hou -angle on both sides

of the meridian.

The modus operandi ^\o\so%<:A by Mr. Gill, is as follows :—two

stars, a and b, one preceding and the other following the planet,

are selected for each night of observation, and their angle of

position and distance relative to the planet are computed roughly

for 4h. E. and 4h. W. hour-angle, and the right ascension and

declination of the middle point between siar and planet ; so that

the proper stars of comparison are readily found. The helio-

raeter axis is directed to this middle point, the position-circle

set to the position angle, and the segments set to the approxi-

mate distance. The observer finds in the field of view a star

and the planet ; by turning the handle by which the segments are

moved in distance, the images of star and planet are made to

move relatively to each other in the direction of a line joining

the objects, while if the position-handle is turned, the images

move in the direction of a line perpendicular thereto. Suppose

that the star a is viewed through segment A, and the planet

through segment B. According to Mr. Gill's usual practice the

observation would proceed thus :

—

I. Measure of position-angle.

II. Measure of distance, both limbs.

III. Reverse segments, and view star hy segment B and
planet by segment \.

IV. Measure position-angle.

This constitutes one measure.

V. Repeat this process with star /'.

VI. Reverse position-circle and repeat the co nparison with

star b.

VII. Compare again with star a.

This constitutes a complete symmetrical set, which Mr. Gill

has found can be secured on an average in ih. 30m., sometimes

in ih. lom., or if there be interference from cloud it may
occupy 2h.

In the measure of a position-angle, by a movement of the

handle for distance, the star may be made to move, relatively to

the planet along the line of separation of the lenses, so that the

star successively occupies positions I, 2, 3 . . . 3, 2, i, &c.

This motion may be very slow and the position-circle being set so

that the motion of the planet completes the bisection, the

observer has only to go on moving the star slowly till the limb is

seen to symmetrically bisect the star (the time of which is noted)

precisely as Jupiter's limb bisects one of his satellites.

The measure of distance is conducted with equal care, but is

not so readily explained without a diagram. Mr. Gill finds his

method possesses very great delicacy. It sometimes happens

that it is not possible to find a star sufficiently bright to compare

with Mars in his full light. In such cases the brilliancy of the

planet can be easily kept down by a wire-gauze screen, which,

by an arrangement at the eye-end, can be laid over either seg-

ment of the object-glass and at any angle thereto.

In a letter to M. Leverrier, published in the Bulletin Interna-

tional of April 27, Mr. Gill states that the observations of Juno,

which he made with Lord Lindsay at the Mauritius with the

same heliometer, showed that the determination of the diurnal

parallax by measuring with this instrument the distance of the

planet from a star preceding and a star following is susceptible

of an extreme precision, and he found the probable error in the

determination of the planet's position for each complete observa-

tion of the morning or evening did not exceed -J- o"'075. Lord

Lindsay has slated that the value of the solai parallax, resulting

from these observations of Juno (a single discordant one only

being rejected) is 8"S2, which approaches near to Prof. New-
comb's value, S"SS, adopted provisionally by the German
astronomers, and to M. Leverrier's theoretic?.! determination,
8" '86. This sufficiently indicates the utility of the method, and

Mr. Gill intends to avail himself of the close oppositions of the

minor planets Ariadne and Melpomene during his visit to Ascen-

sion to obtain values of the parallax by observation on the same

principle.

Court 1S77 II. (VVinnecke, April 5).—This comet may
be expected to prove a fine telescopic object during the absence

of moonlight in the circumpolar sky, with its stellar-looking

nucleus and double or broad fan-shaped tail. The annexed posi-

tions for midnight at Berlin are from elements by Herr Plath, of

Hamburg, and have been received from Prof. Winnecke :—
R 4 r)prlln-.t;nn ^^S- distance^^ Ueclmation.

from Earlli.,

fi. m. s. „ ,

-f 65 59-2 ... 9-99601
6S 7 '2 ... 9-99640

70 u-6 ... 9-99741

72 1 1-3 ... 9-99902

74 4-5 ... 0-COI23

75 488 ... 0-00400

77 21-5 ... 0-00732

78 38-3 ... 0-01116

79 3S'i o'0>549
80 7-S ... 0-02028

•I- 80 13-6 ... 0-02548

The following orbit has been calculated by Mr. Hind from

observations at Strasburg, on April 5 and 25, and at Berlin and

Lfiipsic on April 14:

—

Perihelion Passage, 1877, April 17-646S7, G.M,T.

Longitude of Perihelion 253 30 9 ) Mean Equinox,
Ascending Node ... 316 33 53 i

1877-0

Inclination 58 54 22
Distance in Perihelion 0-950250

Heliocentric motion—retrograde.

These elements represent the observations during the interval

very closely.

May 4 ... 23 26 5

5 23 36 41
6 ... 23 49 22

7 •• 04 45
8 ... o 23 31

y ... o 46 49
10 ... I 15 34
11 ... I 50 47
12 ... 2 32 59
13 • 3 19 55
14 ... 4 S 57

NOTES
M. Fl.\mmarion has been authorised by M. Leverrier to use

one of the largest refractors of the Paris Observatory for the in-

vestigation of the motion of double-stars round a common centre

of attraction. This liberality on the part of the chief of the

Paris Observatory is highly creditable. M. Leverrier, indeed, ii

desirous of placing the immense means of investigation pos-

sessed by the observatory at the service of a number of inde-

pendent workers not belonging to the staff of the establishment,

but who have given solid proofs of their zeal and capacity for

research in some particular science. His ambition is to create at

the observatory a national astronomical institution where quali-

fied scientific men may find ample means for following their own
special studies.

Sir D.wiD Monro, late Speaker of the House of Representa-

tives in New Zealand and an active promoter of science in that

colony, died at Nelson, New Zealand, on February 15. He
graduated in Medicine in the University of Edinburgh in 1834,

where his great grandfather, grandfather, and father successively

held the Chair of Anatomy. He devoted the leisure of an active

political life I0 the pursuit of botany, and by his discoveries,

which were published by Dr. Hooker in his "New Zealand
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Flrira," he added largely to our knowledge of the vegetation of

New Zealand, on which he also wrote an instructive essay that

is published in the first volume of the 1 ransactions of the New
Zealand Institute.

We learn with the greatest pleasure that the Health Com-

mittee of the Police Board of Glasgow has agreed to carry out

at eight stations in that city the system of continuous automatic

observation of the constituents of the air, special attemion being

given to its impurities arising from manufactures and other causes

which has been devised and worked out since March, 1876, by Mr.

E. M. Dixon, in connection with Dr. Russell, Medical Officer

of Health. The Committee has already expended fully 200/. in

fitting up a laboratory and the observing stations with the in-

struments required, and are prepared to expend a sum of 300/.

per annum in carrying out this very important practical investi-

gation. The results, including meteorological observations made

in connection with the scheme, will be published monthly, the

first number appearing in June next.

Gay.Lussac, the great French physicist and chemist, was

born ill 1 778, and his centenary will be celebrated by a festival

and the erection of a statue either in Limoges or Paris.

A SERIES of lectures upon zoological subjects will be given in

the Zoological Gardens, Regent's Park, on Thursdays at 5 r. M.,

after Whitsuntide. The first lecture [will be delivered in the

Lion House, and others in the lecture-room near the Reptile

House. May 24: "The Lion House and its Inhabitants,"

P. L. Sclater, F.R.S ; May 31 :
" Sea-urchins and Star-fishes,"

Prof. Huxley, F.R.S.
;
June 7 :

" Sloths and Ant-eaters," Prof.

Flower, F.R.S.; June 14: "Whales and Porpoises," Prof.

Flower, F.R.S. ; June 21 : "Man-like Apes," Prof. Garrod,

F.R.S.
; June 28: "Variation in Domestic Animals," W. B.

Tegetmeier, F.Z. S. ; July 5: "Hornbills and their Habits,"

Dr. Murie, F.Z.S.
; July 12 : "Birds of Prey," R. B. Sharpe,

F.Z.S. ; July 19: "Frogs and Toads," Prof. Mivart, F.R.S. ;

July 26 : "The Ornithorhynchus," Prof. Garrod, F.R.S. These

lectures will be free to Fellows of the Society and their friends,

and to other visitors to the Gardens.

The annual conversazione of the Royal Society was held at

Burlington House on Wednesday week, ,'and was numerously

attended. There was a large collection of instruments brought

together, among the principal of which were the following :

—

An Automatic Spectroscope, which can be used with 2, 4,

or 6 prisms, solar eye-piece arrangement, and new split

slit, whereby any lines in the spectrum can be measured
;

a Heliostat, with large crown-glass prisms, to be employed

with the spectroscope ; Governor for 18-inch reflector, which

will keep time with a variation of rate of five seconds per

minute, at pleasure ; all designed and exhibited by Lieut.

-

Colonel Campbell, of Blythswood, and constructed by A.

Hilger.— Prof. W. G. Adams exhibited an Apparatus for

producing interference of light by means of thick plates,

and Apparatus for the reflection and refraction of radiant

heat and light, fitted to Clifton's optical bench, and con-

structed by Messrs. Elliott Brothers. The half-prism

direct-vision spectroscope made for Greenwich, about which

there has recently been a correspondence in Nature, was

also shown. Then there was a Hydroclinometer, an instru-

ment for taking ranges, without any calculation, from coast bat-

teries over 100 feet in height ; a small hydroclinometer, a modi-

fied form of the above, for giving the inclination of slopes,

&c., without any adjustment, and for larger guns ; an electric

position- and range-finder for coast batteries ; a Field-ArtiUery

range-finder ; an Infantry range-finder ; a patent self-ailju^ting

optical square, which by a simple adjustment can immediately

be corrected to the true right angle, without the aid of any

other instrument ; an electric chronograph, for the measure-

ment of minute portions of time, velocities of shot, &c., by the

free fall of a weight ; these were exhibited by Capt. Watkin,

R.A.— Lieut. G. S. Clarke and Prof Herbert M'Leod showed
an instrument called the Cycloscope, an apparatus for determin-

ing the speed of machinery by means of a tuning-fork or reed of

known period ; also for ascertaining the pitch of a tuning-fork

by means of a cylinder rotating at a known speed. There
were also Telephone and (patent) Thermo-electric Pile (in

action), with specimens of Gray's telephone, exhibited by Messrs.

C. and L. Wray ; improved Holtz electrical machine with four

plates and self-charging arrangement, in glass case, ready for

use in any condition of the atmosphere, and Manometric appara-

tus, for showing effects of sound on a sensitive flame, e.xhibited

by Mr. Ladd ; teeth, bones, and ancient works of art lately

found in caves in Derbyshire, exhibited by Mr. Boyd Dawkins,

F.R.S. ; specimens of cast and wrought iron treated by Prof.

Barff's process for the prevention of corrosion, which consists in

acting on iron at suitable temperatures with dry steam, ex-

hibited by Prof. Barff; specimens of the core of well, from

Meux's Brewery ; the large induction-coil, with secondary wire of

280 miles, constructed for Mr. W. Spottiswoode by Mr. Apps
(in operation), was shown in the meeting room, and Mr.

Crookes's Otheoscope, of which we give an account this week.

On Monday Prof. Boyd Dawkins commenced a series of

eight Field Lectures on Geology at Owens College. Six of the

lectures will be in connection with excursions to vaiious places

from Manchester.

Mr. William Gossage, F.C.S., the inventor of several im-

portant processes in practical chemistry, died at Earlsleigh,

Bowdon, Cheshire, on April 9, in his seventy-eighth year.

The Council of the Royal Geographical Society have awarded
the Royal medal to Capt. Sir George S. Nares, R.N., for

having commanded the Arctic Expedition of 1S75-6, and to

Pundit Nain Singh, for having added a greater amount to our

positive knowledge of the map of Asia than any individual of

our time. In his first great journey he for the first time deter-

mined the position of Lhassa, the cipital of Tibet, besides

surveying the course of the great river Tsanpo, or Bramaputra,

from near its source to near its entrance into the Himalayan

region ; in his last he traversed and surveyed the high Plateau

of Tibet from its extreme north-west to Lhassa, a line of 1,200

or 1,400 miles of entirely new country. No reward was ever

better earned than that bestowed by the Society on Nain Singh,

who, indeed, deserves to be ranked among the first of explorers.

While pursuing his arduous and dangerous work he was paid at

the rate of 7/. per month, and now retires, satisfied we believe,

on a pension of 50/. a year. Through his labours we have now
for the first time a scientific basis on which to construct a map
of Tibet. A gold watch, with an appropriate inscription, was
at the same time awarded to Capt. Albert Markham, R.N., for

having commanded the northern division of sledges in the Arctic

Expedition of 1S75-6, and lor having planted the Union Jack in

83 deg. 20 min. 26 sec. N., a higher latitude than had ever been
reached by any previous expedition.

It is but a poor set-ofT to the horrors of war that it is a means
of speading a real knowledge of geography ; but that it does do
so was shown in this country during the last Oriental war—the

Crimean. As might have been expected, numerous war-maps
have already appeared. The most satisfactory of these maps is

a large one published by Mr. Stanford on the scale of fifty miles

to an inch, including Turkey in Europe and her tributary states,

together with such parts of neighbouring countries in Europe
and Asia as are more immediately connected with the settlement

of the Eastern Question. Any one wishing to follow the move-
ments of the two armies could not obtain a better guide. All

the physical and political features, including the railways up to

date, are shown with great clearness. Mr, Stanford publishes
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two other war-maps, one on a smaller scale and at a cheaper

price than the above, and Jankowsky's Russo-Turkish war-map,

a picture or bird's-eye map of Turkey and the Black Sea. A
very fine and moderate-priced map comes to us from Perthes, of

Gotha. It is prepared by Dr. Petermann, and is evidently a

compilation from several of the maps in Stieler's Atlas. It

embraces all the country in Europe and Asia likely to be in-

cluded in the theatre of war, so long at least as it is confined to

the two combatants now in the field. This map, sold at a very

moderate price, may be had in London from Mr. Stanford.

The war just begun will in no way interfere, we believe, with

the forthcoming Paris Exhibition. The works are progressing

with such activity that everything but the Trocadero palace will

be ready at an earUer date than was anticipated. The Troca-

dero building has been delayed by legislative difficulties, which,

however, have been overcome, and that building will not te

behind its time.

M. IIe.nry Gifkard is constructing, near the Champ de

Mars at Paris, a workshop for the preparation of sulphate of

iron. The apparatus was tried for the first time last P'riday,

when the balloon EoU was inflated in an hour and a half, and

was sent up with an aeronaut. The capacity of the balloon being

220 cubic metres, the rate of production is very satisfactory. It

is expected that the sale of sulphate will cover almost all the ex-

penses, so that numerous scientific ascents may be made in the

ensuing summer. The monster captive balloon of 20,000 cubic

meters will be inflated by the same process.

The annual meeting of the Royal Institution was held on

Tuesday. The Annual Report of the Committee of Visitors

for the year 1876, testifying to the continued prosperity and

efticient management of the Institution was read and adopted.

The real and funded property now amounts to above 84,000/.

entirely derived from the contributions and donations of the

members. Seventy-two new members paid their admission fees

in-iS76.

The forty-eighth anniversary of the Zoological Society was

held on Monday. The number of fellows, fellows-elect, and

annual subscribers at the close of the year 1876 amounted to

3,311, showing an addition to the strength of the society of

seventy members during the year 1876. The number of honorary

members at the same date was fourteen, of foreign members

twenty-five, and of corresponding members 199. The total

income of the society in 1876 was 34,955''., e.xceeding that of ihe

year 1S75 by 6,216/. The total expenditure of the society in

1876 was 31,635/. The total assets of the society on December

31, 1876, were calculated to be 15,516/., while the liabilities

were reckoned at 4,430/. The total number of visitors to the

society's gardens in 1876 had been 915,764, the corresponding

number in 1S73 (hitherto the most successful > ear in this res-

pect) having been 713,048. The number of visitors in 1876 had

therefore exceeded that of any other previous year since the

0]jening of the garden?, by more than 200,000. The report

staled that the tcital number of animals in the collection on

December 31, 1S76, had been 2,265.

In the May part of Petermann's Mittheilungen. Herr K.

Zopi ritz has a critical paper on Watson and Chippendall's

Survey of the White Nile and Junker's Survey of the Sobat.

Herr Zoppritz expresses some dissatisfaction with the observa-

tions of the former as being vague and careless and difficult to

reconcile with data already obtained. A valuable paper by Dr.

Dorst describes and discusses the movements of the ice between

Greenland and Spitzbergen as observed by him in the steamer

BLiiciikarb in 1S69. It is an important contribution to our

knowledge of the currents of this region.

The examination for the Sheepshanks Astronomical Exhibi-

tim, which is of the annual value oi 50/. and tenable for three

years, will be held on May 21 in Trinity College Lecture-room

No. 4. All undergraduates of the University are eligible, but

in the event of a candidate who is not a member of Trinity Col-

lege being elected, he must become a member of Trinity. Can-

didates are required to send their names, and, if not members of

Trinity, certificates of moral character and good conduct to one

of the tutors of Trinity on or before May 19.

A DET.^iLED account of Father Cecchi's remarkable seismo-

graph to which we recently referred will be found in the January

number (1877) of Eldtricista. The Cecchi seismograph has been

adopted with good success at several of the larger Italian obser-

vatories and meteorological stations. In order to enable also

smaller establishments to obtain a similar apparatus at much less

cost, Prof Cecchi has lately constructed .a simpler one on the

same principle, which meets all the requirements for seismical

observations and gives nearly as many and as exact data as the

larger instrument. A full description of this is now being pub-

lished in the Eletlricista, and the adoption of it for meteoro-

logical stations may be strongly recommended. The whole cost

will not exceed 4/. or 5/.

M. SiCARD, member of the Italian Anthropological Society,

on making excavations on his property near Kischeneff, in

Bessarabia, at a'place called Moguil Liondia, discovered a very

large tumulus of earch, with human skeletons, remains of iron

objects, and an amulet of cirved bone. One of the corpses

appeared to have been interred with a horse, much in the same

way as the tribes of the Tehuelches and Pehuelches still bury

their fellow-men. Unfortunately the skulls were dispersed, but

M. Sicard is going to continue his excavations, and will give a

detailed account of his highly interesting discovery in the Riv'utx

di Antropologia e Etnologia, published by Prof. Mantegozia.

At the last meeting of the Ethnographical Section of the

Russian Geographical Society, M. Poliakof, referring to the

results of his last journey on the Obi, pointed out the remarkable

similarity between the present state of civilisation of the Osliaks

and that of the prehistoric inhabitants of the reindeer period of

France and Middle Europe. After a description of the features

which the present flora and fauna of the banks of the Obi have

in common with those of Europe at tint period, M. Poliakof

described the primitive mode of life of the Ostiaks. Their

utensils and implements almost exactly resemble those of the

ttone period and the islands of the Pacific, being made exclu-

sively of stone, of teeth and claws of bears, and of bone, and

their clo'.hes being either furs or woven from nettle filaments.

M. Poliakof descrrbed at length their mode of life, their wretched

homes, their cuitoms, their family relations, and their religion,

the latter being a mixture of the rudest fetishism with the

strangest superstitions. This people are rapidly fading away
before the advance of European civilisation.

During the diluvial epoch, the Danube entering into the

Vienna Basin, formed an inland sea, and covered the Tertiary

formations with deep layers of so-called loess, a mixture of loam,

lime, sand, and fuliaceous mica. The Imperial Academy of

Sciences at Vienna has lately set in operation an extensive series

of excavations with the view of uncovering the secrets hidden

beneath this thick coating of alluvium, and has already been

rewarded by interesting discoveries. The excavations in the

neighbourhood of Zeiselberg have disclosed a widespread

deposit of bones mingled with numerous evidences of the pre-

sence of mankind. These consist in quantities of charcoal,

bones which have been worked, artificially prepared tlints, tS;c.

The bones among which these prehistoric remains were found,

are those of the bear, horse, -mammoth, ox, reindeer, rhinoceros,

and wolf, all belonging to the diluvial fauna, and all apparently

inhabiting the Vienna Basin at that distant epoch iir the com-
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pany of man, for a chance gathering of these remains through

the agency of water is precluded by the local topography c f the

place.

News from M. I'rihcvalsky, forwarded on March 23 by

telegraph from Vernyi, appears in the official paper, the Rusiian

Invalid. On February 1 1 he had reached Lake Lob-Nor, vid

the Valley of the Lower Tarim. The population of the Valley

is very sparse. Its height above the sea is somewhat more than

2,000 feet. Its flora and fauna very poor. The topography is

quite different from that represented on the maps. He was,

at the time of telegraphing, in the mountains Altyn-Tagh, some

distance south of Lake Lob-Nor. The valleys of the exterior

spurs of these mountains reach about 12,000 feet above the sea.

Here, as well as in the lower regions there are wild camels-

In the neighbourhood of Lob-Nor he found the ruins of two old

towns. He was to spend February and March at Lob-Nor,

April on the Lower Tarim, and May and June on the Tian-

Shan, returning to Kuldja at the beginning of July.

We have received as a contribution to the Gauss Fund, 1/.

from Mr. G. Griffith.

The additions to the Zoological Society's Gardens during the

past week include an Egyptian Gazelle (Gazflla dorcas) from

Egypt, presented by Her Majesty the Queen ; an Indian Leopard

(Fclis pard:is) from India, presented by Dr. Sidney Smith ; a

Crested Porcupine {Hystrix crislala) from Ceylon, presented by

Capt. Smerdon, s.s. Orion ; a White Pelican {Pelecanus onocro.

inlui) from Egypt, presented by Mr. A. C. Henderson ; a King

Parrakeet {Apiosmictus scaptdatns) from New South Wales, pre-

sented by Miss Jones ; a Suricate {Suricaia zenik) from South

Africa, presented by Mr. J. Forbes Dixon ; an Indian Cobra

(Naia tripudians) from Ceylon, presented by the Hon. W. D.

Wright ; a Beisa Antelope (Oryx bcisa), two African Sheep

(Ovis aries), eight Vulturine Guinea Fowls (Numida vnUiirina),

from East Africa, a Toque Monkey [Macacus pileatus] from

Ceylon, deposited ; a Pigmy Marmoset [Ilapale pygmmus), two

Bay-headed Parrots (Caica Imccgastra), a Rough Terrapin

{Clemmys punctiilaria) from the Upper Amazons, purchased.

SCIENTIFIC SERIALS
The American Journal of Science and Arts, April, 1877.

—

On the sensation of colour, by C. S. Peirce.—Note on the

binocular phenomenon observed by Prof. Nipher, by J. Le
Conte.—Revision of the genus Belemnocrinus, by C. Wachs-
muth and F. Springer. —Thorpe's and Bunsen's methods for

the estimation of nitrogen in nitrates, by S. \V. Johnston.

—

Westfield during the Champlain period, by J. S. Diller.—New
embryonic forms of trilobites, by S. W. Ford.—The winds of

the globe, or the laws of atmospheric circulation over the sur-

face of the earth, by J. H. Collin.—On some nitro-derivatives of

diphenylamide, by P. T. Austen.—On mineral analysis ; on

some fluorides ; and on molecular volumes, by F. W. Clarke.

—

On the identity of the so-called Peganite of Arkansas with the

Variscite of Breithaupt and Callamite of Damour, by A. H.
Chester.—On a fibrous variety of sepiolite from Utah, by the

same.—On Dr. Peale's notes on the age of the Rocky Moun-
tains in Colorado, by J. J. Stevenson.

Po'^igendorff''s Annalen dcr P/iysii und Chcmic, No. 2, 1S77.

—

The spectra of chemical compounds, by M. Moscr.—Researches

on the volume-composition of solid bodies, by M. Schroder.

—

Current regulator for gas, by M. Teclu. —Contribution to Boltz-

mann's theory of elastic reaction, by M. Kohlrausch.— Further

communicattons on the connection between the viscosity and the

galvanic conductivity of various liquids, by M. Grotrian.—On the

theory of resonators, by M. Grinwis -- On photography of the

less refrangible parts of the solar spectrum, by M. Vogel.—Re-
searches on the motions of radiating and irradiated bodies, by

M. ZoUner.—New proof of the falsity of the emission theory of

light, by E. Feussner.—On double excitation of the ebonite

electrophoius, by ^L Schlusser.

Beibliitter zu den Annalen.—Quantitative comparison between
friction and galvanic electricity in respect of tension, by M.
Nystrom.— Oir the deduction of a new electrodynamic funda-

mental law, by M. Clausius.—Thermoelectric researches, by M,
Tidblom.

The Naturforscher (March).—^From this part we note the fol-

lowing papers :—On the functions of the larger brain (cerebrum),

by Herr Goltz.—On the expansion of growing vegetable cells

through the tension existing between the contents of the cells and
the membrane forming them, by Hu^o de Vrics.—On the spec-

trum of the new star in Cygnus, by R. Copeland.—On the

atomicity of phospharus, by Ira Remsen. —On the high tides in

the River Elbe, by K. R. Bornemann.—On the reproduction of

eels, by M. C. Dareste.—On the formation of hail, by \\. Fritz.

—On the inhalation of air by the roots of plants, by MM. P. P.

Deherain and J. Vesque.—On electrolysis accompanied by the

development of hydrogen at both electrodes, by Emil Elsaesser.

—On the daily and yearly course of magnetic declination, by J.

Hann.—On the behaviour of leaves in an atmosphere free from
carbonic acid, by B. Corenwinder.— On the companions of the

pole star, by A. de Boe and others.—On the spreading of drops

of liquids, by Fillipo Centolesi.—On the preparation of photo-

graphic plates in daylight, by Oswald Lohse.—On the oiigin of

the Hying power of bees, by Herr Utinhoff.—On the chlorophyll

of Coniferje germinating in the dark, by R. Sachsse.—On the

behaviour of chlorophyll in the vine, by G. Briosi.—On the

glycogen contained in muscles, by Th. Chandelon.

yoiirnal de Physique, March.—On the dynamical theory of

gases, by M. VioUe.—On the effects of a jet of air sent into

water, by M. de Romilly.—On the suspension and ebullition of

water on a large-meshed tissue, by the same.—On the phenome-
non of the black drop and its influence on observation of the

transit of Venus, by M. Andre.—The persistence of impressions

on the retina, various experiments with the projection-phena-

kisticope, by M. Gariel.—On Optography, by M. Kuhne.

Reale Islilulo Lomhardo di Scienze e Lcttere, Rendiconti, vol. x.

,

fasc. iii.—On two recent works (on flagellation and the ana-

tomical museum at Pavia) presented to the Institution, by M.
Verga —On some rare alterations of the first formation of the

uterus and its attachments ; on a cause not yet confirmed of

distonia, by M. Sangalli.—On a new defence of the theory of

Melloni on electrostatic induction, by M. Cantoni.—On the

divisibility of comets into minute parts, and on a dark spot found

in the Milky Way, by P. Secchi.

Revue des Sciences Naturelles, tome v. No. 4.—On the so-

called cladodes of Ruscus, by M. Duval-Jouve.—Study of a

chromogenic bacterium in the water of steeping of flax {Bac-

terium rnbescens, Ray Lankester [?] ), by Prof. Giard.—On the

development of the AuJuiUula Aceti, Ehrb., by M. Hallez.

—

Economical Aquarium, by M. Sabatier.

SOCIETIES AND ACADEMIES
London

Royal Society, March 22.—" On Stratified Discharges?'.

Stratified and Unitratified Forms of the Jar- Discharge," by
William Spottiiwoode, M.A., F.R.S. It is well known that if

a Leyden jar be discharged through a vacuum tube, the discharge

generally takes the form of an unbroken column of light, ex-

tending from the point of the positive terminal to the hilt of the

negative, i.e., to the extreme negative end ol the tube; and that

it shows no trace of either negative glow or intervening dark
space. On the other hand, I have found, by experiments with

a large Leyden battery, that if a tube luaving one terminal con-

nected with the negatively charged coating of the battery and
the other held beyond striking distance from the positively

charged coating, the discharge in the tube will show a separation

of the positive from the negative part by a dark intervening

space. Under suitable circumstances of exhaustion it will aho
show stri^, in the same manner as when the discharge is effected

directly with a Holtz machine, having the conductors either

closed or open beyond striking distance (see Roy. Soc. Proceed-

ings, vol. xxiii. p. 460). Again, I have found, with the same
battery, that if the tube bejconnected—otherwise as before—and
held at a distance less than at first, but a little greater than

striking distance, a stratified discharge much more brilliant and
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more like that produced by a coil will be exhibited. The latter

form of discharge appears to the unassisted eve as an unbroken

column of light, but with a negative glow and dark space. A
revolving mirror, however, resolves the column into a regular

array of stricc, having a rapid proper motion towards the positive

terminal.

With a view to examining the transition from the stratified

to the unstratified form as closely as possible, a Iloltz machine

was employed, wiih a battery of one or more jars. The outside

of this battery and ore terminal of the tube were connected with

the earth ; and the inside and the other terminal were alter-

nately connected with the positive conductor of the machine, so

that the battery was alternately charged and discharged through

the tube. The amount of charge was regulated partly by the

distance through which the conductors of the machine weie
separated, and partly by the number of revolutions of the machine
during which the charging took place.

The first object proposed was to ascertain whether a jar could

be charged with so small a quantity of electricity as of itself to

give a stratified discharge in a tube.

A number of tubes tried with various amounts of battery

charge, but with the same surface, showed that, as the charge

was increased, the head of the positive column advanced towards

the negative terminal, the dark sp.ace became narrower, and the

glow contracted in dimensions ; and when the head of the

column drew very near to tlie negative terminal, the glow,

instead of covering the whole surface of the terminal, formed a

.small drop at the point. On still further increasing the charge,

the drop withdrew to the hilt of the terminal ; and finally, when
it had completely retreated into the hill, the continuous or true

jar-discharge took place.

With a view to testing experimentally how far the effects here

described were due to quantity, and how far to tension, the size

of the jar was altered, all other circumstances remaining the same.

It was then found that the maximum charge compatible with

stratification ^^•as greater -h ith a large than with a small jar.

As a further experiment in this direction, a series of jars were
arranged in cascade, and it was found that the greater the number
of jars so arranged the smaller the charge necessary to ensure a

true jar-discharge. A charge insufficient to destroy stratificaticn

with onejar was sufficient to destroy them when more than onewas
used in cascade. These results point to tension rather than to

qu.intity as the determining cause of the character of the

discharge.

The duration of the stratified discharges observed throughout
these experiments was exceedingly short, indistinguishable, in

fact, from that of the true jar-discharge. When viewed in a

revolving mirror they showed no srgn whatever of prolonged
duration, ar,d we may thence conclude that, so far as our present

instrumental arrangements extend, there is no inferior limit to

the duration of discharge necessary for the prcduclion of strice.

A conif arisen of the results here obtained with those detailed

in Part ii. of these researches, shows that the phenomena pro-

duced by suitable disposition ol the Leyden battery coincide with

those produced by the induction-coil. With the coil it was
found that (i) for a given electromotive lorce the column of

strias was shorter the larger the battery surface or strength of

current used
; (2) that the prober motion, when directed as

usual towards the positive terminal, was n ore rapid the greater

the electromotive force employed. With the LeyfJen battery it

was found that (i) in order to maintain the same length of

column with an increased surface the charge must be increased

in a larger proportion than the surface ; and (2) it was noticed

that the striK which when the tensif n Avas low were distinct and
well separated, became mere blurred as the tension rose, until

they sometimes were blended into an apparently unbroken
column of light. The presence, however, ol the negative glow
still showed that the true jar-discharge had not yet been reached.

Geological Society, April 11.—Prof. P. Maitin Duncan,
F.R.S., piesident, in the chair.—John Robert Campbell, James
Carter, Wrlliam Radcliffe Ellis, William Hamilton Merritt,

William Morgans, and Edmund Albert Parsick, were elected

fellows of the societ)'. The following communications were
read :—On sardworn stones from New Zealand, by John D.
Enys, I'^.G.S. The author exhibited sjiecimens of sandworn
pebbles from near Wellington, in New Zealard, and described

their mode of occurrence.—The Bone- caves of Cresswell Crags,

third paper, by the Rev. J. Magens Mello, F.G.S. In this

paper the author gave an account of the continued exploration of

these caves, and of the completion of the examination of the

Robin Hood Cave, noticed in his previous communications.
Five deposits could be distinguished in the Robin Flood Cave,

namely, when all present :— I. Stalagmite, 2 feet. 2. Breccia,

with bones and flint implements, i foot 6 inches. 3. Cave-

earth, with bones and implements, i foot 9 inches. 4. Mottled

bed, with bones and implements, 2 feet. 5. Red sand, with b^nes
and quartzite implements, 3 feet. The most important discoveries

were made in the cave-earth, and chief among these was a frag-

merit of bone, having on it a well-executed outline of the head
and neck of a horse, the first recnrded discovery of any such

work of art in this country. As the result of the exploration of

these caverns, the author said it is evident that during the

Pleistocene period, Derbyshire and the adjoining counties were
inhabited by a very numerous and diver^sified fauna, the vast

forests and pastures which extended far to the east and south offer-

ing a congenial home to the mammoth, the woolly rhinoceros, the

hippopot.imus, the Irish elk, the reindeer, the bison, and the horse,

whilst among them the h)rena, the glutton, the be.nr, the lion,

the wolf, the fox, and the great sabre-toothed ]\lachairodus,

roained in search of prey ; and that with these and other

animals man lived and waged a more or less precarious struggle,

amidst the vicissitudes of a varying climate, sheltering himself in

the numerous caves of the district, which were already the

haunts of the hya;naand its com.panions. —On the mammal-fauna
of the Caves of Creswell Crags, by Prof. W. Boyd Dawkins,
F.K. S. In this paper the author gave anaccount of the remains

found in the caves explored by the Rev. J. M. Mello. He
stated that the recent explorations had proved that the Robin
Hood Cave was inhabited by hya'nas, not only during the depo-

sition of the cave-earth and breccia, but also during th.at of the

red-sand clay underlying it, which had .also furnished traces of

the existence of man. After noticing the conditions of the fossil

bones found in the caves, the author proceeded to remark upon
the general results of the explorations with regard to their

Pleistocene fauna, and concluded that there is no evidence from

these or other caves in this country to prove that their faunas .are

either pre- or inter-glacial, and that we have no proof of the

existence of pre- or inter-glacial man in Britain.

Zoological Society, April 17.—Mr. Osbert .Salvin, F.R.S.,

in the chair.—The secretary exhibited and made remarks on
some young Anacondas which had been produced dead by the

larfje female Anaconda purchased on February 15.—The .secre-

tary exhibited some photographs of the young gorilla, now living

in the Berlin Aquarium, and made sc-me remarks on what, it

now seemed certain, was an example of this ape, which was
formerly living in one of Wombwell's travelling menageries, and
was after its death transferred to the late Mr. C. Waterton's col-

lection.—A letter was read from Mr. W. A. Willes, in which he
gave an account of the success whicli had attended the endeavours

of the Acclimatisation Society at Christchurch to introduce

salmon into New Zealand from the Uni'ed States.—A com-
munication was read from' Mr. W. A. Forbes, F.Z.S., con-

taining a description of the peculiar organ knov.-n as the Bursa
/"«/';;«> in birds, and of its variations and modifications in the

different genera of the class which he had had an opportunity of

examining.—A communicaticn was read from M. L. 'I'ac-

zanowski, in which he gave a list of the birds collected in North-
western Peru in 1876 by Messrs. Jelski and Holzmann.
Amongst several new and interesting forms described was a new-

genus and species of Fringiilidae proposed to be called Gimtho-
spiza raimondii.—A communication was read from the Rev. R.

Boog Watson, containing some notes on the Madeiran Mollusc
identified by the Rev. R. T. Lowe as Achalina Jolliculus.—

A

communication was read from Mr. E. P. Ramsay containing the

concluding portion of his list of birds met with in Norlh-
Eastern Queensland, chiefly at Rockingham Bay.—A communi-
cation was read from Dr. Otto Finsch, containing a preliminary

account of the birds collected during his recent journey in the

North-Eastern part of Turkestan —A communication was read

from Prof. Owen, containing the description of a new species of

extinct kangaroo of the genus Sthcviiius, which he proposed to

call Sth. minor, together with some remarks on the relation of

this genus to Dorcofiis.— Mr. Edgar A. Smith read a paper con-

taining descriptions ol new species of South-American Hdicida
in the British Museum.—The Marquis of ;Tweedda]e, F.R.S.,
gave descriptions of four new species of birds from the Indian

region. These he proposed to name as follows :

—

Tric/wstoma

Uiuoprocta, Chyysococfyx livibori^i, and Fomatorhiuns nusfaii

(from Tenasscrim), and Brackypteryx /iKxloiii (hoxn .Sumatra).

—

Mr. Oslert Salvin exhibited and pointed out the character of a
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new genus and species of bird of the family Ampelid;e, from

Costa Rica, and proposed to call it Phainoflila melauoxaiitha.

Meteorological Society, April iS.— Rev. T. A. Preston,

M.A., in the chair.—W. Morris Beaufort and Arthur A.

Pearson were elected fellows of the Society.—The following

papers were read :—On the meteorology of Mozufferpore, Tir-

hoot, for 1876, by C. N. Pearson, F. W.S. This year partook

of the abnormal character of its predecessor, but in a different

degree, and with widely different results. The total fall of rain

was 57'69 inches, of which no less than 43'34 inches were regis-

tered in August, September, and October.—On the Diethc-

roscope, by Prof J- Luvini, of Turin. This is a new instrument

contrived by the author for observing the changes of atmospheric

refraction optically.—Improved (orm of thermometer for observ-

ing earth temperature, by G. J. Symons, F.M.S. This appa-

ratus consists of an iron pipe driven in the ground to the

required depth, and a small but very strong thermometer, the

bulb of which is so protected that no change of indication

occurs when the thermometer is drawn out of the tube for

reading. The pipe is closed at the bottom by weldinj, and the

point hardened so as to penetrate the soil with ease. For depths

of 3 feet and under the thermometer is inserted in a light rod,

but for all greater depths it is mounted in a short weighted stick

attached to a strong chain.—Note on the degree of accordance

of Mr. Glaisher's and the Kew thermometer standards, by

William Ellis, F. R.A.S. This paper gives an account of the

comparison of eight thermometers at the Royal Observatory

which had been previously compared with Mr. Glaisher's and

the Kew standard thermometers, and the result shows that the

two standards are practically identical.

Entomological Society, April 4.—Prof. Westwoad, presi-

dent, in the chair.—Messrs. G. Harding, C. A. Briggs, and J.

T. Carrington were elected ordinary members, and Messrs. E.

H. Birchall, T. D. tiibson-Carmichael, and V. Cluse were

elected subscribers.—The Secretary exhibited a collection of

fine species of Lepidoptera from a place about twenty miles

from Bangkok in Siam, forwarded to him by Mr. R. Garner,

F.L.S., of Stoke-upon-Trent.— Mr. McLachlan exhibited a

specimen of Ophidtres matcrnn, a brightly-coloured exotic species

of NoclnidiT, given to him by Mr. R. H. Scott, of the Meteoro-

logical Office, with a note to the effect that it was taken at sea

in lat. 25° 24' S., long. 62° 10' E. (the nearest land being the

island ol Mauritius, about 360 miles distant), by Capt. Raeburn,

of the ship Airlie. The muth is a common Indian species, but

is found also in Africa. A specimen was long ago received from

Brazil, and Mr. Grote had recently noticed its occurrence in

Florida. He also exhibited a cocoon and pupa of a species of

CetoniidiC (probably Dirlo^uatlius lilacais), (rom Cameroons,

sent to Mr. Rutherford. The cocoon appeared to be formed of

dark brown earth, but attached thickly to the exterior were

oval, slightly flat:ened, deep black, hard bodies (each nearly

five lines long by two broad), which he thought were probably

the excrement of some rodent animal. Mr. Champion exhibited

Stcnns kiesenwdlcri (hither'o only found in this country at Wim-
bledon), Gytiiiium bra'icoUis, BtinbiJium iiip-icornc, and Plocio-

meni! liirUus, all from Chobham • also Phi'onthus licalricosus,

from Shoreham.—Mr. Howard VaUghan exhibited (on behalf of

Mr. Bidwell) a specimen of Notodoiita tnlophiis, taken about the

year 1867 by a lamplighter at Ipswich, who had it alive with

several specimens of N. ziczac. It was only the second (authentic)

capture of the insect, the first having been found at Saint Osyth,

Essex, by Mr. Douglas.—The President read a letter he had

received from Mr. B. G. Cole respecting the subject of Season-

Dimorphism in Lepidoptera. He observed that from a number

of CMS laid by Ephyia fiinctario, those that emerged in July

were of the spotted variety, while those which remained in the

pupa state till the following May, in all respects resembled the

mother. Mr. Cole referred to some remarks by Dr. Knaggs, pub-

lished in the Entomo'ogists' Monlhly Magazine (vol. in. p. 238)

as bearing on the same subject. He considered it probable

that the insects that were iiroduced by a slow process of develop-

ment would pro'Juce the May form (which might be considered

the type), whilst those whose development was hastened by the

heat and li"ht of summer would produce smaller and less perfect

insects. Mr. McLachlan alluded incidentally to the Lepidoptera

brought home by the Arctic Expedition from the far north

(82" N.), and said that the larvrc of most of those species, must,

of necessity, require more than one season to acquire their full

growth ; for the short and fitful summer was utterly inadequate

for the full development in one season of most of the species,

and furthermore, it was probable that the pupa state might

habitually last several years.—The President read notes upon a

strepsipterous insect, parasitic on an exotic species of Homoptera,

(Epora snbtilis, Wlk.), from Sarawak, accompanied by drawings

illustrating the metamorphosis. He also read notes on the

genus Prosopistomi, especially with regard to the species from

Madagascar described by Latreille, of which he exhibited the

types.— Mr. Cameron communicated a paper on East Indian

Tenthredmidu, and Mr. Butler a paper on the Lepidoptera of

the Amazon Valley, collected by Dr. Trail in the years 1873-75.

—Mr. Baly communicated descriptions of new species of llaltiddic

and Mr. C. O. Waterhouse a monograph of the Australian species

of the Coleopterous family Pyc'uht.—Wr. F. Smith read de-

scriptions of new species of the genera Pseudoniyrtna and Tetra-

ponei-a, belonging to the family MyrmicidiC.

Institution of Civil Engineers, April 24.—Mr. George

Robert Stephenson, president, in the chair.—The first paper

read was on a deep boring for coal at Scirle, Lincolnshire, by

Prof Edward Hull, F.R.S. This boring was commenced about

four years ago by a local company, to test the presence of co.al

in the neighbourhood of Lincoln— Mr. J. T. Boot, of Mans'ield,

being the engineer—and had been carried out by the Diamond

Rock Boring Company. The total depth attained was 2,030

feet ; but as this depth was insufficient for the object in view, it

was desirable that the bore-hole should be carried further down.

The following formations, with their approximate thicknesses,

had been passed through :

—

'
Depths. Tlurkness.

heet. Feet.

Alluvial Strata

Lower Lias Clay and Limestone

Rhojtic Beds ...

New Red Marl and Sandstone

Permian Beds
Carboniferous .Strata

Although the carboniferous strata had been reached, the cores

brought up were of so peculiar a character as to leave it uncer-

tain to what portion of the carboniferous formatioii they be-

longed ; and, as the question of the eastward extension of the

Yorkshire coal-field was one on which a boring at tiiis spot was

calculated to throw much light, it was important, both in an

economic and in a scientific point of view, that it should be con-

tinued until something definite had been determined.—Tfie

second paper read was on street tramways, by Mr. Robinson

Souttar.

10
,
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MATHEMATICS IN AMERICA

Elements of the Differential and Integral Calculus, by a

new Method, founded on the True System of Sir Isaac

Newton, without the Use of Infinitesimals or Limits.

By C. P. Buckingham. (Chicago : S. C. Griggs and

Co., 1875. 343 pp.)

Elements of the Infinitesimal Calculus, with Numerous
Examples and Applications to Analysis and Geometry.

By James G.Clark, A.M. (Ray Series. New York :

Wilson, Hinkle, and Co., 1875. 441 pp.)

On a New Method of Obtainitig the Differentials of
Functions with Especial Reference to the Newtonian
Conception of Rates or Velocities. By J. Minot Rice

and W. Woolsey Johnson. (New York : D. van Nos-

brand, 1875. 32 pp.)

AN American writer who had exceptional opportunities

of contrasting the methods of mathematical teach-

ing adopted in his own country with those which obtained

at Cambridge twenty-five years ago, strongly condemns
the Transatlantic system, and leads his readers to infer

that the attainments of the ordinary graduate in this par-

ticular branch of study vvere only on a par with those of

a fairly trained schoolboy here. It may be supposed,

then, that not many of the students ventured upon the

difficulties of the calculus. Indeed, he writes that " at

Yale where the course used to be thought a very difficult

and thorough one, the Differential was among the optional

studies at the end of the third year." (Bristed :
" Five

Years at an English University," vol. ii
, pp. 94, &c.,

1S52.)

We are not in a position to say that all this has

been changed in the interim, but among many evidences

of the increased interest taken in mathematical studies

\vc may surely refer to the three works now before us.

All three give evidence of careful study and honestly

grapple with the difficulties which beset the learner at the

very threshold of his inquiries. De Morgan long ago

wrote that " it is matter of common observation that any

one who commences the study, even with the best ele-

mentary works, finds himself in the dark as to the real

meaning of the processes which he learns, until, at a

certain stage of his progress, depending upon his capa-

city, some accidental combination of his own ideas

throws light upon the subject." The authors of the third

work under review refer to D'Alembert's precept, " AUez

en avant, et la foi vous viendra."

iSIr. Buckingham takes as his fundamental idea of the

conditions under which quantity may exist to be that we
must not consider it only as capable of being increased

or diminished, but also as being actually in a state of
chaui^e. "It must (so to speak) be vitalised, so that it

shall be endowed with tendencies to change its value ;

and the rate and direction of these tendencies will be

found to constitute the groundwork of the whole system.

The differential calculus is the SCIENCE OF RATES, and
its peculiar subject is quantity in a state of
CHANGE."

Conceding to Leibnitz the honour of being the first to

Vol. XVI.—No. 393

construct a system of rules for the analytical machinery
of the science, he will not allow that he ever got beyond
the ancient conception of the conditions of quantity.
" The only original birthplace of the fundamental idea

of quantity which forms the true germ of the calculus

was in the mind of the immortal Newton."
An introduction of thirty-six pages discusses the method

of Descartes, the infinitesimal method (the results of

which are true, while the method is false—" true results

not because its principles are true, nor because its errors

are small, but because they are, whether great or small,

exactly equal, and exactly cancel and destroy each other.

. . . the system is but a mere artifice."), the method of

limits (here our author discusses Lemma I., Book I. of

the "Principia," considers Newton's defence of the Lemma,
and the opinions of Comte, Lagrange, and Berkeley, and
points out what he believes to be the fundamental errors

of this method and of the infinitesimal method). What
is called the true method of Newton is then treated of.

Referring to Newton's letter to J. Collins (December 10,

1672), he says that the theory on which Newton formed

his method of fluxions is contained in the second Lemma.
The lemma is given in full and discussed. " It is to be

remarked that the doctrine of limits is nowhere hinted

at, but the results are direct, positive, and substantial."

We cannot tarry longer over this matter, but in connec-

tion with this point refer to De Morgan's " On the Early

History of Infinitesimals in England" [Phil. Mag. Novem-
ber 1S52). Prof. Clifford, too, if our recollection of an oral

communication be correct, puts this lemma prominently

forward in his (.''unpublished) "Foundations of the Dif-

ferential Calculus and of Dynamics." In the work itself

we have the calculi (differential and integral) applied to

the subjects which usually find a place in similar treatises.

There is an appendix of thirteen pages on geometrical

fluxions. Many examples are worked out, but the merit

of the work does not lie at all, we think, in this direction,

but altogether in the numerous discussions which are to

be found in almost every chapter.

Mr. Clark's work has been exceedingly well printed,

the type is very clear, and the paper good. This treatise,

too, is written with a view to remove " all grounds for

that feeling of uncertainty which often possesses the

student at the very outset, and from which he rarely finds

it possible to extricate himself." Much space is given to

an exposition of the Doctrine of Limits—the work being

founded mainly on that by Duhameh A large number of

examples have been taken from EngHsh treatises (Hall,

Walion, and Todhunter). Rather more ground is covered

in this treatise than in the former ; in neither, however,

have we any discussion of maxima and minima of func-

tions of more than two independent variables, nor of

methods of changing the variables in multiple integrals.

Here a few piges are devoted to definite integrals and

to differentiation and integration under the sign J

.

Seven chapters are devoted to the elementary parts of

the theory of differential equations. The work, though

it does not reach the level of the like works by Messrs.

Todhunter and Williamson, is yet a compact and fair

elementary treatise.

The third work on our list is a revised edition of a

paper read before the American Academy of Arts and

Sciences, January 14, 1873. It is the authors' intention
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to publish a text-book in accordance with the plan

adopted in this pamphlet. The objects are, " first to

present a new method of deriving the differentials of

functions by means of their algebraic characteristics with

the aid of a few elementary properties easily established,

and secondly lo show that the method of rates or lluxions

may be advantageously used for the purposes of instruc-

tion, and the use of infinitesimals, limits, and series en-

tirely avoided until the student is well grounded in the

elements of the calculus."

The first seven articles under the head "the Newtonian

Method of Fluxions," treat of the methods in general use

at the present time, and contain extracts from Tod-

hunter, Lacroi.x, Carnot, and Cournot, especially directing

attention to the positive advantages of the Newtonian

method, as set forth by the last-named writer. The next

six articles are occupied with the " Proposed Method of

treating the Differential Calculus."

The, remaining half of the pamphlet is given to alge-

braic and transcendental functions. It would be very

interesting to lay before our readers an account of the

ingenious methods adopted by our authors, but it would

take up too much space. Some idea of the original paper

(and there are no great differences, we fancy, between the

two publications) can be got from an account of it fur-

nished by Mr. J. W. L. Glaisher, F.R.S., in vol. iv. (pp.

58-64) of the Messenger ofMathematics (1S75).

Altogether, on a review of the three books before us,

we anticipate that mathematical studies are destined to

occupy a more prominent position in the American

colleges and schools than they have in the past.'

R. Tucker

LETTERS TO THE EDITOR
{The Editor does not Iiold liimself responsible for opinions expressed

by his correspondents. Neither can lie undertal;e to return,

or to correspond with the writers of, rejected vtanuscripts.

No notice is taien of anonymous communications.

Tlie Eddor urgently requests correspondents to keep their litters as

short as possible. The pressure on Ins space is so great that it

is impossible otherwise to ensure the appearance rjen of com-

munieations containing interesting and novel facts. ]

Visibility of the Ultra-Violet Rays of the Spectrum

It is well known how sur[)risingly rich in rays of high refran-

gibility the spectrum of the electric arc formed between carbon

points is, above that of all other artificial flames ; and also how
far beyond the ordinarily discernible rays of the solar spectrum,

formed by a glass prism, light may be traced by eyes carefully

shielded, and raised to the highest susceptibility to perceive it.

The name of " lavender-grey " rays has been given to tliemfrom

a colour of that tint which they are considered to possess, Init the

term "ultra-violet," which is more commonly used, betrays

perhaps a lingering doubt as to the sensible existence of another

order of coloured rays in the spectrum distinct from the violet

and superior to it in refrangibility, which has yet been detected

by very close and careful observation. All doubts of this kind,

which from want of sufficient acquaintance with that part of the

spectrum I have mjself been hitherto rather too prone to enter-

tain, have lately been quite dispelled by frequent observations of

the spectrum of the electric arc between carbon points thrown

by a quartz prism on a white paper screen. The violet end of

the spectrum terminates rather abruptly, or at least beams with

bright colour that fades off very quickly ; and in the dark space

beyond it three more refrangible bright bands are visible with

more or less distinctness. Tlie middle one of the three is the

brightest, and from its perfect freedom from colour, in which it

contrasts most remarkably with the strongly-tinted light-belt

near it, and its distant separation from the violet termination

» We are conhrmed in our views oa this subject by a perusal of Dr. Syl-

vester's characteristic address at the Johns Hopkins XJniversity on Com-
memoration Day, February 22, 1877.

of the continuous spectrum, I at first hastily ascribed it to a
"ghost," or faint image of the slit, indirectly refracted and
reflected through the prism, and thrown with the spectrum on
the screen. That it is not so, however, is shown by the action
of these three lines on fluorescent substances, of all of which that
I have tried they excite the fluorescence most strongly, especially
that of fluorescin, eosin, rose of Magdala, and other solutions, all

of which alike show thes e rays to be clearly defined and well-
insulated spectral bands. In particular, the solutions of a;sculin,

paviin and amido-terephthalic acid are only excited by these
"ultra-violet" lines, and not by any rays in the spectrum of
lower refrangibllities, clearly showing that the vigorous fluor-

escence that they produce is not the effect of any ordinary light-

beam of common refrangibility, irregularly transmitted by the
prism, but that they are well-marked rays, probably of carbon,
in the spectrum of the voltaic arc. The light of the middle band
is bright enough to be easily reflected and examined separately
fiom the rest of the spectrum on a white screen, where it is so
nearly grey or colourless that it scarcely admits of being ranged
in any colour scale, although the name " lavender-grey " per-
haps expresses better than any other term the faintest possible
tone of colour which, if it exhibits any at all, this almost purely
neutral, or steel-grey band of rays may possibly be suspected to

possess. It is a little more strongly absorbed by ordinary plate-

glass than the neighbouring violet b.ands ; but it remains visible

in the spectrum of the arc formed by an ordinary flint glass

prism, though much spread out and enfeebled by the dis-

persion, which gready exceeds that of a quartz prism of the

same refr.acting angle. It is perhaps for this reason that it is not
perceptible in the spectrum of the arc as usually projected on a
screen with a fluid-prism of bisulphide of carbon, but if the
latter is replaced by benzine, which disperses the light less than
flint glass, it forms a pretty conspicuous grey band in the spec-

trum. The other two lines or bands are so much fainter than
the principal one, that in general they can only be found with
the help of a fluorescent substance, and where so faintly visible

it is not possible to speak positively as to their colour. The
less refrangible is very near the violet termination of the spec-

trum, and when well seen it shares its violet tinge ; the more
refrangible one is nearly as far beyond the principal grey band
as this band is beyond the margin of the violet, and as far as its

weak light allows one to distinguish, it is of the same colour as

the brightest band. In order to determine their positions, some
measurements were made of metallic lines, and of the spectra of

sodium, lithium, thallium, and strontium in the arc, with the

result that the violet part of the continuous spectrum extends to

the closely-neighbouring positions of the hydrogen line H5 (/j),

the potassium flame-spectrum line K0, and the last violet

line in the arc spectrum of a salt of strontium. The first

faint outlying ray occupies nearly the position of Hj in the solar

spectrum, and it is therefore in the true violet region of the

spectrum, as its colour faintly indicates. The prominent grey
line begins with its brightest edge about as much further bey ond
this, from the end of the violet field ; and becoming weaker from
there, it is about twice as broad as the distance between the two
Fraunhofer lines H, its mean position in the spectrum being
nearly as far from H as II is from //, reckoning the distances as

they would be seen with the quartz ptism and with solar light.

The third faint line occurs about as far again from the violet as

this band ; and it lies at least as far beyond H as the distance

between G and 11 in the solar spectrum. Yet it is visible there

by glimpses, like the first faint member of the group, which it

does not yet by any means surpass in the strength with which it

produces fluorescence.

If any fresh proof was needed of the characteristic grey appear-
ance of visible rays in this portion of the spectrum rt was soon
presented in one of the metallic spectra used to determine their

positions. The spectrum of mercury exhibited a bright line

(beautifully distinct when a fluid prism of benzine was used with
a refracting angle of between 50" and 60 ), much brighter than
the principal grey carbon band, considerably more refrangible,

and of the same tintless, and perfectly neutral grey appearance.
Though not so distant from the violet as the most refrangible

faint carbon line, it is yet according to the best mea~urements and
identifications that were made, about as far beyond II j in a
prismatic spectrum as Hi is from G ; and radiation of thrs high

degree of refrangibility is evidently strongly luminous, when
sufficiently intense, with homogeneous grey light characteristic

of this regiou, and contrasting conspicuously m its appearance
with the zone of violet colour, which often borders closely upon
it in electric spectra.
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Third do., faint, grey ,

The wave-lengths of the bands, and other positions in the
spectrum, roughly obtained, by which it may be possible to iden-

tify some of them in photographic spectra, although open to

some uncertainty from the inconstant length and strength of the
arc of llame in the electric lamp, which confused and shifted

some of the comparison lines, were as follows :

—

Electric Arc with Carbon Poles. Wave-lengths.

End of the violet field (-4, K|3, and last

violet line in arc-spectrum of strontium,

4,080-4,100) About 4,100.
First light-band ; faint violet-grey (IIj,

3,968 ; H„, 3,933) About4,ooo~3,95o.

Second do., strong grey band
| "^"^o"'

800™ ^'^°°

(.Strong grey line of mercury About 3,700).

\ Between 3,600 and

{ 3,500 (?).

Other metallic arc-spectra probably present lines in this por-

tion of the spectrum, of which it would be interesting to examine
the apparent brightness and the colours. At present the most
conspicuous that I have met with is the grey line of mercury,
which is brighter and more refrangible than the grey band of the

electric light between carbon points. Its very advanced position

in the spectrum, and the absence, or negative appearance of

colour in its pretty bright light, both taken together seem to

indicate very clearly that the grey or "lavender-grey " division

of the spectrum fully equals in extent, when seen prismatically,

the violet, the indigo, the blue, or any of its other better known,
and much more ordinarily visible companion regions, the seven
Newtonian colour-spaces of the spectrum. A. S. Herschel

College of Science, Newcastle-on-Tyne, April 26

Pele's Hair

I HAVE read with great interest Mr. Moseley's description of

Pele's Hair in NATURE (vul. xv., p. 547), since it furnishes

information which I was most anxious to obtain. It seemed to

me extremely probable that the analogy between Tele's Hair
and the aitificial furnace products would not be confined to the

long fibres, and I did my best to ascertain whether irregular

glassy spherules occurred along with the natural products. I

was unable to obtain sjecimens for examination, but paid a visit

to my friend Mr. J. G. Sawkins, F.G.S., who had explored the

crater and collected the hair, in order to ask him whether he
had ever noticed the pear-shaped spherules. lie told me that

he had never seen arything but the glassy fibres. I must say

that I lelt very much inclined to believe that the specimens
usually collected ate the material which has been blown
some distance by the wind, consisting of the fibres from
which most of the spherules have been broken. Mr.
Moseley's letter in Nati;re, and another which he has
kindly addressed to me, make me believe that the analogy be-

tween the artificial and natural products is more complete than

I was able to ascertain before Mr. Moseley's observations were
published. In conclusion I would say that these facts in no
way invalidate my arguments in respect to meteorites. They
merely show that in certain cases the glassy volcanic spray, like

melted furnace-slag, can to some extent collect into more or less

imperfect spherules, so far analogous to those in meteorites as to

indicate how those remarkable bodies were formed, but these

spherules are accompanied by many fibres, which I have never

yet seen in meleorites. This difference appears manifestly to

depend on ihe difference in the temperature of the space into

which the glassy spray was thrown. If the temperature of the

air in the crater of Kilauea were equal to that of the melting

point of the lava, we should almost certainly find, as in

meteorites, many spherules and no hairs. ' H. C. Sorby

The Critical Point of Carbonic Anhydride

As the writer is not aware that any attempts have hitherto

been made by others to exhibit to a large class the phenomena
attendiirg the passage through the critical point of a liquid in

the presence of its gas, he is of opinion that the following ac-

count of a method which be has found very successful may be of

interest :

—

Dr. Andrews's apparatus for the study of gases was employed
in the experiments, and the image of the tube containing the

carbontc anhydride was projected on a screen by means of the

oxy-hydrogen lime-light and a solar microscope which magnified

it about 120 diameters. Dr. Andrews's apparatus consists of a
thermometer tube filled with carbonic anhydride and a second
tube filled with dry air, which serves to measure the pressure
applied. The lower ends of these tubes dip beneath the surfaces
of mercury contained in test-tubes, which are suspended in strong
copper cylinders communicating with each other, and filled with
water, which presses on the mercury in the test-tubes. The
pressure is applied by means of long steel screws which pass
through the bottoms of the cylinders. For the filling and mount-
ing of these tubes the University of Cambridge is indebted to
the kindness of Dr. Andrews. The lantern was supported on
three screws, which allowed it to be raised or lowered so as to
bring any required portion of the thermometer tube into the field

of view of the microscope. The best height for the lantern was
found to be such that the top of the tube was rather less than
half an inch above the axis of the microscope. When the
oxygen was turned on, the radiation from the lime cylinder

raised the temperature of the portion of the tube within the field

of view above the critical point in little more than a minute, so
that no other source of heat was required ; but when the oxygen
was turned off the tube cooled through several degrees.

The best method of performing the experiment is .as follows :
—

The lantern having been properly adjusted, the gas should be
lighted, the Oxygen turned on, pressure applied until the sur-

face of the mercury conies into the field of view and the micro-
scope focussed so as to give a distinct image of this surface. The
pressure should then be relieved and a blast of cold atr from a
bellows or gas bag directed against the tube. This will cool it

considerably below the critical point. The pressure should then
be increased, the cold blast being continued until the inverted

image of the concave surface of the liquid reaches the middle of

the field of view appearing as a broad dark line possessing con-
siderable curvature, and, of course, concave downwards. The
focussing screw should now be finally adjusted so as to give the

best image of this surface, and the blast then stopped. Imme-
diately after cutting oft' the blast the operator must obtain com-
mand over one of the screws and carefully increase the pressure

as the temperature rises so as to keep the image of the liquid

surface just above the centre of the picture on the screen. As
the temperature and pressure increase the broad iniage of the

surface becomes narrower and less concave until, as the tem-
perature approaches the crttical point, the line becomts very
tliin and faint and loses its curvature altogether ; it then seems
to explode into mist and vanish as the critical point is reached.

Another half turn of the screw then produces the well-known
clouds or flickerings, which are best seen on the screetr some-
v.bat below the middle of the field, and in a few more seconds
all is steady. More pressure should then be applied until the

mercury rf^aches the axis of the microscope, but no change of

state will be manifested by the carbonic anhydride.

It is important that the image of the surface of the liquid

should not be below the centre of the field of view on the screen,

for if the liquid stand in the tube above the axis of the micro-

scope, since the greatest heat is there concentrated, bubbles of

gas are liable to be formed within the liquid and to damage the

continuity of the surface. Perhaps the flickerings may be due to

unequal temperatures at different parts of the tube, so that some
are just above and others just below the critical point. The
mode of propagation of a sound wave through a substance just

at the critical point may be an interesting subject for inquiry.

After passing the critical point the blast of air should be
directed against the tube for about a minute. This will, of

course, cause the image of the mercury to descend upon the

screen, but no change of state will appear to take place in the

carbonic anhydride. The pressure should then be rapidly dimi-

nished by turning the screws, when a violent ebullition wiU be
seen, showing that the whol^ of the contents of the tube had
assumed the liquid state during the cooling, the gas having

passed at the critical point into the liquid without breach of con-

tinuity, so that no indication of a change of state was apparent

on the screen. On increasing the pressure and continuing the

blast the liquid surface will again appear, and the experiment

can be at once repeated. \Vm. Garnett
Cavendish Laboratory, Cambridge

Floating Cast Iron

Having read the interesting letter on this subject which ap-

peared in Nature (vol. xv., p. 529), I send the following copy

of notes of experiments which I made about three years ago.
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Several pieces of pig iron were put into a ladle (holding about

one ton of metal) ; these at /irst sank, and a rush of hot metal

took place upwards ; after a few seconds the pieces of pig iron

appeared /haling, -inth very lilile of their bulk above the

surface of the molten metal. A piece of llattish metal of irre-

gular shape floated with a small portion alone of its corners

above the surface ; it was close to side of ladle. Pieces of flat

ca.<-.t-iron bars, 20" X 2" X i", were carefully placed on surface

(the latter being well skimmed) ; they floated without going

below the surface. One of these pieces, which was put in etui

on, kept in this position for a few seconds, with its upper end

above the surface ; the other end then came up and floated on

its flat side. In some cases a sharp crack was heard when the

metals touclied, and a white flame on one occasion burned like

a gas jet from the side of one of the pieces.

The surface of the molten metal was in constant motion due

to the currents within its mass, and showed the variegated tex-

ture or "break" pecuUar to this condition of the metal. From
notes of an experiment which I arranged for, but did not see

carried out, I find that a cast-iron ball of about 2j" diameter,

when lowered by a fine wire upon a well-skimmed surface of

molten cast iron, disappeared completely at first, and then in a

few seconds rose and floated with about half an inch diameter

of surface exposed ; it was then raised from the metal, when it

showed a red glow on the lower part. It was again lowered, but

now did not sink, but floated with about twice the surface ex-

posed, as on the first experiment.

Different views are held as to the behaviour of cast iron when
passing from the molten to the hot solid state, and finally to the

cold (or ordinary temperature) state.

Some hold that the molten metal, on solidifying, expands like

water passing into ice, and that it retains this expansion to such

an extent that the col(l colid is specifically lighter than the molten

metal. Others hold that no such expansion takes place, and that

finally the cold solid is specifically heaviir than the molten metal.

A third view is that the molten metal on solidifying expands,

and that it then contracts during cooling, until it reaches ordi-

nary temperature, when through the cooling it is specifically

heavier than in the molten state.

From the fact that in foundry practice the linear contraction

is taken at ,,'5'^ P^f^ there can be little doubt that the finally

cooled solid is specifically heavier than the molten metal ; again,

fiom the sharpness of form of iron castings and other circum-

stances, expansion appears to take place on solidification.

The above experiments, I think, favour this latter view, as the

floating took place more readily with small than with large

pieces, partly due to their relative bulks and surfaces.

A probable explanation, in part at least of these phenomena,

I think, is that the cold metal, when at first put in, is specifically

heavier than the molten metal, but owing to the great heat around

it (over 2,000° F.) it is rapidly heated, and consequently expanded,

and when sufficient volume has thus been obtained it floats. It

is evident that small pieces, being more readily heated, may re-

main floating, whilst heavy pieces, whose volumes are larger in

proportion to their surfaces, will take longer to heat, so as to

induce the required change of volume, and may therefore at first

sink, remaining below the surface till sufliciently expanded to

rise and float. The experiment with the ball bears out this well,

as, being a sphere, its surface was a minimum.
These experiments appear to corroborate very well those of

your correspondent.

The following experiments which I lately made with lead may
be of interest :

—

An ingot of lead of 14 lbs. weight was placed on the surface

of about 160 lbs. of molten lead; it at once melted. After

allowing the metal to cool a little, an ingot was carefully placed

on the surface, when it immediately sank, bubbles lising up to

the surface ; it was heard to strike the bottom of the ladle.

Another ingot was tried ; it also s.ank, and could be felt at the

bottom (these ingots were cast from the lead in the pot). A
small solid piece was cast of about i., lb. weight, which also

sank. Pieces of sheet lead were rolled up and placed on surface
;

these ytete/; the contained air and great surface in the latter

would account for this.

These latter experiments with lead correspond very well with

those of your correspondent with zinc. W. J. MiLLAR
Glasgow

Yellow Crocuses

In my garden the sparrows do (not touch the crocuses. In

that of a friend, some miles off, they attack the yellow ones

exclusively. I address you chiefly to report a fact related to me
by the vicar of a neighbouring parish, whose garden is infested

with mice. He tells me that for some time he thought he could
not grow crocuses at all, as the mice destroyed the corms, disco-

vering and digging down to them, even when there was no trace
of the plants on the surface. At last he found that they did not
attack the purple crocus, and on his planting the edge of a long
border, with alternate clumps of yellow and purple crocuses, the
mice almost entirely destroyed all the clumps of yellow, but left

the purple untouched. Possibly the purple plant possesses some
acrid or bitter taste, rendering it nauseous to animals—the corms
to mice, the flowers to sparrows and other birds.

Newton-le-Willow.=, May 4 Thomas Comber

Hog-Wallows and Prairie Mounds
If Mr. Williams is right, and the " hog-wallows" are simply

American cousins of our "eshars" or "kames," is it not rea-

sonable to credit that "atmospheric erosion " to which Prof. Le
Conte attributes the formation of the former with a much more
important influence upon the shapes of the latter than British

geologists generally seem disposed to accord to it? It is very
difficult to conceive that mounds of loose sand and gravel,

whether in valleys or on plains, should have retained the impress
of the glacier or the iceberg throughout the vast time that must
have elapsed since these phenomena entirely disappeared. And
if it be conceded that these mounds have been modifiei in any
degree by subaerial denudation, it will be found diflicult to

limit the extent to which they are indebted to it for their present
forms, or indeed to deny that it alone may have shaped them.
Newport, Fife, May 7 Jas. Durham

A " Golden Bough "

In the gardens of New College, Oxford, there is a fine avenue
of horse-chestnut trees, most of which have had some of their

lower limbs lopped off, followed by the usual crop of abundant
smaller shoots around the original bough. In one tree, how-
ever, vrith respect to one severed branch, these resultant shoots

bear, year after year, not green, but pale yellow leaves, the
summer through—

-

" Primo avulso non deficit alter

aureus, et simili frondescit virga metallo."

It would be interesting to know of other instances of such a
veritable "golden bough," and whether any explanation can be
given of chlorophyll so remarkably failing to develop its blue-

green constituent under no obviously peculiar circumstances. It

seems a strange anomaly to find an apparent case of host and
saprophyte in one. Henry T. Wharton

SPONTANEOUS GENERATION
/^N Friday evening last the Rev. W. II. Dallinger made an
^^ important communication to the members of the Royal
Institution on " Recent Researches into the Origin and Develop-
ment of Minute and Lowly Life-forms ; with a Glance at the

Bearing of these on the Origin of Bacteria." Biological Science
to-day presents us with a magnificent generalisation ; and that

whicli lies within it and forms the fibre of its fabric, is the estab-

lishment of a continuity—an unbroken chain of unity—running
from the base to the apex of the entire organic seiies. But
does this imposing continuity find its terminus on the fringe

and border of the organic series, and for ever pause there? or, can
we see it pushing its way down and onward into the unorganised

and the not-living, until all nature is an unbroken sequence and
a continuous whole ? That such a sublime continuity may be
philosophically hypothecated is to be believed. But that data

have been presented to us demonstrating how and by what path
the inorganic passes to the vital, the living into the not-living,

may be denied. The properties of living matter distinguish it

absolutely from all other kinds of things, and the facts to-day in

the hands of the biologist furnish us with no link between the

living and the not-living. This is an inference which has been
fiercely disputed.

But what are the nature of the proofs relied upon to establish

the " spontaneous " or not living origin of living things ? They
were chiefly thermal experiments upon the lowest septic

organisms, without an attempt to discover what was their life

history, and whether they propagated by germs or not. It was
argued that the adult organisms being killed at a given tempera-

lure much below the boiling point of water, if an infusion were
boiled with every possible precaution, and whiLt boiling her-



p
May lo, 1877] NATURE 25

metically sealeJ, and after a lapse of time on opening the vessel

the organisms were found in a living state, they must have arisen

de luv;'. That is, the not living would have produced the living ;

that this method is useful, and that it must be pursued in an ex-

haustive inquiry into the whole subject, must be freely admitted.

But that it is the best, or at least the only, method of inquiry

for the biologiit we may gravely doubt.

Ten years ago Mr. Dallinger detern\ined to endeavour to work
out by actual microscopic observation the life history of some of

the lowly life forms.

After four years spent in preparation he commenced his work
in conjunction with Dr. Drysdale, the plan needing two ob-

servers. A characteristic feature of the work was that each set

of observations should be made .absolutely continuous, so that

nothing should have to be inferred. An arrangement was made
by which the little drop of septic lluid containing the objects

under examination should be free from evaporation, and very

high powers were employed. The largest adult objects included

in the examination were the one-thousandth of an inch, the

smallest adults were the four-thousandth. Six forms altogether

were selected, and, by long, patient, and unbroken watching,

their whole history was worked out. While reproduction by
fission seemed at first to the observers to be the usual method,
prolonged research made known that spores were produced.

These wcie so small that a ni ^i.ifying power of 5,000 diameters

was needed to see them as tney began to grow. The glairy

fluid from which they developed seemed at first homogeneous,
and it was only when growth set in that the spores became visible.

All that could be leanit about the origin of the glairy fluid was
that a monad, larger than usual, and with a granulated aspect

towards the flagellate end, would seize on one in the ordinary

condition. The two would swim about together till the larger

absorbed the smaller, and the two were fused together. A mo-
tionless spheroidal glossy speck was then all that could be seen.

This speck was found to be a sac, and after remaining still for

from ten to thirty-six hours it burst, and the glairy homogeneous
fluid (lowed out. The young spores that came into view in this

were watched through to the adult condition. Bearing on the sub-

ject of spontaneous generation, this fact was learnt, that while a

temperature of 140° F. was sufficient to cause the death of adults,

the spores were able to grow even after having been heated to

300' F. for ten minutes. Can it be philosophical, Mr. Dallinger

asked, with the life history of bacteria still unknown, to assume
it as a different method of propagation ? Some experiments
based on Prof. Tyndall's use of the electric beam to test optic-

ally pure air were made. The remains of infusions known to

contain certain spores were diffused through glass tubes, in which
were placed vessels with fluid. Monads always appeared in the

fluids, but when after the air in the tubes had been allowed

to purify itself by settlement, fresh fluids were introduced, no
monads appeared. That there is no such thing as spontaneous
generation of monads seems quite clear, and when bacteria are

in like manner studied, there can be hardly a doubt the same law
will be found to hold good with them.

GREA T GUNS
TT is natural that at the present time great interest
•• should be taken in all efforts to improve, that is, to

render more destructive, our implements of war. Even
since the last war on the European field great advances
have been made in this direction ; and, as our readers
know, one of the largest guns ever constructed is at pre-

sent on its trial in this country. Some months ago ex-

periments were made with what is known as the 81-ton
gun, the invention of Mr. Robert Fraser ; the gun was
sent back to Woolwich for some alterations to be made,
and on Friday the experiments were resumed at Shoe-
buryness on a larger scale. On the previous occasion the
gun was loaded with 370 lbs. of powder, and threw a blind
Palliscr shell against the target. This target is of enor-
mous strength, as strong and firmly founded as the in-

genuity of engineers can make it. It is formed
of four plates of the best rolled iron, each plate being
8 inches thick, and 5 inches of solid teak filled up
each of the three intervals between the four plates. The 32
inches of iron and 15 inches of teak thus placed are solidly

screwed together by bolts 3 inches in diameter, the whole

forming, as far as scientific engineers and artillerists could
construct it, an apparently impenetrable and immovable
mass. To secure the target still more, iron plates were
placed on the top and at the side, those at the side being
strutted against the target with heavy timbers ; and the
supports at the rear of the target, to hold it up, as it were,
against any blow, were of the like solid and substantial
character.

The target stood at 120 yards' distance from the gun.
On Friday the charge of powder was 425 lbs., and the
weight of the blind Palliser shell 1,700 lbs. At the base
of the latter was an expanding copper-ridge, known as
the " Lyon " gas-check, which in the explosion would ex-
pand and fill the rilling, thus enabling the full energy of
the exploded powder to be utilised.

After the gun was fired, by electricity, it was examined
and found to have worked admirably ; it had run back
55 feet on its tramway, which rises slightly, and had run
down again to the firing-point. The shot was found not
only to have penetrated three plates and the teak intervals
to all four, as on the previous occasion, but to have bulged
out the fourth plate some 15 inches from its normal posi-
tion. The last plate was, moreover, broken across, the
edges of the broken part gaping wide, and showing the
head of the shot, which had thus penetrated further in
distance than the 47 inches of iron and teak of the target.
The powerful framework behind the target was greatly
shaken. The shot itself had " set-up," /.,-., closed towards
the head with the enormous energy, the rear-part, the
gun-metal studs, and the copper gas-check, crumbling
into pieces. The initial velocity of the shot, as registered
by M. Le Boulenger's invention of wires with electric

communication was 1,600 feet a second, and the striking
velocity 1,585 feet. The mean pressure on the gun was
found to be 20 tons, the interior remaining quite unaltered.

Herr Krupp, the well-known Prussian artillerist, has
been devising a weapon even more formidable than that
whose power of destruction was shown on Friday to be
so immense. The Fraser gun is of wrought iron, but the
new Krupp gun is of cast-steel, both being very nearly ot

the same weight, though the latter has the great advantage
over the former of being a breech-loader. The length of
the gun, including the breech-picce, is 29 feet 6 inches,
the bieech-piece itself being 6 feet 4 inches in length.
The calibre of the gun is 15 j inches. The weight of the
projectile will be 750 kilogrammes, or 1,650 lbs., and the
powder charge will be 396 lbs. The external diameter of
the Krupp gun, independently of a narrow strengthening
ring at the extreme rear, is 5 feet 10 inches, that of the
Fraser gun being 6 feet. The core of the Krupp gun is

a steel tube in two lengths, upon which four steel rings
overlap, rising in steps from a point between the muzzle
and the trunnions, and accumulating in the thickness
towards its rear. These more massive rings are irre-

spective of the narrow strengthening ring over the powder
chamber. The external diameter of the gun at the muzzle
is 2 feet 3i inches.

In common with the other large Krupp guns, the rifling

of the new weapon is on the polygroove system, the elon-
gated projectile being rotated by means of the gas-check.
The velocity anticipated from the projectile fired from
the Krupp 80-ton gun is 473 metres per second at the
muzzle, or 1,552 feet, producing an energy of 27,543
foot tons, equal to 556 foot tons per inch of shot's circum-
ference.

But this is not all. Should the demand arise, the great
Prussian gun-maker has a design already prepared for a
gun of 124 tons, to be made on the same plan as the one
just described. The larger weapon would have a calibre
slightly exceeding 18 inches, and would throw a steel

shell weighing 1,000 kilogrammes, or a chilled iron shell

of 1,030 kilogrammes. The weight of the projectile would
therefore be practically a ton, and the charge of powder
will be probably about 500 pounds.
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SUSPECTED RELATIONS BETWEEN THE
SUN AND THE EARTH ^

II.

IN my last article I endeavoured to show that as a
matter of fact there is an intimate connection between

the physical state of the sun's surface and tlic diurnal

Planetary Influence on Si

rant^e of the magnet freely suspended at the Kew Ob-
servatory. It was suggested that this relation might

be that of cause and effect, inasmuch as the varia-

tions of spotted aica exhibited in ])iagram B invari-

ably precede the

range.

corresponding variations of magnetic
' Contimied from p. 11,

It cannot, however, with propriety be said that sun
spots are the cause of magnetic oscillations, for it has been
pointed out by Mr. J. A. Broun that even when there are no
spots on the solar surface the magnet hasyet a very consider-

able range in its daily oscillations. Then, on the other hand,
the spectroscopic rcsearchesof Mr. J.N. Lockyer and others

leave us little room for doubting
that there may Ije vast solar

activity without sun-spots, Avhile,

however, spots will probably

make their appearance when the

disturbance of the sun's surface

is very great.

In fine, sun-spots will probably
only aflbrd us a rough means
of estimating solar activity just

as rainfall might give us a rough
means of estimating the meteoro-
logical activity of a district of

the earth. Is it not possible

that sun-spots are in truth a
species of celestial rainfall?

Be this as it may, it is evident

that, inasmuch as sun-spots ex-

hibit a recurring period, wc are

entitled to say there is a period

of this kind in the meteorology
of the sun. The interesting ques-

tion then arises, What can be the

possible cause of such a period?

This question has been discussed by Mr. Warren De La
Rue and those associated with him in his solar researches.

The theory propounded by these

observers is that the planets are in

some unknown way concerned in the

production of spots. In their paper,

which will be found in the Proceedings

of the Royal Society for March, 1872,

they make the following remark :

—

"It might be said, 'How can a
comparatively small body like one of

the planets so far away from the sun
cause such enormous disturbances of

the sun's surface as we know sun-spots

to be ?' It ought, however, we think,

to be borne in mind that in sun-spots

we have, as a matter 0/ fact, a set of

phenomena curiously restricted to

certain solar latitudes, within which,

however, they vary according to some
complicated periodical law, and pre-

senting also periodical variations in

their frequency of a strangely complicated nature. Now
these phenomena must either be caused by something

within the sun's surface, or by some-
thing without it. But if we cannot
easily imagine bodies so distant as the

planets to produce such large effects,

we have equal difficulty in imagining
anything beneath the sun's surface

that could give rise to phenomena of

suchacomplicated periodicity. Never-
theless, as we have remarked, sun-

spots do exist, and obey complicated

laws, whether they be caused by
something within or something with-

out the sun. Under these circum-
cumstances, it does not appear to us
unphilosophical to see whether as a
matter of fact the behaviour of sun-

spots has any reference to planetary

positions. There likewise appears

to be this advantage in establishing a connection of

any kind i^between the behaviour of sun-spots and the
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positions of some one prominent
planet, that we at once expect a
similar result in the case of another

planet of nearly equal prominence,
and are thus led to use our idea as a

working hypothesis."

Proceeding upon this principle,

these observers measured every sun-

spot recorded by Mr. Carrington from

the beginning of 1854 to the end of

1S60, as well as every one photo-

graphed at the Kew Observatory

from the beginning of 1S62 to the

beginning of 1867, and the results of

all these measurements are recorded

in Diagram c.

In this diagram each curved line

is supposed to represent the be-

haviour, as regards size,of the various

groups of spots as they pass across

the disc of the sun by solar rotation

from left to right. If, for instance,

a spot were always to retain the same
magnitude, its path would be repre-

sented by a horizontalfline, but if it

were to become smaller at the middle
of its course than at either ex-

tremity, then we should have it re-

presented as in the first figure. Now,
from this diagram, we find that when-
ever either Venus or Mercury is be-

tween or nearly between our earth

and the centre of the sun, the sun-

spots behave as in the first figure
;

that is to say, as they are carried

round by rotation nearer to the

planet, they become less, and as they

are carried away from the planet they

become greater. Secondly, when
Venus or Mercury is at the extreme
right of the sun the spots diminish in

size all the way across. Thirdly,

when Venus or Mercuiy is on the

other side of the sun, exactly opposite

the earth, the spots have their maxi-

mum in the centre ; and, finally, if

Venus or Mercury be at the extreme
left, the spots augment in size all

the way across ; in fine, they are

always least in the immediate neigh-

bourhood of Venus or Mercury, and
greatest when that portion of the

sun to which they are attached

is carried by rotation to the posi-

tion farthest from the influential

planet.

If there be any truth in this evi-

dence it would seem to follow as a

corollary that when two influential

planets are together on one side of

the sun, their peculiar spot-producing

action should be conspicuously great,

and hence there should be a greater

than usual amount of spots when
such conjunctions take place.

On the other hand, when one in-

fluential planet is on one side of the

sun and another on the other side,

they might be supposed to counteract

each other, and hence the spotted

area would be conspicuously small.

In a memoir which will be found in

the Transactions of the Royal Society

for 1870 the Kew observers have

Diagram F.
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investigated this point also, and they appear to have found

sun-spot inequalities depending on the relative positions

of the various influential planets.

For instance, there is a greater than usual amount of

sun-spots when Venus and Jupiter are together ; there is

the same a little before the time when either Venus and

Mercury or Mercury and Jupiter are together, and finally,

there is the same a little before the time when Mercury

is nearest the sun.

These results of strictly solar observation are capable

of being verified in quite a different manner, if the

planets have an influence on the sun and if the state of

the sun's surface affects terrestrial magnetism, it might

be expected that we should have magnetic inequalities

depending upon the positions of the planets.

By this it is not meant that the planets influence the

magnetism of the earth directly, but rather through their

effect upon the solar surface.

Again, it was shown in the last article that terrestrial

magnetic effects at Kew lag behind corresponding states

of the solar surface. This lagging behind ought there-

fore to be exhibited in any comparison which we make
between sun-spot inequalities depending on the planets

and magnetic inequalities at Kew depending on the same

cause ifthe latter incqiinlitit's arc iciuscd indirectly throus;h

the medium of the sun.

A comparison of this kind has recently been made by

the writer, using for this purpose those inequalities of

short period that were most likely to be exhibited in the

limited series of magnetic observations at his disposal for

the purpose.

The results are embodied in the preceding diagrams.

Diagram D represents the sun-spot, and diagram e the

magnetic inequality due to the relative positions of

Mercury and Venus (o" denoting conjunction). Diagram
F represents the sun-spot, and diagram G the magnetic

inequality due to the varying distance of Mercury from

the sun (0° denoting perihelion). Diagram h represents

the sun-spot, and diagram I the magnetic inequality due

to the relative positions of Mercury and Jupiter (o" de-

noting conjunction). From all these it will be seen that

there is a striking likeness in character between the

planetary sun-spot inequalities, and the planetary mag-
netic inequalities derived from the records of the Kew
Observatory—the latter, however, lagging behind the

former in point of time, as might have been expected.

It is unquestionably a very strange and striking conclu-

sion that the daily range of the magnet freely suspended
in a vault of the Kew Observatory, should be sensibly

greater about the times when Venus and Mercury,

or Venus and Jupiter come together in position, and
also about the times when Mercury is nearest the

sun.

Perhaps it is not too much to say that the facts de-

scribed in the last article go to show that the sun influ-

ences the earth, and possibly also the other planets in some
unaccountable manner, while the facts of this article go
to show that (shall we say in return) the most conspicuous

planets of the system, and possibly also the earth, are not

without an influence upon the state of the solar surface.

I may be permitted, in conclusion, to transcribe a para-

graph from a former essay on this subject (Owens College

essays). " At first sight we are startled by the supposi-

tion that a planet like Venus, which comes nearer to the

earth than it ever does to the sun, should in any way be
accountable for such enormous manifestations of energy

as those which occur over the sun's surface. But the

wonder will disappear if wc bear in mind that there may
be two kinds of causes or antecedents. Thus we may
say that the blacksmith is the cause of the blow with

which his hammer strikes the anvil, and here the strength

of the blow depends upon the strength of the smith, liut

we may likewise say that the man who pulls the trigger of

a gun or cannon is the cause of the motion of the ball.

and here there is no relation between the strength of the
effect and that of its cause.

" Now, in whatever mysterious way Venus and Mercury
affect the sun, we may be sure it is not after the fashion

of the blacksmith—they do not deal him a violent blow
producing all this enormous effect, but they rather pull

the trigger, and immediately a very great change takes

place." Balfoi'r Stewart
{To be continued.)

THE NEW ZOOLOGICAL GARDENS AT
CALCUTTA

'T^HE propriety of establishing Zoological Gardens at
'- Calcutta, has, as those who are acquainted with the

proceedings of the Asiatic Society of Bengal are well
aware, been before the public and the Indian Government
for these last fifty years. It is, however, only within a
very recent period that anything has been practically

effected, and the first report on the progress made in the
development of the new institution during the first year
of its existence has only just reached us. Before alluding

to its contents, a few words on the origin of the present
scheme may be acceptable to those who take an interest

in the subject.

Many previous plans for the institution of Zoological
Gardens in Calcutta, including that proposed by Sir

Joseph Fayrer in 1867, having come to nothing, Mr. L.

Schwendler, of the Indian Telegraph Department, brought
the subject again to the notice of the Council of the
Asiatic Society in March, 1873. Mr. Schwendler pro-
posed that the necessary capital should be raised by sub-
scription, but that the Government of Bengal should
grant the site and give a contribution towards the annual
expenditure. This scheme, although taken up with in-

terest by the Asiatic and Agricultural Societies and sup-
ported by the press, would have ended, like its prede-
cessors, in failure, had not the energy of Mr. Schwendler
led him to adopt a different course of action. Having a
fine private collection of living animals of his own, Mr.
Schwendler was able to prove to the Viceroy of India
(then Lord Northbrook), who honoured him with a visit,

how easy it was to maintain such an establishment in

a climate so well adapted to animal and vegetable life as
that of Calcutta. Instead of the large and expensive
houses necessary in these inclement climes simple sheds
suffice as a protection for the animals against the weather,
and the luxuriant vegetation is ever springing up to con-
tribute to their shelter and retirement. In fact, if only
space is provided, and sufficient fencing is put up, ani-

mals can be kept almost in the same state as in their

native wilds, and buildings may be dispensed with. So
practical was Mr. Schwendler's illustration of how easily

zoological gardens might be established in Calcutta by
showing his own grounds fitted up for the purpose, that

the Viceroy was convinced at once, and quickly brought the
excellent Lieutenant-Governor of Bengal to a similar state

of mind. Having taken up the matter. Sir Richard Temple
set to work at it with his usual energy, and by a minute
of September 24, 1875, granted a large site for the pur-
pose on the road leading from Sural Bridge to the
Governor's official residence at Belvedere. Shortly after-

wards an honorary managing committee was appointed,
with Lord LHHck Browne as president ; Mr. Schwendler
and Dr. King and Mr. Watson as members, and Mr. C.
Buckland, private secretary to the Lieutenant-Governor,
as honorary secretary. The objects of the new institu-

tion, besides the general instruction and recreation of the
community, were specified to be to facilitate scientific ob-
servations on tlie habits of animals, to encourage their

acclimatisation, and generally to promote the science of
zoology. Upon the starting of the new institution, Mr.
Schwendler iminediately hastened to present to it his whole
collection of living animals, and the Governor-General



May lo, 1877] NA TURE 29

promised to remove the Barrackpore menagerie to the

new site as soon as the necessary preparations were made.
All the native princes, nobility, and gentry subscribed
liberally towards the proposed gardens—for instance, the

Maharajah of Burdwan gave 3,000/. : others followed this

liberal e.xample, and the greater part of the required

capital of 30,000/. was quickly raised. Such rapid pro-

gress was made that occasion was taken of the Prince of

Wales's presence in Calcutta on December 27, 1875, to

inaugurate the new institution. His Royal Highness ex-

pressed his gratification at the results already achieved,

praised Mr. Schwendler for the public spirit he had dis-

played, and accepted the patronship of the gardens.

The Royal Zoological Gardens of Calcutta thus inaugu-

rated were opened to the public for the first time on I\lay

6 of last year. From that date up to the close of the

year more than 50,000 persons had visited them, without

including members and donors, and soldiers with their

wives and children who have a free entrance. The build-

ings are, of course, yet far from complete, but amongst
those finished are, as we are informed, many deer-pad-

docks, which are already well tenanted ; a large and
several smaller aviaries, also well filled ; a large bear-

house in three compartments, and furnished with a large

bath ; two monkey-houses, and a very large pit fitted up
for the residence of rhinoceroses. Within the gardens is

also a large tank or lake, with two islands used for water-

fowl, and a restaurant and keepers' dwellings have like-

wise been erected.

At the present time Mr. C. T. Buckland, C.S., is the

president of the Association for the maintenance of the

gardens, and Dr. J. Anderson and Mr. H. M. Tobin have
the general superintendence and honorary care of them,
the paid officials consisting of natives only. A European
director was appointed in January, 1876, but the Govern-
ment of Bengal were shortly afterwards stopped by the

Supreme Government from contributing to the expenses
of the gardens, and his services had consequently to be
dispensed with.

This change of front in the Supreme Government, who
had virtually pledged themselves to assist in the scheme,

and who have not yet redeemed their promise to transfer

the Barrackpore menagerie to the new gardens, is a sub-

ject of not unnatural complaint on the part of the com-
mittee, who are now striving hard to have matters

replaced upon their former footing. As the Indian

Government keep up botanical gardens in Calcutta, and
pay a scientific officer a liberal salary to superintend

them, they would surely be fully justified in treating the

Zoological Gardens in the same way, especially untd the

new institution is fairly set a-going. Living animals, as

we all know, are far more attractive to the general public

than living plants, and there can be no question, we
believe, that in Calcutta, as in London, zoological gar-

dens are more popular than botanical. The public of Cal-

cutta have come br.avely down with a sum of 30,000/. to

set the institution going, and will be greatly disappointed

if the Government do not support them. A scientific direc-

tor for the establishment is an absolute necessity, as it

cannot be expected that Dr. Anderson and others who now
manage it can continue their gratuitous services. Lord
Northbrook is now earning his well-merited repose in this

country, but looking to the countenance and favour that

he has already shown to the Zoological Gardens at

Calcutta, we cannot doubt that he will assist in the appeal

that is, we understand, now being made to the authorities

at homo, to obtain permission from the Government of

Bengal to continue the support which it gave at first.

We may also fairly call upon Lord Salisbury, who has

on many occasions shown his appreciation of scientific

work, to devote a few minutes' attention to this subject.

It is certain that no better step could be taken for the

advancement of Zoological Science in India than the

establishment of the Zoological Gardens of Calcutta on a
firm footing. Like our Gardens in London they might

easily be made a centre whence encouragement is diffused

to zoological investigations of every kind. A well-selected

director, appointed and paid by the Government, would
at once place matters on a satisfactory foundation, and
tend to bring together support to the Institution from every
quarter, and we cannot doubt that the present obstruc-
tion will be removed by the Central Authority as soon as
the real facts of the case are brough before them.

OUR ASTRONOMICAL COLUMN
Douele-St.\r Measures at Cincinnati.— In Nos. 2

and 3 of the publications of the Cincinnati Observatory are two

series of micrometrical measures of double-stars made with the

1 1 -inch Merz refractor. The first series includes measures by

Prof. O. M. Mitchell at the old Observatory, confined, with

few exceptions, to the stars of the great Dorpat Catalogue, and

male in the years 1846-48, a small number of which only had

appeared in the Sidereal Messenger.—The second series com-

prises measures of objects situated for the most part beyond

Struve's limit of south declination made in the years 1S75-76,

and will probably be found the most useful of the two, obser-

vations of these southern stars being as yet in small number.

Mr. Ormond Stone, the present director at Cincinnati, remarks

that "no systematic survey of the southern heavens similar to

that made by Struve of the northern heavens has ever been under-

taken," and a large proportion of Sir John Herschel's doubles

have never been properly measured raicrometrically. The Cin-

cinnati object-glas; having been refiguredby .-Vlvan Clark during

tlie last winter, the director purposes devoting the instrument to

supplementing the labours of other astronomers by measuring

doable-stars between 15" and 35° of south declination ; no doubt

in the course of this work new binary systems will be detected.

Amongst the stars in the second of the above series, is /(

2036, the duplicity of which wa> first remarked by -Sir John

Herschel with the 20-feet reflector in sweep 307 (1830, Oct. 15),

when the position was registered 53" 'O, and the estimated

distance was 2". The last Cincinnati measures give for 187678,

position 26°'4, distance I "64, and Capt. Jacob's intervening

measures at Toona and Madras, confirm the retrograde motion

in the angle ; indeed, he first pointed out the probable binary

character of the star, and also suggested another noticeable

feature, viz., the apparent variability of both components

(Mem. R. A.S., vol. xxviii. p. 41). A comparison of the whole

of the estimates of magnitude to 1876, is certainly confirmatory

of Capt. Jacob's suspicion. The stars have not been noted as

differing more than half a magnitude, and generally have been

considered of equal brightness, yet the estimations vary from 67
(Jacob 1857) to 90 (Ormond Stone, 1S75). The object is well

within reach in this country, and deserves watching. It may be

remarked that the N.P.D. given in Sir John Herschel's fifth

series of measures with ihe 20-feet reflector, is 1° too small. By

an observation in the Washington zones, the position for the

beginning of the present year is in K.A. ih. 13m. 547s.,

N.P.D. 106° 26' 15".

Change of Colour in a Urs.e Majoris.—Herr Weber

continues his observations upon the colour of this star, a periodi-

cal change in which from intense fiery-red to yellow was first

suspected by Dr. Klein of Cologne about fifteen years since.

According to Herr Weber tlie change is from fiery-red to white

or slightly yellowish white. The following are recent observed

epochs of red light :—1S76 : September 5, October 10, No-

vember 14, December 21. 1877 : January 16, March 23, whence

an average period of thirty-three days is indicated. The star

was white or nearly white, 1876: October 28, December 30.

1877 : February 8 and March 13. The star is said to remain

rel or .-eddish for a shorter time than it is seen white or yellowish

white. See Astron. Nach., Nos. 2,111 and 2,127.
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a Centauri.—The measures of this star which have lately

appeared in Nature show that we are yet without any satis-

factory orbit, and it is much to be desired that it may be closely

watched during the next few years. Mr. Gill it is understood

intends to establish a good epoch in the autumn with Lord

Lindsay's heliometer at Ascension. It does not appear to be

too late to secure measures which will possess the greatest in-

terest in the actual near approach of the two fine stais forming

this splendid binary.

The Present Comets.—Elements of Winnecke's comet of

April 5 calculated by Dr. Plath of Hamburg, upon the same

extent of observation as those of Mr. Hind, published in this

column last week, are almost identical theiewitb, and conse-

([uently negative the idea of ellipticity of orbit, notwithstanding

the certain degree of resemblance with the comets 1827 IL and

1S52 II., and near equality of intervals. On May 14 the comet

approaches within 10° of the pole of the equator, near the 55 m.

star, B.A.C. 1211. It will be visible with telescopic aid some

weeks longer.

We subjoin positions of the comet discovered in America by

Mr. Lewis Swift on April II, and by M. Borrelly at Marseilles

three nights subsequently, also calculated by Dr. Plath.

For I2h. Berhn M.T.
R.A. Decl. Log. dibtaiice.

May 10 ... 6 8 iS

,, 12 ... 6 27 I

„ 14 ... 6 43 53

„ 16 ... 6 59 5

,, 18 ... 7 12 46

,, 20 ... 7 25 2

,, 22 ... 7 36 II

„ 24 ... 7 46 15

+ S6 7-0 ... 0-I243

54 22-5 ... 0-1275

52 30-2 ... 0-1315

50 32-1 ... 0-1362

48 30-3 ... 0-1417

46 25-9 ... 0-1479

44 21-8 ... 0-1545

+ 42 17-7 ... 0-1617

M. Wolff, of the Observatory at Paris, observed the spectrum

of Winnecke's comet on the morning of April 11, which he

found analogous to the spectra of various comets he had observed

since the year 186S, from the faintest to the brilliant comet of

Coggia in the summer of 1S74. All have exhibited the three

bands, yellow, green, and blue, but M. Wolff remarks that the

nature of this cometary matter is completely unknown. He did

not succeed in obtaining the spectrum of the third comet of the

present year, in which, like several other observers, he noticed a

resolvable appearance.

BIOLOGICAL NOTES
Zoological Classification.—In a recent paper in Pfliiger's

Archiv, M. Hoppe-Seyler wonders at the readiness with which

systematic zoology has ranked amphioxus with the vertebrates,

from mere one-sided consideration of the presence of a chorda

dorsalis , and the position of the nerve-cord above, and the ali-

mentary canal below. A sound system groups species which are

similar not merely in morphological respects, but in their whole

organisation. Amphioxus has, beyond the chorda, nothing in

common with vertebrates ; it has no closed vascular system with

red blood corpuscles, no liver which forms a gall, no proper

brain, and it contains no gelatine-yielding tissue, which occurs in

all vertebrates and also in the cephalopoda, but in no other

inveitebrata. In their entire highly-developed oiginiim, the

cephalopoda, stand nearest to the vertebrata ; the amphioxus

should have a place further down. M. Iloppc-Seyler further

points out that comparing the composition of tissues from the

lower organised animals upwards, we meet first with mucin

yielding tissues, then with those yielding chondrin, then, in the

cephalopoda tissues yielding glutin ; the formation of actual

bones does not occur in all vertebrata, and is likewise wanting

in cephalopoda. Exactly the same order is seen in the stages of

development of an embryo, e.g. of the hen in the egg, and it is

difiicult to think that the agreement is accidental.

Luminous Campanulari/E.—The late Prof. Paolo Panceri

recently made minute researches at Amalfi, near Naples, with

a view to determine the exact .seat of the light-giving organs in

Campanulariadx. The Gulf of Amalfi seems to be a favourite

haunt of these minute animals, and Prof. Panceri found them

abundantly on the alga; covering the rocks near the shore, parti-

cularly upon Fiicus cricoidcs. The light of these polyps is inter-

mittent, and only appears when the animals are touched or

moved ; fresh water, however, has the property of fixing it for a

little time. It was principally with species of Campanula) ici

Jlcxiiosa that Prof Panceri made his interesting investigations,

and the special question he wished to decide was whether it is the

external cellular .stratum {or ectoderm), or the internal one (endo-

derm) of which these anim.-ils'are composed, which is the actual

seat of the light. He found, by means of ingenious microscopical

contrivances that the luminous movements of these polyps have

their seat in the cells of the ectoderm, and not elsewhere, and

that these cells alternately and successively show the light and

again become dark, after being touched or placed into fresh

water. Not only the bodies of the polyps, but also their slender

stems and even the feet with which they adhere to the plants br

rocks, contain these luminous cells. Prof Panceri has published

an account of his researches in the January part of the Rivista

Scientifico-indiistriale.

Respiration in Frogs.—Mr. A. C. Homer has sent us an

account of some interesting observations he has made on the

spawning or deposition of ova in the frog (Nana temporarid).

We are only able to give the conclusion of his paper :— I will

now give a few facts connected with respiration which I have

observed in these frogs. They can croak when they are immersed

under water, but, as no air-bubbles escape, I was at first puzzled. I

find, however, by holding my nose and shutting my mouth, that

I can make a somewhat similar sound ; but they seemed to

croak louder when only the head and upper part of the body

were under water than when their whole body was immersed,

and as they distend their sides in the act of croaking, I thought

it possible they might be able to draw in air by the rectum or

the pores of their skin. When a frog out of water is touched

suddenly, he sliuts his eyes and distends his abdomen, and the

same thing occurs when under water. Yet how is it that they

can distend their abdomen without admitting more air ? for they

can distend it very fully, and I should think must require to

expel all the air from the thoracic into the abdominal cavity.

When a frog is under water, his sides sometimes pulsate rhyth-

mically, just as when he is out of water, and about every ten

seconds. Perhaps it is connected with the circulation of blood.

The Woodpecker.—In the April session of the German

Orriiihological Society Prof Alton concluded the recital of his

investigations on the habits of the woodpecker. The peculiai

drumming sound often caused by it was shown on various

grounds to be entirely disconnected with the search for insects

as hitherto supposed, and was regarded as a call to the opposite

sex. Dr. Brehm defended the woodpeckers against the charge

of seriously injuring the trees, and considered the slight damages

resulting from them as more than compensated by the colour

and animation which they gave to the otherwise sober and quiet

forests.

The Flaminoo.—At the same session Herr Gadow stated

that by a study of the digestive organs of the flamingo he had

found that it did not belong to the duck family as hitherto classi

fied, but was to be placed among the storks, being very closely

allied to the latter, although properly an intermediate link be-

tween the two families.

Copper in the Blood.—The presence of copper in the blood

of human beings and domestic animals has been placed beyond

doubt by the investigations of various chemist.s, but has gene-
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rally been regarded as an accidental circumstance due to the use

of copper utensils in the preparation of food. M. S. Cloez, of

Paris, recently examined the blood of aroebucli shot in the forest

of Essarts, and found copper oxide present to the extent of 5^
milligrammes per kilogramme of blood. As this result would
tend to show that copper is a normal constituent of the blood,

the question wliich next awaits solution is that of the method of

its entrance into the animal system.

The Respiration of Plants.—We have already noticed

the investigations undertaken by Prof. Ikrodin on the pro-

cesses of respiration in plants. We find in the seventli

volume of the Memoirs of the St. Petersburg Society of

Naturalists the paper of Prof. Borodin in full, accompanied

by a series of graphic representations, by means of curves, of his

important measurements. We cannot attempt here to give a

tcsumc either of the varied experiments made by the author or of

the impoitant questions arising from Prof. Borodin's inquiry,

and discussed by him. As to the experiments themselves, we

can only state that the reader will fiud in the paper a thorough

discussion of their value and of the value of various methods

used for the study ot the subject. The main result is that in

darkness the energ of respiration of a branch gradually de-

creases ; a temporary action of light, however, increases it, this

increase being mostly the result of the influence of the less re-

frangible rays (red, &c.), and it takes place only when the sur-

rounding air can supply the plant with a sufficient amount of

carbonic acid. The decrease of tnergy of respiration is caused

by the decrease of the stock of starch in the plant, and the in-

crease under the influence of light takes ])lace because of the

formation, under this influence, of a new stock of starch. Thus,

other conditions remaining the same, the energy of respiration

depends upon the existence in the branch of non-nitrogenous

plastic substance ; this is the material for respiration, the exhaled

carbonic acid being the result of oxidation of a certain part of non-

nitrogenous org.anic matter. While following the author in his

discussion of this subject and of the opinions of Garreau, Pfliiger,

and Sachs, we further notice the importance of a fresh supply of

oxygen in the atmosphere surrounding the plant as resulting from

M. Borodin's experiments and the contributions they make to

the most important and yet very obscure question as to the influ-

ence of temperature upon respiration. These important ques-

tions will be the subject of further studies, which the author

proposes to continue for many years.

A Tasmanian Carnivorous Plant.—Dr. B. Crowther, of

Campbell Town, Tasmania, writing to The Mercury (Hobart

Town), November 26, 1876, states that he was furnished with a

plant which grows on rocky ground, whose crevices contain rich

organic soil, different from the peaty soil Darwin's grew in. It

is quite obvious, he states, on careful examination, that the plant

lives to a great extent off the small flies and gnats it obtains.

It is about six inches in height, and from its single vertical stem

project from one to two dozen small foot-stalks, at irregular and

variable distances. On the summit of each foot-stalk is a

rounded disc, placed horizontally, about half an inch in circum-

ference, fringed with tentacles of different sizes. In the centre

is a hollow, with small fine filaments projecting vertically ; on

the ends of both the filaments and also tentacles are little reddish

glands which secrete a sticky substance. The fly rests on the

outer zone, is conveyed by the sticky tentacles to the centre,

which at once closes upon the victim so tightly that a bjlgingmay

be seen corresponding to the fly inside. After it has been con-

sumed, the trap again opens, showing the debris of the fly,

which are doubtless washed away by the rain, so as to allow the

trap to again set for another victim. The plant described by

Dr. Crowther is evidently Drosera peltata, Smith, a well-known

Australian species (in herbaria). It is not referred tu liy Mr.

Darwin in his work on "Insectivorous Plants;" and any more
exact information respecting its habits of life, and the mode in

which it captures insects would be a very useful addition to

our knowledge of these plants/ especially if accompanied by
drawings.

Botany of New Guinea.—The distinguished Italian natu-

ralist and traveller. Dr. Beccari, has commenced the publication

of a rew illustrated work called "Malesia," for the purpose of
bringing before the scientific world his numerous botanical

discoveries in New Guinea and the Eastern Archipel.ago. The
first number of " Malesia " has just been isjsued at Genoa, and is

occupied with an article upon the palms of New Guinea and the

adjacent islands. Fifty species of palms were collected by Dr.

Beccari in these countries, many of which were previously

unknown.

NOTES
Mr. C. J. Lambert has presented to the Chemical Society

1,000?. and to the Royal Microscopical Society, 500/., from a
bequest of 25,000/. left by his late father, to be appropriated to

benevolent and scientific purposes.

We regret to learn that Prof. M'Crady who, on the death of

Prof. Agassiz, succeeded to the Chair of Zoology in Harvard
College, has found it necessary to tender his resignation to the

authorities of the University. This step is all the more to be
lamented as judging from the terms of the resignation, which we
have re.ad, it has been caused by a desire on the part of Prof.

M'Crady to raise the standard of zoological education in the

college to a higher level than was deemed advisable by the

authorities. We hope that some means may be found of retain-

ing Prof. M'Crady's services to the University. lie is well

known as an eminent original worker in an important depart-

ment of zoological research.

We regret to announce the death of a Russian geologist. Prof.

N. P. Barbot-de-Marny. Having begun his scientific work in

1852, taking part in Hoffmann's exploration of the Ural, M. de
Marny continued until 1S76 his valuable work of the geological

exploration of Russia. He explored the Kuma-Manych de-

pression, the provinces of Archangel, Vologda, Volhynia,

Podolia, and Kherson, and all the lines of railway radiating from
Moscow, as well as those of Kief, Azov, Tsaritsin, Orenburg,

and Caucasus. In 1874 he took an active part in the diftrcult

exploration of the Aral-Caspian expedition and explored the

Amu-Darya. The Mines Journal and the Memoirs of the

Mineralogical and Geographical Societies, as well as those of the

St. Petersburg Society of Naturalists, one of the presidents of

of which he was for a long time, contain about no of his valu-

able papers, besides which he was the author of some important

volumes. His "Formation Stage" was an important addition

to our knowledge of the Tertiary of South-eastern Europe. He
died at the age of forty-five, leaving a family, a library of books,

many MSS., and—no money.

The President of the Royal Academy is always very catholic

in his invitations to the annual dinner, certainly one of the chief

events of the London year. On Saturday last science was largely

and well represented, and Dr. Hooker, in his reply to the toast

of Science, happily performed what at first sight would seenr a

hard task under the circumstances. Dr. Hooker showed that

the incongruity between art and science was only apparent ; that

art lends valuable aid to science, and that all tnie art must really

be based on scientific principles ; and that moreover the two have

this in common, that success is unattainable in neither imless by

close observation, enthusiasm, and the skilful exercise of the

imagination. Some may be inclined to think that the new
Grosvenor Gallery is more scietrtific iir its method of selection
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than the much maligned Academy, but then the objects of the

two are very di6ferenl. At all events the man of science will be

furnished with much food for thought and wonder in both.

What seems to be generally regarded as the masterpiece in the

Grosvenor, Mr. Bunie Jones's "Six Days of Creation," may

remind geologists of Hugh Miller's famous phantasy, written in

the old " reconciliation " days. However this may be, its con-

ception and execution are deserving of study from many points

of view, including even the scientific.

The great Museum of Applied Sciences in Moscow will be

opened on June 1 1, the birthday of Peter the Great. The build-

ing is ready and the collections have been brought in. It has

cost up to the present time half a million of roubles, occu-

pies a space of 13,633 square yards, and is divided into three

blocks. Besides spacious rooms for collections in applied

science, it contains a large and well-ventilated auditory. Eleven

scientific societies will hold their sittings in the Museum.

The foundation of a permanent station for help to wrecked

vessels on Novaya Zemlya is now in way of execution. We hope

that the station will also be used for taking regular meteoro-

logical observations. An Eskimo family, which has already

M intered for two years on the island, will remain there perma-

nently, and be su])plied by the Russian Government witli all

necessaries.

Prof. Leith Adams has commenced a course of six lectures

on the " Distribution of Animals as elucidating Past Changes of

the Earth's Surface," in the Royal College of Science, Dublin.

A PRIZE of 10/., which has been placed at the disposition of

the Council by Col. A. A. Croll, is offered by the Society ot

Arts, with the Society's Silver Medal, for the best set of Blow-

pipe apparatus which shall be sold retail for one guinea. All

apparatus for competition must be sent to the Society's house

on or before August i, 1877. Details will be found in the

yourna/ of May 4.

The Prince of Wales, in company with Mr. Cunliffe Owen,

Col. Ellis, Lord Sulfield, and M. Blowitz, visited the works of

the Paris International Exhibition at the Champ de Mars and

Trocadero, last Saturday. He was received by M. Krantz,

Director of the Exhibition, the Minister of Trade, and some

officials. The Prince of Wales was much pleased with the state

of the works, which are progressing so rapidly that it is now
possible to have a view of the buildings covering so large a

space. He selected a space for the special exhibition of

objects which he brought back with him from his tour in India.

In the current number of Mind, Mr. G. H. I.ewes gives

briefly what seems to be one of the chief positions taken by him

in his new volume "The Physical Basis of Mind." He finds

that according to usage the word " consciousness " is equivalent

to sentience or feehng ; that it is also used in a special sense as

signifying that we not only feel, but feel or are conscious that

we feel. Now Mr. Lewes holds that every neural process im-

plies sensibility, indeed is feeling or consciousness in the general

sense of that term ; accordingly consciousness, sentience—these

neural processes may be said to have "various modes and

degrees—such as perception, ideation, emotion, volition, which

may be conscious, sub-conscious, or unconscious." In the last

sentence the word " unconscious" describes a mode or degree of

sentience which has not given rise to consciousness in the special

sense, and Mr. Lewes contends that the word "unconscious"

ought to be confined to this usage, that in strictness we should

not speak of unconsciousness outside the sphere of sentience.

He then proceeds to argue that to describe a neural process as a

mere series of physical changes is to say that " organic pro-

cesses suddenly cease to be organic and become purely physical

by a slight change in their relative position in the consensus."

The matter of fact of which Mr. Lewes has to persuade his

readers is, that " the reflex mechanism necessarily involves sen-

sibility," that a neural process is a feeling.

Six years ago Dr. Maudsley contended against the popular

opinion that insanity was on the increase in this country, the

rapid increase of the registered insane being open to a less

gloomy explanation. It is gratifymg to find that Dr. Maudsley
can in the current number of the Journal of Mental Scienec

still maintain with every appearance of truth, that there is no
evidence of an increased production of insanity in this country.

At a recent meeting of the Chemical Section of the Society

of Arts, Dr. B. H. Paul read a paper on "The Cinchona Alka-

loids, their Sources, Production, and Use," in which he traced

the history of the cinchonas from the early part of the seven-

teenth century to their successful cultivation in India and other

countries. The chemistry of the cinchona barks is a point about

which but little is popularly known. It would seem that a

considerable amount of cinchonidine, one of the several alka-

loids found in cinchona barks, is often mixed wiih the sulphate

of quinine of commerce, sometimes, indeed, exceeding ten per

cent., and though the medicinal efficacy of the quinine is not

materially impaired by this mixing, a great difference is made in

the intrinsic value, cinchonidine being worth not more than one-

eighth as much as quinine. Considering the present high price

of quinine, it is pleasant to be told by Dr. Paul that "the sul-

phate of cinchonidine has been proved to be very little inferior

in efficacy— for certain kinds of maladies—-to quinine," the price

of this alkaloid being two or three shillings an ounce against

sixteen shillings for quinine.

M. Jabloskow, a Russian electrician, has exhibited before the

Physical Society of Paris a new process for producing electric

light. The voltaic arc is quite suppressed and a current is sent

merely through a plate of caolin, which ignites and fuses gra-

dually, giving out a magnificent steady light. The transverse

dimension which the current is able to warm and ignite varies

according to the force of the battery. M. Jabloskow made a

most interesting experiment. Cutting in two parts a plate of

caolin which had been used for giving a light, he raised two separate

lights with the same current. The light given by these two plates

was found equal to the light which had been given a few minutes

previously. The experiment was considered by all present to be

a great success. Experiments on a large scale will be shortly

tried at the large hall of the Magazin du Louvre. The generator

of electricity was an induction machine of the Alliance type

worked by two men.

At the last meeting of the Russian Geographical Society M.
Wojeikof reported upon his last journey in Japan. He started

from Hakodadi and visited the Ainos of Jesso Island ; he

then went to Aomori, in the northern part of Nipon, and tra-

velled to Jeddo, crossing Nipon Island three times from west

to east. The northern part of the island is not populous, only

the high valleys being settled. The climate of the western

shores of Japan is far milder than is generally supposed, the tea-

tree reaching here as far as 40° north latitude. The most im-

portant result of the journey is the measurement by barometer of

the heights of about 600 places.

Russian newspapers announce 'that our countryman, Mr.

Harvey, after having stayed for three days in St. Petersburg,

continued his journey for the zoological exploration of the

Pechora region. He is accompanied by a painter and a zoolo-

gical collector.

The last number of the Ir^estia of the Russian Geographical

Society announces that the south-western branch of the Society,
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established at Kief, is closed by Imperial Order for political

reasons.

The same periodical gives some ia''ormation as to the journey

made last summer by Capt Pevtsov with a Cossack detachment

which protected the caravin with com, sent by Russian trades-

men from the Lake Zaisan, -".d Bulun-Tokhoi, to the Cliinesc

town Gu-chen (Dzungaria, N. lat 43° 50', E. long. 90° 14).

The results of this journey are,—a survey of the route, 560 miles

lonij, with maps of the towns, astronomical determinations of

the positions of seven po'nt=, magnelical observations, barometri-

cal measurements of heights, a complete geological exploration

along the route, a collection of about 1,000 species of plant>,

and a zoological collection numbering 34 mammalia and 123

birds.

The Geological Survey of Finland, which was undertaken on

the scheme of that of Sweden, but was interrupted in 1868, will

be continued this year.

A TELEGRAM received by the St. Petersburg Academy of

Sciences, announces that the mammoth found in the neighbour-

hood of Tomsk is very well preserved. A piece of its flesh with

fat his been forwarded to the Academy, which, as we learn from a

private source, proposes to send M.Poliakof for the exploration

of the remains.

The Russian Geographical Society has undertaken the publi-

cation of an historical sketch of geographical explorations in

Northern Asia, with accounts of all expeditions, an index of

works on Northern Asia, and a map showing the routes followed

by all important exploring parties. The work will appear in

1879, that year being the tercentenary of the crossing of the

Ural Mountains by Vermak, the conqueror of Siberia.

In a recent communication to the Belgian Academy, M. van

Monckhoven describes some improvements in the photographic

reproduction of ultraviolet spectra of gases. lie employs two

large Geissler tubes placed parallel and communicating together

by a capillary tube at right angles to them. The spectroscope

consists of three 60^ prisms of Iceland spar, cut so that the

bisector plane of each of their dihedral angles is parallel to the

optic axis of the crystal. With such prisms the ordinary and

extraordinary spectra do not encroach on one another. The
axis of the capillary tube is then made to coincide exactly with

that of the collimator of the spectroscope, and the intensity of

the light, which can be utiliied during passage of the current

from a Ruhmkorff coil, is found to be very much greater than if

the tube were placed, as usual, perpendicularly to the axis of

the apparatus. The author recommends using a plate of quartz

in place of one of the large tubes of glass, so as to prevent too

great absorption of rays of high refrangibility. To give an idea

of the exactness with which even the most refrangible bright

lines are reproduced, M. van Monckhoven presented three plates

representing the solar spectrum, the bright lines of hydrogen

combined with those of aluminium (of which the electrodes

were formed), and the bright lines of a solar protuberance.

We have received from Prof. E. S. Holden, of the United

States Naval Observatory, a list compiled by him of the prin-

cipal telescopes in the possession of public institutions and pri-

vate individuals. The list, though imperfect, is a long one, and

we regret that the pressure on our space prevents us from prim-

ing it. Those who would like to possess it will find it in the

Popular Sdc-nce Mottlhly for March. Among rellectors we notice

that Lord Rosse's is still unsurpassed ; it has an aperture of 6 ft.

and a focal length of 55 ft. Mr. Ellery's, of Melbourne, has a

4 ft. .npcrture and a focal length of 32 ft. ; that of the Paris

Observatory an aperture of l'20 metre and a focal length o( 7

metres. ()f_ refractors the two largest are now constructing ;

that for Yale College Observatory (by Clark and Sons) will have

an aperture of 28 in., and the one for Vienna, constructed by

Grubb, an aperture of 27 in. The refractor belonging to Mr.

Newall, of Gateshead, has an aperture of 25 in. and a focal

length of 29 ft. ; the corresponding dimensions of the Pulkowa

refractor are I4'93 in. and 270^6 in. ; Lo'd Lindsay's, 15 in.

and 15 ft. ; that of Greenwich, I2'5 in. and i56 ft. ; the largest

in the Paris Observatory, 12 Frenth in. and 5 metres ; Ruther-

furd's, of New York (a photographic refractor), an aperture of

I0'5 French in. ; Secchi, of Rome, 7'5 French in., and 14

French ft. Altogether Prof. IlulJen enumerates upwards of 140

telescopes that are at work on the heavens, and remarks, with

some justice, that "it is a melancholy fact that the return from

so many instruments is not so great as it should be, and it

suggests the question as to whether future benefactors will not

do better to provide astronomers to use the telescopes already

constructed than observatories in which to put new ones."

To those who take a practical interest in the ventilation of

houses we would recommend a pamphlet by Mr. James Curtis,

C.E., entitled " B'resh Air in the House, ai;d How to Secure

It " (Ward, Lock, and Tyler). Mr. Curtis has evidently studied

the important subject of ventilation carefully, and his practical

suggestions will be found useful to those anxious to secure a

regular supply of fresh air in their houses.

In the note on Mr. Shrubsole's discovery (vol. xv. p. 561), the

word dialk should be chcrl.

Thb addi'ions to the Zoological Society's Gardens during the

past week include two Green-winged Doves {Chalcophaps indica),

a Hamilton's Terrapin {CU'/iinvs hamillom) from India, presented

by Mrs. M. A. Moore ; three Water Ouzels (Ciiiclus aquaticiis),

European, presented by Mr. G. B. Davies Cooke ; an Indian

Python {Pyth'm molurui) from India, presented by Mr. C. A.

F. Bowell ; six River Lampreys (Pclromjzon Jliiviaiilis) from

British River.-!, presented by iMr. A. II. Cocks, F.Z.S. ; a Vir-

ginian Deer (drviis virgininmts) from North America, a Rock
C3.vy (Ceredon rupestrit) from South America, deposited; two

Raccoon-like Djjs {iS^ycUrciiles prolyoniJcs), four Common
Foxes (Canis vulpes] born in the Gardens.

UNIVERSITY INTELLIGENCE
O.XFORD.—An examination will be held at St. John's

College on Tuesday, June 13, and the two following days, to

elect to two Foundation Scholarsliips for Classics, and to the

Holmes Scholarship, which will be given for Natural Science.

The subjects ofexamination in Natural Science will be Chemistry
and Physics ; theie will be also a pass paper in Classics ; there

is no restriction of age. The scholarship is tenable for five

years, and is of the value of I 00/. per annum.
The Boden Professor of S.anskrit (Mr. Monier Williams) pro-

poses to give two public lectures (open to all members of the

university and their friends) in the large lecture room of the

museum, on Wednesday, May 23, .Tnd Wednesday, May 30, at

three P.M. The subject will be " The Sacred Places, Religious

Creeds, and Superstitions of Southern India and Ceylon," and
the lectures will be illustrated by diagrams and objects of

interest (including a model of the Parsee Toners of Silence)

brought from India.

Cambridge.—The " Rede " Lecture will be delivered in the

Senate-house on Friday, May 25, at hall-past two in the after-

noon. The lecturer is Sir C. Wyvdle Thomson, and the sub-

ject of the lecture will be " On some of the Results of the Expe-
dition of Her Majesty's ship Challenger."

London.—.\t Tuesday's Convocation of the LTniversity o
London a resolution was proposed thanking the Senate (or their

decision to admit women to degrees in medicine. To this an
amendment was moved that it was undesirable to take this course

before the House had considered the advisability of admitting

women to degrees in all faculties. This was earned on a division
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by 142 to 129, and was afterwards adopted as a substantive mo-
tion by 144 to 116

Edinburgh.—Lord Zetland has intimated that with the sum,

amounting to between 4,000/. and 5,000/., which he h.is received

as compensation for the abolition of patronage in Orkney and
Shetland, he intends to found several bursaries in connection

with the Faculty of Arts in Edinburgh University. His lord-

ship, in so disposing of the money, has in view the advancement

of the educational interests of Orkney and Shetland, of either of

which the intending bursars must be natives.

SOCIETIES AND ACADEMIES
London

Royal Society, April 12. — "On the Constant Vibratnn of

Minute Bubbles." By Walter Noel Hartley, F.R.S.E., King's

College, London.
Those who have given great attention to the study of fluid

cavities in minerals, have occasionally met with vibrating

particles which are apparently bubbles.

Mr. Hartley became acquainted with these at the close of last

year, 1S75, when Mr. P.J. Butler showed him a ruby contain-

ing a cavity partially filled with liquid carbonic acid, the bubble

in which, when of small size, was in constant motion.

He also refers to a felstone containing portions of quartz

with many cavities. The majority of these were water cavi-

ties, but others appeared to be empty ; and in one of them
Mr. Young had noticed a moving particle, supposed to be a
bubble, which made its appearance only in a cold atmosphere.

By dropping a little ether on the object, the evaporation cooled

it sufficiently to condense a liquid in the cavity, and the moving
particle was easily seen with a magnifying power of 400 dia-

meters. By immersion in iced water, the temperature of which
was 3°'5 C, the cavity had the appearance of being two-thirds

filled with a liquid, the gas-bubble of course occupying the

remaining space, and having a sort of trembling motion. The
bubble decreased in size, and the motion became more and
more rapid as the size became smaller, until it rushed up and
down and across the space in which it was confined. The
thought immediately occurred that this was not a gas-bubble,

but a liquid in the spheroidal condition,—in all probability

carbon dioxide in a perfectly dry condition, and perhaps mixed
with some incondensable gas, so that its critical point was
lowered.

He concludes :—I have proved that gas-bubbles in water as

well as in carbonic acid, may be attracted by a source of heat

giving an extremely slight ri;e of temperature. It is impossible

to imagine a body which is not gaining or losing, or at the same
time both gaining and losing heat ; it is therefore impossible to

imagine it entirely throughout at a uniform temperature. It is

evident then that an easily movable particle which can be set in

motion by exceedingly slight rises of temperature will make the

translerence of heat from one point to another plainly visible
;

I have shown that the minute bubbles in fluid-cavities are such
particles ; and I believe that the vibratory motions which I have
described afford an ocular demonstr.ition of the continual pass 'ge

of heat through solid substances. These phenomena really

make the molecular vibrations of matter plainly visible.

April 12.—"On Attraction and Repulsion of Bubbles by
Heat," by Walter Noel Hartley, F.R.S.E., F.C.S., King's
College, London.
The paper deals with the bubbles in fluid- cavities of crystals,

and their behaviour when a source of heat is brought near
them.

With regard to the attraction of bubbles by heat, the author
has noticed this take place in some water-cavities when the
bubbles were free to move, and no carbonic acid was present.

With regard to this second point, the repulsion of bubbles by
heat, water being the only liquid. It occurs quite as frequently,

if, indeed, nut more so, in the specimens which the author has
examined, than attraction ; and it is seen to occur in cavities

containing water and liquid carbonic acid.

In a paper which the author lately communicated to the
Chemical .Society, he has given details of experiments on
certain bubbles in water- cavities, which prove that by rise of
temperature the bubbles become denser than the water and
sink.

Bubbles attracted by heat and those which are repelled have
generally been found in scpaiate and entirely different speci-

mens, and it would appear most improbable that they should
exist in the same piece of stone side by side.

My work, the author said, was discontinued for a long period
of two months, but on being able to lock over my specimens
once more, I verified all my former observations, and became
surprised by the following discovery :—A bubble which was re-

pelled by a gentle heat was attracted after it had been heated
more strongly, and then on cooling it was again repelled. It

appeared to contain some liquid carbonic acid floating on water
with the gas.

It may be considered an argument against the motions being
due to any pyro-electric conditions of the minerals, that they
have been noticed in crystals of fluor-spar, and that no matter in
which direction sections of rock-crystal are cut, the movements
are all equally well obtained.

Regarding the repulsion of gas-bubbles, two facts are striking,

namely, the very slight rise of temperature (less than 4° C.) on
I one side of the bubble capable of causing the movement, and
the great tension existing within the bubble. The gaseous con-

!
tents prevent attraction by resisting the repulsion of the liquid

I from the wall of the cavity. Warmth at one side of the buljble

results in increased tension of the gas. This being partial, causes
such internal molecular disturbance before it becomes uniformly

I distributed, that the bubble is rolled away from the source ol

1
heat. The bubble then takes up that position consistent with

I the least internal pressure. In this case it is the same bubble
which moves from end to end of the cavity. When repulsion is

,
followed on rise of temperature by attraction, the mcdus
operandi is the following :— Repulsion due to the circumstances

! above mentioned occurs until such a temperature has been
reached that, in spite of the presence of gas within the bubbles,
the increased vapour-tension of water becomes a motive power

I by reason of evaporation and condensation, the motion of course
being in the reverse direction.

April 19.
—"On some Figures exhibiting the Motion of

Vibrating Bodies, and on a New Method for Determining the

I

Speed of Machines," by Herbert M'Lcod, F.C.S., Professor of
Experimental Science, and George .Sydenham Clarke, Lieut.

R.E., Instructor in Geometrical Drawing in the Royal Indian
Engineering College, Cooper's Hill. [See Physical Society.]

Chemical Society, May 3.—Dr. Gladstone in the chair.

—

The treasurer announced that 1,000/. had been placed to the
credit of the Society by the son of the late fellow, Mr. Lambert.
—The following papers were read :—On some points in gas
analysis, by J. W. Thomas. The author finds that nitric oxide
is .absorbed by caustic potash and iryiogallic acid, and recom-
mends that a known volume of pure oxygen should be introduced
after the absorption of carbonic acid and any decrease of volume
noted as nitric oxide. He states that an excess of caustic

potash should always be present in the alkahne pyrogallate, but
that too much of the latter should not be used.—On the decom-
position of nitric oxide by pyrogallate of potash, by Dr. Russell

and W. Lapraik. The authors state the probable action of the
above reagent is to convert nitric ox'de into half its volume
of nitrous oxide, but simultaneously another more obscure
reaction takes place, so that 58 to 76 per cent, of the g.is is

absorbed instead of 50 per cent.—Contributions to the history of
the naphthalene series. No. i. Nitroso-/3-naphthol, by Dr.
Stenhouse and Mr. Groves. Nitroso-ySnaphthoI was obtained
by the action of nitrosyl su'phate on /3-naphthol and purified by
conversion into a barium compound, &c. ; it crystallises in

brilliant hydrated yellow needles or anhydrous orange brown
plates or prisms. It melts at 109" 5 C. By treatment with
dilute nitric acid mononitro-/3-naphthol is obtained. By acting

on the barium compound of nitroso-;8-naphthol with hydrogen
sulphide a precipitate is formed which, by the action of p.jtassium

dichromate, is converted into j8-naphthaquinone melting at

96° C. ; this substance is interesting as being the first instance

of two isomeric quinones derived from the same hydrocarbon.

—

On asbestos cardboard and its uses in the laboratory, by W. N.
Hartley. This substance resembles thick greyish cardboard and
is formed principally of asbestos fibres ; it can be cut or moulded
(by moistening with water) into any shape, and is extremely
useful for crucible supports, muffles, &c.

Zoological Society, May l.—Prof. Newton, F. R.S., vice-

president in the chair.—Mr Howard Saunders exhibited and
made remarks on some nests and eggs of the Orphean Warbler
(Syhia orphais] from the vicinity of Malaga, Spain. Amongst
the eggs in each nest were one or two of larger size, supposed to
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be possibly the eggs of the Cuckoo. Mr. Howard Saunders

also exhibited two skins of Dupont's Lark {Certhilauda dufonti)

from the same locality.—Prof. St. George Mivart read a paper

on the axial skeleton of the Pelicanida;, selecting Pelicjiuis as

his type and standard of comparison. Prof. Mivart first com-

pared it, as regards its axial skeleton, :with Slritth'O, and the

other Stiuthienidu-, and then compared the other Steganopodes

with it and with one another.—A communication was read from

Dr. M. Watson, Professor of Anatomy, Owens College, Man-
chester, on the anatomy of Hyirna crocuta, in which he described

the very peculiar conformation of the female generative organs

of that animal.—Mr. A. G. Butler read a paper wherein he gave

the description of two small collections of Heterocerous Lepi-

doptera from New Zealand, recently brought to England by Dr.

Hector and Mr. J. D. Enys.—-A communication was read from

Dr. O. Finsch giving an account of a small collection of birds

from the Marquesas Islands. Amongst these were three exam-

ples of a new species of Kingfisher, proposed to be called Hal-

fvoii god,(lroyi.—A communication from Mr. Frederick Smith

contained descriptions of four new species of Ichneumonid;i; in

the collection of the British Museum. Amongst these was a new
Bracon, remarkable for having its ovi-positor more than nine

times the length of its body. This was proposed to be called

Bracon poietratror, and had been received from Yokohama,
Japan.— Prof. A. H. Garrod read some notes on the anatomy
and systematic position of the genera Thincorns and Atta^is,

which he considered should be referred to the Limicolae in the

neighbourhood of Glareola and Cursorius.

Geological Society, April 25.—Prof. P. Martin Duncan,
F.R.S., president, in the chair.—Messrs. S. Bewsher, H. G.

Bolam, Charles Thomas, and John M'Kenzie Knight were

elected fellows of the Society.—On the upper limit of the essen-

tially marine beds of the Carboniferous system, and the necessity

for the establishment of a "Middle Carboniferous Group," by
Priif. 1;. Hull, F.R.S. The author, in this paper, divided the

whole of the Carboniferous rocks into successive stages from A
to G inclusive, taking the Carboniferous beds of Lancashire as a

type, and showed that these stages could be identified over tlie

whole of the British Isles. It was only recently that their deter

mination had been made in Ireland, so that until now the mote-

rials had not existed for a complete correlation of the series in-

the British Islands. The following is an abbreviated state ment
of the representative stages in descending order :

Essentially Freihwater Estuarme, vith one or two Marine
Bands.

Stage G.—Upper Coal-measures of Lancashire (2,000 feet)

and other English coal-fields. Red Sandstones, &c., of Bothwell

and Ayr, in Scotland. (Absent in Ireland.)

Stage F.—Middle Coal-measures of Lancashire, &c., with

principal coal-seams (3,000 feet). "Flat coal-series" of Scot-

land. Present in Ireland (Tyrone, Kilkenny).

Essentially Marine.

Stage E.— " Gannister Beds'" (Phillips), with marine shells

and thin coals (2,000 feet), in Lancashire. " Pennystone series"

of Coalbrook Dale, South Wales, &c. "Slaty black-band"
series of Scotland. (Present in Ireland, Kilkenny, Dungannon,
Lough -Mien coal-fields.) Also in Belgium, Rhenish Provinces,

and Silesia, with numerous marine shells.

Stack Y).— Millstone Grit Series of England and \Vale=.

3,500 feet in Lancashire; " Moorstone Rock" of Scotland;
"Flagstone-series" of Carlow and Kilkenny ; MiUstone-gri'. uf

Femianagh and Leitrim, with coals and marine shells.

Stage C.— Yoredale Beds. 3,000 feet in Lancashire ; Upper
Limestones and " Lower Coal and Ironstone series" of Scot-

land ; Shale series of Kilkenny and Carlow ; Ironstone shales of

Lough Allen, with marine shells.

Stage B.— Carboniferous Limestone. Mountain Limestone
of Derbyshire; "Scaur Limestone" in Yorkshire; "Lower
Limestone " (Roman camp) of Scotland ; Carboniferous Lime-
stone of Ireland.

Stage A.

—

Lo-uier Limestone Shale of England. Calciferous

Sandstone series ("Tuedian," Tate) of north of England and
Scotland ; Lower Carboniferous Sandstone, north ot Ireland ;

Lower Carboniferous slate, with Coomhola grits, with marine
shells, south of Ireland. (In Scotland, estuarine or lacustrine.)

Palifontolopcal Results.—On making a census of the Molluscan

and other fossils from the various stages ^above that of the Car-

boniferous limestone (stage B) as determined by the palieontolo-

gist of the Geological Survey, some interesting results were
obtained, showing the prevalence of marine conditions up into

stage E, and a general change in the character of the fauna in

the succeeding stages. Including only the area of the British

Islands, it was found that no fewer than thirty-seven genera, with

seventy-four or seventy-five species, of decidedly marine forms,

occur in the Gannister beds (stage E), of which all the genera

and about forty species were known in the stage of the Carboni-

ferous Liuiestone. The series includes PhUlipsia^ which has been
found by Dr. F. Romer, in the representatives of stage E in

Silesia. On the other hand, of the whole number of species in

stage E (Gannister beds), only six are known in the overlying

stages F and G, these being characterised by the prevalence ot

bivalves of supposed lacustrine or estuarine habitats, variously

called Unio and Anthracosia. Of the few species of marine

genera known in stage F (Middle Coal-measures), about five or

six species are peculiar to itself, according to the determination

of the late Mr. Salter. Such a remarkable difference in the

fauna of the Upper and Middle Coal-measures, as compared
with that of the Gannister beds, constituted, in the author's

opinion, sufficient grounds for drawing a divisional line between
these two divisions of the Carboniferous series. Of the several

existing methods of classification adopted by different authors,

none of them appeared sufficiently to recognise the palceontolo-

gical distinctions and characteristics of the several formations.

The large number of genera and species which are now known
to range up from the Carboniferous Limestone into the Gannister

beds, and no higher, indicated the proper horizon for a divisional

line, in fact a palieontological break at the top of the Gannister

beds. On the other hand, the mineral and paloeontological

differences between the Carboniferous Limestone and the over-

lying Yoredale series were sufficient to justify their separation

into distinct divisions ; while the Yoredale, MilLtoue-grit, and
Gannister series are related by close mineral and palreontological

resemblances. With a view, therefore, of bringing the classifi-

cation of the Carboniferous series into harmony with the cha-

racter of the representative faunas, and the physical features of

the successive stages, the author suggests that stages C, D, and
E, composed of essentially marine beds, should be united into a

Middle Carboniferous group ; while stages F and G would
remain as at present, in the Upper Carboniferous, their fauna

being essentially of fresh water. In the discussion which fol-

lowed. Professors Ramsay, Boyd-Dawkins, Prestwich, and
Hughes seemed to doubt the feasibility of permanently main-

taining the lines of demarcation laid down in the paper.—On
coal-pebbles and their derivation, by H. K. Jordan, E.G. S.

Physical Society, April 28.—Prof. G. C. Foster, president,

in the chair.—Mr. W. Ackroyd described some methods of

studying selective absorption in relation to the doctrine of aggre-

gation. After referring to the absorption of iodine vaj our and
iodine violet solutions he showed that an analogy exists between

these solutions and the aniline dyes, and a method was indicated

by which the approximate size of the particles affecting light

might be estimated.—Prof. H. McLeod exhibited .several forms

of apparatus which he has, in conjunction with Lieut. G. S.

Clarke, R.E., arranged for determining the speed of machinery,

&c., from observations made on the figures produced by com-
bining their motion with that of a vibrating body ; a description

of them has already been communicated to the Royal Society.

If a uniformly-moving point of light be rellected Irom a mirror

attached to a tuning-lork vibrating in a plane at right-jngles to

the motion of the point, the reflected image will appear as an
ordinary single wave, and a double figure of the form of a series

of figures of eight, caused by the overlapping of two waves, will

be funned if a series of points of light move uniformly with such

a velocity that a point passes over two intervals during an odd
number of vibrations of the fork. If equidistant perforations be

made in a circle on a disc which is [attached to a rotating axis

and the number of vibrations of the fork be known, the form of

figure reflected on to the screen will, theoretically, give the requi-

site data for determining the rate of rotation of the disc, and further,

a slight increase or decrease in this rate causes the figure slowly

to move in the same or opposite direction to the disc. If the

fork make 3,600 vibrations and the disc 100 revolutions per

minute, the circle must be divided into seventy-two equal intei-

vals, but for such a number as loi revolutions 71 '287 intervals

are needed. This fact would introduce some difficulty in pre-

paring an apparatus for measuring the velocity of rotation so as

to give the speed in whole numbers per minute, but it may be

obviated by ruling convergent white lines on dark paper and so
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wrapping it round a cylinder that one line is parallel to the axis,

an arrangement which gives every possible subdivision of a circle

between any given intervals. The figures are then observed by
examining these lines through a narrow slit in a light opaque
screen attached to a tuning-fork or reed vibrating in a plane

parallel to the axis of the cylinder. This observing apparatus is

moved parallel to that axis until the figure remains stationary,

when the number of rotations is read off on a graduated

scale. Conversely, if the number of rotations of the cylinder is

known, the period of the tuning-fork can be determined. Inci-

dentally Prof. McLeod explained a sim pie method of causing a

fork to vibrate, and the manner in which they have succeeded in

maintaining the vibrations of a reed. It was found that varia-

tions in temperature influence tlie determinations, inasmuch as

they cause tlie period of the fork or reed to vaiy. When the

former is used it becomes necessary to deduct o'oi i per cent, of

the result lor each degree centigrade of rise above the tempera-

ture for which the fork is set, and 00277 per cent, when em-
ploying a reed.

Anthropological Institute, April 24.—Mr. John Evans,

F. R. S., president, in the chair.—Dr. John Rae read a paper on

the migrations of the Esquimaux. The chief subjects of Di\

Rae's remarks were two papers read before the Ethnological

Society, twelve years ago, the one by himself, the other by IVIr.

Clements R. Markham, Dr. Rae considered that Mr. Mark-
ham's present view was in accordance with what he (Dr. Rae)
advanced in 1865, viz., that the route of the Eskimo must have

been along the coast of America, across the Strait (northward) to

Banksland, and thence to the Parry Islands, &c., where so many
traces of them remain. He gave some information regarding

various peculiarities of the Eskimos, and exhibited a stone lamp,

with a curiously-shaped piece of stone, used for adjusting the wick,

which consists of a species of fibrous moss (sphagnum) brought

with the lamp from Repulse Bay more than twenty years ago.

The lamp when lit gave a clear bright tlame, from each of the

three bits of 11 oss used, without any perceptible smoke. These
form valuable articles of barter by the Eskimos in theneighbiiur-

hood of such localities, with the more distant natives, for they

seem to be in almost universal use, from Behring Strait eastward

to Hudson Bay.—Mr. Robert B. Holt then read a paper on
earthworks in Ohio, and Prof. Busk, F.R. S., described some
skulls from the same place.-—The following gentlemen took part

in the discussions :— .Mr. Hyde Clarke, Mr. Allen, the president,

and otheis.

Paris

Academy of Sciences, AprU 30.—M. Peligot in the chair.

—The following papers were read :—On a phenomenon of inso-

lation of the eye, which has not hitherto been explained, by M.
Chevreul. A few days before St. Bartholomew's day the Prince

de Navarre (afterwards Henri IV.) being with the Due d'Alenjon
and the Due de Guise, at the Louvre, playing dice, they twice

saw blood spots on the dice, whereupon they separated, in alarm.

M. Chevreul explains the phenomenon as an elTect of contrast of

colours in sunlight, and gives some experiments in illustration.

Material black appears red in reflecting white light.—On car-

buncular disease, by MM. Pasteur and Joubert. Are the effects

due to the bacteridmm or to a virus? The bacteridium may be
multiplied indefinitely in artificial liquids, without losing its

action on the system, so we cannot suppose it accompanied with

a soluble substance (or vims) producing, jointly with it, the car-

buncular effects.—Probable consequences of the mechanical theory

of heat, byM. Fave. Heseeks to explain the phenomena altributed

by M. Boutigny to the " spheroidal state," by supposing that the

calorific w.aves of the sidereal ether have a repulsive action on pon-
derable matter. Take the ca^e of a little water poured into a red-

hot capsule. The heated metal gives r.adiant heat, I'u:, impresses

the ether with waves which are rapidly propagated. This mo-
tion upwards counterbalances that due to the weight of the

water. The distance between liquid and metal depends on the

z/is L'iva developed by the ether. The motion of oscillation is

combined with one of varying rotation due to the resultant of the
repulsive forces not passing through the centre of gravity of the

globule.—On a new deposit of liquid mercury, indicated in the

upper valley of I'llerault by M. de Quatrefages, by M. Leymerie.
— On a new Arctic expedition of M. Nordenskjold, by M. de
Saporta. He intends prolonging his exploration as far as Behring
Straits. The expedition is to leave Sweden in the summer of

1S7S.— Electro-silicic light, by M. Plante. He calls attention to

the bright light produced when one or other electrode of his

secondary batteries is applied to a lube or plate of glass.

\o

The glass is decomposed, and the luminous effect is probably
due to incandescence of thesilicium.—On a process of solidi-

fication of sulphide of carbon, by M. Mercier. Treating
oils with a little protochloride of sulphur, a transparent

solid matter is got, with nearly the elasticity of caout-

chouc. If a volatile liquid be added at the moment of mix-
ture, as benzine, oil of petroleum, or sulphide of carbon, the

solidification takes place all the same, and the volatile liquid is im-
prisoned as in a net-work, from which it can only escape slowly.

The mixture may hold even 70 per cent, of sulphide of carbon.—

•

On the treatment of phylloxerised vines with sulpho-carbonate of

potash, by M. Fatio. — On the rooting out of phylloxerised vines,

by M. Cornu.—On the comparative structure of the roots of Ame-
rican and indigenous vines, and on the lesion; produced by the

phylloxera, by M. Foez.—On the regeneration of phylloxerised

vine-stocks by the employment of sulpho-carbonate of potash, by
M. Gueyraud.—M. Dumas presented the first document from a
Commission charged by the Emperor of Brazil, to determine the

geographical positi )ns of the principal points of the empire.

It treats of the position of Barra do Pirahy, relatively to

Rio de Janeiro Observatory.—Observations of Comets II.

(Winnecke) and HI. (Swift, Borrelly), byM. Wolf.—On some
observations of solar spots, by M. Denza. This confirms M.
Janssen's observations.—On the surfaces whose principal radii

of curvature are functions of each other, by M. Mannheim.

—

Investigation of the law which a central force must follow for

the trajectory which it produces to be always a conic, by M.
Darboux.—On the laws of Kepler ; solution of a problem pro-

posed by M. Bertrand, by M. Halphen.— Reply to a note of M.
Kirchhofif on the theory of elastic plates, by M. Levy.—Singu-
lar solutions presented in the problem of curvilinear motion of a
point under the action of a central force, by M. Boussinesq.

—

On substances capable of being produced at a temperature above
that which causes their complete decomposition, by MM. Troost
and Hautefeuille. Examples are : protoxide of silver, ozone,
protochloride of platinum, sesquichloride, protochloride, and
subfluoride of silicium.—Process of industrial preparation of pure
salts of alumina, by M. Ducla.—On monochlorised acetones, by
M. Etard.— Experiments proving that the septicity of putrefied

blood is due to figured ferments, by M. Feltz.—On the fixation

of tannin by vegetable tissues, by M. Miintz. The tissue of
champignons, especially, may be "tanned" into a kind of
vegetable leather.—On gaseous exchanges between plants and
the atmosphere ; reply to critical observations of M. Barthelemy,

by M. Merget.—Researches on the absorption and emission of

gases by roots, by MM. Deherain and Vesque.—On the spon-
taneous and regular movements of a submerged aquatic plant,

Cerati^phylluni demersum, by M. Rodier.—On the presence of

mercury in the springs of Rocher (Puy-de-D6me), by M.Garrigou.
—On a case of hereditary hemiteria, by M. Martinet.—On in-

crease of the production of springs, by M. Chefdebien.
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SCIENCE AND WAR
T^ ECENT wars have had particular interest for the

man of science. If we go back some fifteen or

twenty years and consider the different wars which have

unfortunately occurred since that time, we shall find

connected with each one of them certain features which

undoubtedly mark progress in the art of killing and

wounding. Some argue—and on very good grounds, no

doubt— that the more sharp and terrible warfare is made
the more speedily must it come to an end, and lience look

with favour upon the means taken every day to render

weapons more destiuctive and the soldier more cunning

in his dangerous trade. We do not propose to discuss this

argument, nor to enter at all into any comparison between

the wars of our forefathers and those of to-day, but al a

crisis like the present we need hardly apologise for

bringing before our readers some points illustrating the

marked influence of science upon modern warfare.

Starting from the close of the Crimean war, the first

in which the electric telegraph was employed, we find

ample examples of the assistance furnished to the soldier

by scientific research. One instance taken from the war of

1858 is especially interesting. The Austrians held Venice

at the time, it may be remembered, and to protect the

harbour, torpedoes were laid down. The torpedoes were

fired by electricity, and contained gun-cotton, this being

the first instance on record of the employment of electric

torpedoes and of the newIy-inventcd nitro-compounds.

Nor was this all. The torpedo- system devised at Venice

by the Austrian engineers had yet another point of scien-

tific interest. A camera ^obscura was built overlooking

the harbour, and upon the white table of this instrument

were reflected the waters of Venice. As the torpedoes were
sunk one by one a sentinel in the camera noted the place

of their disappearance with a pencil, giving each torpedo

a consecutive number. i\ row-boat in the harbour de-

scribed a circle around the sunken torpedo indicating the

zone of its destructive power, and the sentinel again, with

his pencil, made a corresponding ring upon the camera
table. In the end, therefore, while the harbour itself was
apparently free from all obstuiction, a very effective

means of torpedo defence was established, the key of

which was only to be found in the camera obscura. The
sentinel here had wires in connection with every torpedo,

and was in a position to fire any one as soon as he ob-

served—by means of the camera—the presence of a hos-

tile vessel within the limits of any of the circles marked
upon his white table.

In the American war of 1S60, the electric torpedo, in-

vented but two years before, played a most conspicuous
role, and formed indeed with the use of big guns and
monitor ironclads, one of the most important features of

the struggle, at any rate from a scientific point of view.

The war of 1 866, when the Austrians suffered such a terrible

defeat at the hands of the Prussians, will long be remem-
bered as a combat between the old muzzle-loading rifle

and the breech-loader, in which the latter was victorious.

The Franco-German struggle of 1870 again, though
marked by the employment of no special arm, if we
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except the mitrailleuse, was assisted by important appli-

cations of science ; to wit, the reproduction, by means of

photo-lithography of the Frcncli ordnance maps and
plans, which were distributed in thousands throughout

the German army, and the establishment in France of

la posle acrieitnc to communicate with the besieged gar-

;iscn of Paris. The regularity with which the mails left

Paris par ballon moiilc, must still be fresh in the memories
of our readers, the publication of correspondence from

the French capital being maintained in our journals

during the whole period of the investment. From Sep-

tember 23 to January 28, when Paris was practically cut

off from the rest of the republic, no less than sixty-four

balloons left the city with passengers, mails, and pigeons,

and of these only three were lost, while five were captured.

The return-post by " homing pigeons " was hardly so

regular, but nevertheless half the number of despatches

given in by correspondents at Tours and elsewhere, or in

other words 100,000 messages, were by the unflagging

energy of the postal authorities carried into the beleaguered

capital. The despatches, most of them as brief as tele-

grams, were distinctly printed in broad sheets and pho-

tographed by the aid of a micro-camera ; impressions

upon thm transparent films were then taken and rolled in

a quill attached to the tail of the winged messenger which

was to bear them into Paris. Arrived at their destination,

the tiny photographic films were enlarged again by the

camera, and the despatches being once more legible, were

distributed to the various addresses.

The present Russo-Turkish war cannot well be less

interesting than those that have so recently preceded it

and we may especially point out two directions in which

fresh examples of scientific warfare will probably manifest

themselves— in connection, namely, with the cavalry

pioneer and the Whitehead torpedo. Both of these will

probably be seen in warfare for the first time, and before

many days are past we may hear of their doings in

action.

The cavalry pioneer must not be confounded with the

Prussian Uhlan who played so conspicuous a part in the

last war. The ubiquitous Uhlan, terrible as he was,

did not work the injury which some of the Cossacks

will have it in their power to inflict if accoutred as

pioneers. These are selected from the smartest and

most daring troopers, lightly armed and well mounted.

In a belt round their waists they carry a few pounds of gun-

cotton or dynamite, and with this highly destructive ex-

plosive they may work incalculable harm. A small charge

of gun-cotton placed simply upon a rail and fired with

a fuze suffices to blovv several feet of the iron to a distance

ofmany yards, thus rendering the railway unserviceable on

the instant. A trooper may dismount, place a charge at

the base of a telegraph pole, fire it, and be in his saddle

again within sixty seconds. Wires may thus be cut and

communication stopped in the heart of an enemy's country

by fearless riders, who have but to draw rein for an instant

to effect the mischief, while lines of railway in the neigh-

bourhood arc entirely at their mercy. Even light bridges

and well-built stockades may be thrown down by the

violent detonation of compressed gun-cotton, and forest

roads considerably obstructed by trees thrown across,

which are never so rapidly felled as when a small charge

of this explosive is fired at their roots.
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The influence of the Whitehead torpedo, of which we
have heard so much of late, will likewise be felt for the

first time during the present war. An implement so

ingenious in its character that, as Lord Charles Ucres-

ford the other day happily remarked, it can do almost

anything but talk, is in the possession of both belli-

gerents, and will doubtless be heard of ere long on the

Danube and in the Black Sea. These torpedoes are

manufactured at Fiume on the Mediterranean, and, like

Krupp guns, are to be purchased by any one who chooses

to pay for them.

The ISritish Government manufactures its own White-

head torpedoes in this country, having paid several

thousands of pounds for the privilege. The machinery

inside this torpedo is still a secret, which is strictly main-

tained by our Government, but the principle of the inven-

tion is well known. It is a long cigar-shaped machine

measuring a dozen feet and upwards. In the head is a

charge of some violent explosive, such as gun-cotton, or

dynamite, which explodes as soon as the torpedo strikes

an obstacle. The motive power is compressed air, which

is forced into the machine by powerful air-pumps, imme-

diately before the torpedo is discharged into the sea, no

less than 600 lbs. on the square inch being the pressure

exerted. The Whitehead is shot from a tube, and moves

through the water as straight as a dart, the compressed

air working upon a screw in the tail of the machine. The
delicate machinery permits the torpedo to swim at any

depth below the surface that maybe desirable, and it flies

straight in the direction it is aimed, at a speed of something

like twenty miles an hour. If it fails to strike the foe,

then the intelligent apparatus at once rises to the surface,

becoming innocuous as it does so, and may in this condi-

tion be captured without difficulty.

A torpedo of this sort striking the sides of an ironclad

would almost infallibly send her to the bottom, and

although it has been proved that a network or crinoline

around the ship is capable of retarding the progress of a
" fish " of this nature, and exploding the same harmlessly

in its toils, it is obviously a very difficult matter thus

to protect one's craft. Against heavy torpedoes, indeed,

there seems no way of defence at all (the Whitehead

generally carries a charge of 70 lb. or 80 lb., but moored

torpedoes may contain a 500 lb. charge), and therefore

Turkish vessels will have to give Russian ports a wide

berth. All must remember how the magnificent fleet of

the French was kept at bay by the torpedoes of the

Germans in the North Sea in 1870, and the IJlack Sea

ports are no doubt similarly protected. So demoralising

is the dread of the torpedo with sailors apparently, that

they will dare anything rather than venture into waters

which conceal these cruel foes.

H. Baden PRriciiARD

THE OWENS COLLEGE UNIVERSITY
QUESTION

IN his address on Tuesday last week, at the London
University, the Chancellor noticed in dignified

and sensible words the proposed application of Owens
College to the Government for a Charter of Incorporation

as a university, either by itself, or as the centre of a

family of northern colleges. Nothing could well have

been more unfortunate or ill-judged than the furious

onslaught of Mr. Lowe, the member for the LTniversity,

in the Foiinighlly Ri-vicw. The complaint of the Man-
chester people is that the London system, however suitable

in itself, hampers the educational activity and usefulness

of institutions capable of an independent existence, and it

was scarcely decent for the member for that university

to step forward in her interests as a mere partisan of the

stains quo. In fact there is no antagonism. Manchester

has never denied that it is a good thing that there should

be a university in London to examine all comers. She
has said that she thinks it a bad thing for institutions

with a sufficient permanent teaching staff, a large enough
number of students and a solid establishment in the dis-

trict to which they belong, to have to shape their work
according to the ideas of any central university that must
suit all comers. Mr. Lowe is the one member of Parliament

who should have held his tongue on the matter till he was
forced to speak, because a hasty utterance on his part

could not but seem to compromise his University. Lord.

Granville took pains to remove the injurious impression of

an unworthy jealousy in London which Mr. Lowe's article

could scarcely fail to create. He tells us that London feels

" absolutely no objections of a merely jealous character,"

and that London would have a " very friendly feeling to any
university which, after due deliberation and with a sound

regard to the real advantages of education, may hereafter

be established." In that wise and sensible attitude it is

open to the University to consider either of the two

schemes suggested for the northern univcriity. The first

of them, which is that favoured by the college authorities,

is that Manchester should be created a university much
as Glasgow is. According to the views of the supporters

of that scheme we should be prepared to multiply our

universities as the Scotch have done, by chartering

one in any large town where its students and its en-

dowments, its history and its reputation offer equally

solid guarantees of permanence. The other is that

Manchester should be the capital

—

pyiiniis interpares—
of a new northern university on the original affihation

basis from which London has departed. The weakness

of the affiliation principle is that it is scarcely in nature

that it should not gradually relax, so that colleges should

be affiliated on easier and easier conditions till it becomes

useless to keep up the farce. But both schemes, the

latter of uhich, indeed, is Dr. Carpenter's, are practicable

—both worthy of careful consideraticu and discussion

—

and it is pleasant to see that the University of London,

through her Chancellor, disavows any settled policy of

obstruction.

Lord Granville reminded his hearers of what most

people have forgotten—the history of the incorporation of

the University. It was a subject of excited debate in this

country and in Parliament, for ten years from its first

inception. The project was started in 1825. Funds were

then raised by subscriptions in 100/."shares, and the insti-

tution was in activity in 1828. In 1S30 an application

was made to the Crown for a charter, and the charter as

prayed for had gone through nearly all the necessary pi'e-

liminary stages, when its progress was stayed by the

opposition of Oxford and Cambridge. In 1833 the appli-

cation was renewed, and it was supported by an address

to the throne from the City of London. It was opposed
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by Oxford and Cambridge, by the Royal College of

Surgeons, by the teachers of medicine and surgery in the

London hospitals, and by others. The matter was

referred to the Privy Council, and argued before it in

1834. There was no question then of anything so futile

as what has been once or twice suggested for Owens
College, the title of university, without the privilege

of degrees. The Privy Council found the subject sur-

rounded by difficulties, and adjourned its consideration.

Shortly after, Lord Melbourne's Ministry, which was

friendly, retired from office, and Sir Robert Peel's, which

took the view of the old universities, succeeded. An
address to the Crown, however, was carried against the

Ministry by 246 to 136, on the motion of Mr. W. Tooke,

prajing that a charter might be granted to the University

of London, with no restriction but that they were not

f confer degrees in divinity. The Privy Council was asked

I ' icport on the subject, but the report was delayed, and
Ijtfore they presented it Lord Melbourne returned to power,

la August, 1835, the Chancellor of the Exchequer, ]\lr.

Spring Rice, communicated to the Council of the existing

L'niversity College that Government proposed to incor-

porate by charter as a university in London, a body of

gentlemen eminent in learning and science, with the'powcr

of examining and granting degrees in arts, medi-

cine, and laws to students of certain colleges in Lon-

don, therein named, and of others existing throughout

the country to be afterwards recognised, as well as of the

schools of piofessional education. This university was

to be supported by an annual grant. There were to be

no religious tests. The' existing body, which called itself

the University of London, received a charter as a college

and was named as one of the colleges entitled to submit

students for examination. The two charters to the new
imiversity and the new college were issued on November
28, 1835. They have been several times modified. The
list of affiliated colleges was always large, and as the

Senate of the University had no control over the affiliated

colleges it grew unwieldy, institutions of the feeblest

character receiving affiliation. In 1863 a charter was
granted empowering the Senate to admit persons not

educated in affiliated colleges to examination, and this

decision creates the University of London of to-day as

distinguished from the institution of the same name
founded in 1835. About half the students now come
from affiliated Colleges and half from anywhere or no-

where. The examinations must be fixed in view of this

fact. Examiners must take into account as a most vital

matter the books on the subjects of their examination

which are readily accessible to students, and they cannot

shape their examinations in view of the practice in teaching

of any one or more of the affiliated colleges. We hope

that the proposed university of the north may have a

shorter novitiate, and that she may be conducted in as

elevated a spirit and with as resolute a desire to promote

the interests of literature and science as the University of

London has been. It would have been a painful spectacle

if the youngest of our Universities, forgetful of her own
early struggles, had spent her energies in an opposition

which Oxford and Cambridge have thought unnecessary

or unworthy of them. The speech of her Chancellor leads

us to hope that the claims of the proposed new university

will be considered calmly and on their merits.

NICHOLSON'S "LIFE-HISTORY OF THE
EARTH"

The Ancient Life-History of the Earth; a Comprehensive
Outline of the Principles and Leading Facts of Palceon-
tolo^ical Science. By H. AUeyne Nicholson, M.D.,
U.Sc, M.A., Ph.D. (Got?.), F.R.S.E., F.L.S., Professor

of Natural History in the University of St. Andrews.
(Edinburgh and London : William Blackwood and
Sons, 1877.)

THERE is no feature in which the ordinary geological

manuals in common use in this country are more
deficient than in the sketches which they give of the

leading characteristics of the animal and vegetable life of

the successive periods which they describe. The truth of

this remark will be made strikingly apparent by a com-
parison of the works in question with some of the best

German treatises on geology, such as those of von
Hauer and Credner, and still more if we examine them
side by side with that most excellent of text-books. Prof.

Dana's " Manual of Geology."

Some writers on geology in this country would indeed

appear to hold the opinion that, since the succession of geo-

logical formations was first determined in our own islands,

an appeal to the facts of British stratigraphical geology

must in every case be final in deciding all difficulties

which may arise concerning the definition and limits of

the difterent systems of stratified rocks in every part of

the globe. Hence the controversies which have taken

place in this country concerning the boundaries between
the Cambrian and;. Silurian, the Devonian and Carboni-

ferous, and the Permian and Trias have acquired an alto-

gether factitious importance, and undue weight has been
attached to the interpretatiou of some obscure section

the significance of a local unconformity, or the appear-

ance—often a fallacious one— of a gradual transition

between two sets of beds, while far more suggestive facts

connected with the relations of the fossil contents of the

two series of rocks are too often altogether lost sight of.

But it cannot be too strongly impressed upon the minds
of English geologists that the district in which a system of

strata is first detected may not necessarily be the one in

which it is best adapted to serve as the type of that

series ; that as a matter of fact the best illustration

of the features and relations of the Cambrian and
Silurian is to be found, not in Wales, but in Bohemia

;

and of the Devonian, not in Devonshire, but in the

Eifel. English students, too, need to be reminded that

the classification of the stratified rocks is based not

upon the occurrence of certain physical breaks, in the

continuity of a series of beds, which are often, indeed,

of very local character and small importance, but upon

the great principle that each formation is characterised

by a well-marked and distinctive fauna or flora. Con-

cerning the fact, position, and significance of many
of the physical breaks in the succession of forma-

tions, the ablest field-geologists, such as Sedgwick
and Murchison, Jukes and Godwin-Austen, have fre-

quently arrived at very opposite conclusions ; and the

importance which has been attached to these discussions

on points of details has doubtless led many to entertain a

notion of the instability of the foundations of the geolo-

gical systems of classification which is very far from
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having any real foundation in fact. For it must not be

forgotten that, however certain questions now pending

concerning the nomenclature of the Welsh strata may

eventually be decided—and these questions of nomen-

clature and priority are, after all, of very secondary im-

portance—the grand fact first clearly determined by the

discoveries of the illustrious Barrande in Bohemia, that

there can be distinguished in the series of older Pal.tozoic

strata three great divisions, each characterised by a well-

defined fauna, is quite independent of these controverted

points, and its value cannot be affected in any way by

their decision either one way or the other.

It will be manifest from what we have said above that

we regard the present work of I'rof Nicholson as dealing

with a subject in connection with which the want of a

competent te.\t-book in this country has long been a

serious evil ; and of the general accuracy and reliability

of the information supplied by this convenient little

volume we can also speak in terms of high commendation.

Prof. Nicholson has wisely availed himself to the fullest

extent of woodcut illustrations in aid of his descriptions

of the fossil forms ; and the 270 engravings, many of them

containing illustrations of a number of different species,

will be a great boon to the geological student. Some of

these woodcuts now appear for the first time, but others

have already done duty in the author's previous writings.

We cannot unfortunately award anything like equal praise

to all these illustrations, for while some of them are of

exquisite truthfulness, detail, and finish, certain others

are so coarsely executed and so wanting in character, that

it is a marvel to us how so accomplished a naturalist as

the author could have ever permitted them to dis-

figure his pages. There is one omission in connection

with the illustrations, which will greatly detract, we fear,

from the value which they would otherwise have for the

student, namely, the absence of indications of the number

of limes which the scale of the drawings is magnified or

reduced from that of the original objects. Every one

engaged in teaching is aware what erroneous notions

concerning fossil forms are often propagated by want of

attention to this detail.

In his discussion of the characters distinguishing the

flora and fauna of each of the great geological periods,

Prof Nicholson is usually very clear in his descriptions

and happy in his choice of typical forms. The greatest

danger which besets the writer of such a work as the

present is that of overwhelming the student with masses

of detail, unrelieved by those broader generalisations

which may serve to aid his memory in grouping the facts

about convenient centres. Had Prof Nicholson in the

present work prefaced each of his descriptions of the

great geological periods with a succinct statement of its

leading pateontological characteristics, and also furnished

similar summaries for the greater epochs, we cannot but

think that the work would have been far better adapted

to the wants of the student, and at the same time its

suitability for general readers would have been in no wise

impaired.

The references to authorities at the end of the chapters

will be found useful by all classes of readers, and the

general remarks on the " Principles of Paheontology

"

with which the work opens will sufficiently prepare those

who may be totally unacquainted even with the funda-

mental facts of geological science for a profitable perusal

of the succeeding chapters. The work before us con-

stitutes a popular exposition and summary of the facts

of palceontology, suitably arranged for beginners ; but

as a text-book for the more advanced student of the

science, it still leaves much io be desired. We search

it in vain, for example, for information on many im-

portant questions, such as the classification of the mul-

tifarious forms grouped under the name of Aminoiiihs,

and we sometimes find obsolete names employed for

certain genera and species. There are certain obvious

errors and omissions which will doubtless be corrected

and supplied in a subsequent edition of the work—such,

for example, as the table of Cambrian strata on p. 79,

and the absence of all notice of the remarkable Devonian

fossil, Calceola sandalina.

As a compact and popularly written introduction to a

very important department of science, Prof. NichoUon's

new work may be safely recommended ; and it is well

worthy to take its place among that series of useful

'

manuals for which we are already indebted to its indus-

trious author.

OUR BOOK SHELF
Gi'olo'^ical Survey of Canada. Report of Proi^ress for

1874-75. Alfred R. C. Selwyn, F.R..S., F.G.S.,'Dircctor.

(Published by Authority of Parliament, 1S76.)

Although IVIr. Selwyn, like his predecessor, Sir William
Logan, has the highest possible ideal of the importance
of pure geological mapping, the necessity for the rapid
exploration of a vast unsurveyed new land simultaneously
with the development of rich coalfields, compels him to

employ two very different systems of working. With a
staff of only ten geologists, two-thirds of whose time is

engrossed by topographical preliminaries, the usefulness
of the survey as a whole must depend to a great extent
on the judicious determination of the degree of import-
ance attached to the details of its various parts. Accord-
ingly, Mr. Selwyn has confined the detailed mapping to

the settled eastern sea-board, carrying on at the same
time reconnaissances in the central and western regions,

where complete maps will not be demanded for some
time to come.

During the past year Mr. Selwyn has been able, in

addition to his administrative duties, to overtake some
field-work, chiefly among the paheozoic rocks of New
Brunswick and the coalfields of Cumberland and Sydney.
The Report contains two geological maps of portions of

the Cape Breton Coalfield, by Messrs. Robb and Fletcher,

exhibiting all the completeness of the British coalfield

maps.
Mr. R. W. Ells furnishes a map and report on the

hematite ores of Carleton County, New Brunswick. The
ore appears to occur in veins along the stiike of highly-

inclined Silurian rocks.

Mr. Henry G. Vennor has been surveying in the
Laurentian region of Frontenac and Lanark Counties,
and embodies the results of his labours in a map and
report. It appears that apatite mining in this district has
recently ceased to be a profitable industry. Mr. Vennor
sees the cause of failure in the injudicious and costly

manner in which the mining was carried on. Iron ore
(magnetite) occurs at Eagle Lake in a bedded form,
associated with hornblendic and dioritic rocks.

Mr. Robert Bell and Mr. Joseph Spencer describe the

country between the head-waters of the Assineboine
River and Lakes Manitoba and Winnepegosis. During
a rapid survey of this little-known tract, they recorded the
occurrence of Laurentian schists and rocks of Huronian,



A/ay 17, 1S77] NATURE 41

Devonion, and Cretaceous age. They also made many
valuable observations on the superficial deposits, as well

as on the physical geography of the region. An interest-

ing point in their report is the frequency of old beaver-
dams in places where there is now little or no water—an
evidence of the former greater humidity of the climate.

In British Columbia Mr. James Richardson continued
his explorations. He traversed metamorphic crystalline

rocks (auriferous) extending over seven degrees of lati-

tude and six of longitude. The romplicated structure of
the Nanaimo coalfield was further mvestigated, but the
work is not yet complete.

Mr. J. Lionel Smith reports on the salt manufacture
and trade of Ontario, and m.ikes some interesting and
useful comparisons between the various processes for the
treatment of the brine in Canada and elsewhere.

Mr. J. Harrington closes the volume with notes on
Canadian rocks and minerals.

R. L. Jack

The Schools of Forcsiiy in Europe. A Plea for the
Crccxtioti of a School of Forestry in Comieition with the
Arboretum at Edinbii?-^h. By John Crombie Brown,
LL.D., &c. (Edinburgh : Oliver and Boyd.)

Tins pamphlet is written in the form of a letter or address
to the Lord Provost of Edinburgh and the promoters of
the Arboretum at Inverleitb, and is in short a strong
argument in fa\our of the formation of a school of
Forestry to be connected with the Arboretum. Dr.
Brown shows that in France, Spain, Italy, Austria,
Poland, Russia, Finland, Sweden, and in fact in almost
every country except Great Britain, its Colonial depen-
dencies and the United States of America, such schools
e.xist under Government authority, and it is in these very
countries that such schools would be of immense utility.

The proposed curriculum of three years' study sketched
out by Dr. Brown as likely to prove advantageous is, in

the main, good, but we think that the French and German
languages should be taken before the end of the third year.

The notices of the arrangements and systems of studies in

the various Continental forest schools are not without in-

terest. Dr. Brown concludes his "plea" with a com-
parison of the English and Continental forests ; the extent
of the latter, togeiher with the threatened lack of fuel by
the extinction of forests as against our supplies of this

necessary article from coal mines, being, no doubt, among
the principal causes of the decrease of forest training in

this country. The lack of special literature on the sub-
ject in the English language also compares badly with
that of the Continent.

Unser Somienkorpcr nach seiner physikalischen, sprach-
lichen ii.id mytholooischen Seitc hin bctrachtel. By
Dr. Schmidt. (Triibner, 1S77.)

Dr. ScHM[DT has more learning than method. In fact,

he belongs to that school of paradoxers who are less

common in Germany than in this country. He proposes
to show that the sun is a cold inhabited body, heat being
developed by the friction of its rays against the earth and
other celestial bodies. Upon this physical theory he
superimposes his mythological one. Words which have
a slight res'mblance in sound and meaning are gathered
together fran all parts of the world and assumed to be
connected ii spite of their belonging to different families

of speech. Out of this hodgepodge are extracted such
conclusions is that the sun-god was believed to illumine
the dead ir Hades or that the snake represented the
return of Afollo to the light of day. But the philology of

the writer nay be easily appreciated when we lind him
speaking o' "the Armeno- Caucasian family, to which
belong ncf only Semites and Aiyans, but also some
Turaniar tribes," and intimating that the roots of the
Chinese anguage are allied to those of the " Arineno-
Caucasiai.' As might have been expected. Dr. Schmidt

is not always right in the words he quotes from the
numerous languages, ancient and modern, which he has
laid under contribution.

LETTERS TO THE EDITOR
[The Editor does not hold himself responsible for opinions expressed

by his correspotidents. Neither can he undertake to return,
or to correspond -with the writers of, rejected manuscripts.
No notice is taken of anonymous communications.

The Editor urgently requests correspondents to keep their letters as
short as possible. The presiure on his space is so great that it

is impossible otherwise to ensure the appearance even of com-
munications containing interesting and novel facts. ]

Passage of Plants Across the Atlantic—Haplomitrium
Hookeri, Lyell

Trof. Unger arrived at the conclusion that in Tertiary times
there was a passage of plants from America to Europe. A
plant found by myself last year in the Island of Dominica, West
Indies, led me to think it probable that there had been an
extension of at least one plant in the opposite direction. The
plant to which I refer is one of the Ilepatic.e, Haplomitrium
hooktri of Lyell. It differs so much from other Ilepaticre that
I was able approximately to identify it on the spot where I

found it in considerable abundance. Should it prove to ba
specifically distinct, my remarks m,ay still, to some extent, hold
good. It was growing in a dark, moist, shady spot on the north
side of a mountain at an elevation of about 4000 feet. //.

hookeri is generally distributed over the North of Europe, but I

cannot find that it has ever before been found out of Europe.
Dr. Oliver kindly informs me that there are only European
specimens in the herbarium at Kew. I have failed in obtaining
information of its occurrence either in North or South America,
or in the intermediate islands. Nees ab Esenbeck, in his

".Synopsis Ilepaticorum," whilst recording a large number of
IIe|)atica: from the West Indies, mentions //. hookeri only from
Europe. Now it is by no means an inconspicuous plant, and it

seem^ altogether unlikely to have been overlooked by such care-

ful observers as .Swartz and otliers who have studied the Hepaticce
of the West Indies. Hence I draw the following inferences, to

which maybe attached a greater or a less amount of probability.

1. That the biological centre for II. hookeri is Northern Europe.
2. That it has thence crossed the Atlantic in a rather narrow
zone. 3. Tliat it did not reach the Continent of America.
This, of course, is subject to correction. It may have been
found there. From the great extent of territory and variety of
climate on the mainland, I think if it had ever reached America
it would still be found there. 4. That it may have reached the
West Indies and have died out from Cuba, Jamaica, and other
islands, through the prevalence of dry seasons, before the lower
Cryptogamic plants were studied by competent botanists. 5.

That it has remained in Dominica because of the altogether

peculiar moisture of the climate in that island. 6. That it has
not hitherto been found in Dominica because, from some reason
unknown to myself, botanists .seem to have neglected this true

pearl of the Antilles, matchless in the beauty of its natural
scenery, and in the wealth of its Cryptogamic flora.

//. hookeri is noticed as peculiar in not recovering its fresh-

ness when moistened after having been dried. This I found to

be the case. On being carefully moistened about eight months
after it was collected and dried, it remained flaccid, whilst the

rest of the mosses and Ilepatic^e from Dominica, when similarly

treated, looked as fresh as when they were gathsred. But //
hookeri exhibited another peculiarity even more remarkable, for

it alone of all the Muscuien; that I brought home, grew and
produced fruit alter so long a period of desiccation. The fruit-

ing parts of a specimen which I sent to ihe herbarium at Kew
were entirely developed in a moist case on the table at which I

am now writing. It seems as if the plant, incapable of the
imbibition or intussusception of moisture sufficient to restore the
freshness of its foliage, nevertheless retained, in a very unusual
degree, its capacity for such development as might secure the
continuance of its species. Such a speciality no doubt favours

the suggestion that // hookeri may have crossed from the East,
but I confess myself inclined to be suspicious when coincidences
run too much on "all fours." I found many mosses in Madeira
and' several lichens in Jamaica, which I have been quite unable
to distinguish from British species. These may be common
cases of widely distributed forms. H. hookeri does not appear
to be of this class. HENRY H. Higgins

Rainhill, May 2
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Patenas in Ceylon

I REGRET that through an .iccidcnt I was able only yesterday

to read Mr. Heelis's reply to my letter on the subject of jiatenas

in Ceylon. I have not a copy of my own letter by me and

therefore cannot speak with certainty, but I believe that I only

suggested that the cropping out of the thick band of quartzite

amongst the gneiss was sufficient to explain the existence of

many of the larger patenas in the Kandyan Trovince. Tlie im-

mense majority of the smaller and more isolated patenas I am
fully aware cannnot be explained on my supposition, nor can they

at present be explained on any reasonable supposition. I do not

think, however, that even the most superficial observer can have

any doubt as to the large patena mentioned in my letter between

Pussellawa and Rambodde, covering several thousands of acres,

being entirely due to the quartzite band that lies above it. In

regard to the Dimbula patenas it is no doubt true that gneiss is

almost always found underlying the soil, but this does not prove

that the patena soil is derived from the gneiss. The depth of

the rock below the surface is against this view, especially when

taken in connection with the fact that I was never able to trace

in the case of patenas as I did in scores of cases of jungle land,

in railway and road cuttings throughout the Kandyan Province,

the gradual changes from the hard rock upwards to the surface,

which show that the soil has been produced by the disintegration

of the gneiss in situ. The denuding forces at work among these

mountains are so excessive (according to an estimate made by

myself at Pussellawa the denudation was no less than ten inches

in thirty years on land cleared for coffee) that strata probably

of many tliousands of feet in thickness have been carried away

to the low country and the sea. It is not, it seems to me, at all

an improbable supposition that in Dimbula and Ouvah a band

of quartzite has during this denudation been disintegrated, and

that its remnants are found now in isolated places restnig on the

gneiss. The limestone mentioned by Mr. Heelis as occurring

in the Ouvah patena district proves, I think, a point in my
favour, for the same kind of limestone is more plentiful in the

neighbourhood of the quartzite band between Pussellawa and

Rambodde than in any other district with which I am acquainted,

there being no less than five entirely isolated spots near these

villages where it occurs. This limestone is highly crystalline and

of the same age as the gneiss, for I have found it at the upper

fall at Rambodde passing almost imperceptibly both above and

below into the gneiss. It is here about 450 feet above the upper

surface of the quartzite band, where it crops out in the lower fall.

Its stratified character may be readily seen at Pussellawa by the

bands of mica-fragments that run through it in almost hori-

zontal directions. I have never heard of this limestone cover-

ing any extensive area except at Matale, where there must

be some hundreds of acres of it. In other localities that

I have visited it covers only an acre or more frequently

only a fraction of an acre. The soil produced by its disin-

tegration is, 1 believe, the richest in the island, as is shown
by the fact that the limestone after being burnt is frequently used

as a manure for coffee trees, and that the jungle growing below

such rocks is generally of the richest description. I can scarcely

therefore think that any considerable area of patena soil in Ouvah
is formed by the disintegration of limestone, although it is quite

consistent with what occurs at Rambodde that limestone should

be extensively found in the neighbourhood of a large patena.

As to the quality of the soil on the Ouvah patenas the test

generally applied by planters is that of the power of the coffee

tree to produce fruit. This is manifestly not a perfect test.

Climate counts for a great deal, and the climate of Ouvah is

recognised as the most favourable in Ceylon for the production

of coffee, whilst that of Dimbula is acknowdedged to be too

humid for the peifect fruiting of the plant. I remember a per-

tinent remark made to me by a successful planter in regard to

the relative values of soil and climate in the growing uf coffee.

"Give me the climate and I can make the soil." It is an

exaggeration, but there is suflicient truth in it to illustrate well

the point I am urging.

Finally in regard to abandoned clearings falling back not into

"chena"and jungle but into patena land, I must confess I

never met with an instance of it, and with Mr. Ileelis' permission

I would suggest that the Dimbula cricket ground is scarcely a

case in point. It is probably the interest of the owner to keep

it in grass and to prevent seeds accidentally carried to it from

taking root. But [supposing it were surrounded by forest and

left to itself for twenty years, would it at the end of that period

be still in grass, or would it have returned to "chena"? If it

were ge nuine patena land, it would remain so, for plants acci-

dentally imported into it would find no nourishment, but if it

were impoverished jungle soil, I am inclined to the opinion that

there would still be sufficient unextracted nourishment to enable

at least the hardier species to grow in a stunted form until humus
was deposited, when forest would succeed. Whilst differing

from Mr. Heelis on the several points of his letter I cannot omit

to thank him for the courtesy with which he has expressed his

opinions. R. AuisAY

Ouseburn, May 10

The Greenland Seal Fishery

Another year has passed and no steps have been taken to

put some restriction upon thecruel.and wasteful manner in which

the seal fishery is prosecuted. V/arning after warning has been

given, and still nothing has been done. In 186S Dr. Brown
wrote (Pivc. Zool. Soc, p. 440) :

" Supposing the sealing prose-

cuted with the same vigour as at present, I have little hesita-

tion in stating my opinion that, before thirty years shall have

passed away the seal-fishery, as a source of commercial revenue,

will have come to a close." This season the Dundee vessels

have been turning their attention to the Newfoundland seals, for,

says a paragraph in the Daily Nl-l<s, " Capt. Adams has for some
years been of opinion that that ground [the; Greenland seal-

fishery] is practically used up, and hence his visit to Newfound-
land." The small success of the Greenland sealers this season

fully corroborates Capt. Adams's opinion, aud forms a practical

comment upon Dr. Brown's prediction !

From the same source {Daily News) I learn that " advices of

a very gratifying character have been received from Newfound-
land. The Paiillur has taken 20,000 seals, the Neptune 30,000,

the Arctic 24,000, the Autora 15,000, and high expectations

have been formed regarding the success of the whole fleet. These

four vessels have secured 89,000 seals ; Capt. Gray says 20 per

cent, may be added to the number of seals actually taken for

those mortally wounded and lost, aud that as these are breeding

seals each old one will leave a young one to die of starvation.

(See letter in Land and Water, May 9, 1S74.) The result will be

that these four vessels destroyed 213,000 seals ! Similarly

"gratifying" advices have been received from the other vessels

of the fleet.

If the Royal Society for Prevention of Cruelty to Animals

and the anti-vivisection advocates really wish to do "service

in the cause of humanity, let them reprint Capt. Gray's

letter and distribute it broadcast, nor let tViem cease their

efforts till a projier close time is obtained for these persecuted

animals. Apart from all questions of humanity, common
prudence would dictate that so rich a source of revenue, which,

if properly cared for, may last an indefinite period, should

be secured from the rapacity of those who will otherwise soon

bring about its extinction. Now is the time for considering the

steps which should be taken to bring the matter before the

Governments concerned ; if left till later in the year hasty legis-

lation will probably, as in the last attempt, end in failure.

Norwich Thomas Sovnivif ell

A New Lecture Experiment for Proving the Compound
Nature of White Light

The old method of showing the compound natui'e of light by
the composition of artificial colours on the lecture-table, is to

arrange the various colours in the proper proportioi on a disc

and to revolve this disc rapidly ; but a pure while ciitiot be pro-

duced by this method since there is necessarily a pa'tial absorp-

tion of rays on every part of the disc.

My method is to arrange seven lanterns, in tht first place,

so as to project their several circles of light side by side on a

white screen, then to colour each circle by introdu:ing slides of

glass stained to imitate the seven colours of the spectrum (the

proper intensity of colour being found by trial) we thus get

seven circles on the screen coloured from red :o violet and
arranged side by side. Then by turning the sevenl lanterns so

that the projected circles shall exactly overlap eacholher we get

one circle of white light, proving that the seven coburs together

make white light.

The same effect can be produced with five colours oily if pro-

perly selected ; and even two, the ordinary cobalt blu( and deep
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orange, will nearly do. If these two last be made to partially

overlap the effect is very striking, \Vm. Tekrii.l

Swansea, May 6

The Araucaria

In your fust number for March last you express your surprise

that we sliould still be ignorant regarding some important phases

of salmon life ; but there is a question relating to facts much
more within the sphere of our daily observation on which
authorities differ as much. Does the common Araucaria (,/. iin-

byicata] require one year or two for the growth of a shoot on the

main stem, estimating a shoot as the growth between two whorls

of branches? Every gardener whom I have consulted on the

subject in Scotland, from north to south, says positively that it

requires two years, while the few of whom 1 have had any
opportunity of inquiring in the south of England, decide equally

positively in favour of one year. Prof. Balfour agrees with the

former in as far as Scotland is concerned, while a gentleman
residing on the border between the two countries, informs me
that some of his have grown at the rate of a shoot in two years,

others of a shoot annually, while a few show only a shoot for

every year and a half since they were planted. It has been sug-

gested to me that the difference, if it leally exist, may be due to

the more favourable climate of England ; but araucarias may be

seen growing as freely and as healthily in Ross-shire as in Kew
Gardens. It would be satisfactory to have more general infor-

mation on the subject from England and from the Continent of

Europe, and still better to have it from the native countries of the

tree.

There is another question equally important regarding it,

namely, when the shoots are biennial, as they undoubtedly arc

in many cases, is there a timber ring in the stem for every year's

growth, or one for every whorl of branches? On that point also

the evidence is contradictory.

jAMts Elliot

The Hibernation of Swallows

In connection with the Duke of Argyll's letter on this subject

(Nature, vol. xv. p. 527) there is an interesting communication
in the Oinithologiicliis Centralblatt of May I from Ilerr J.
Rohweder, under the head of "Ornithological Notes from
Schltswig-IIolstein." Herr Rohweder certifies to the compe-
tency and trustworthiness of the observer who communicated the

facts to him. After the house-swallows [HiruuJo iifbica) in the

autumn of 1870, from the beginning to the middle of September,
had held their usual assembbes by hundreds on the sunny side uf

the roofs, stormy and rainy cold weather suddenly supervened.

As suddenly did most of the swallows take their departure for

the south. The few that remained behind flew about restlessly

and anxiously, unable in the cold north wind to obtain sufficient

insects to appease their hunger. Within a day after the others

these also disappeared. Three days after, during which time

no swallow was observed, Herr Rohweder's informant saw
peeping out of the entrance of some nests under the projecting

roof of the east side of his house, here a wing, there a tail

or a few feathers. A ladder was obtained and the nests tapped,

but no motion. On pulling at one of the overhanging wings a
swallow was dragged out. It was alive, but seemed paralysed.

After the swallow was held in the hand awhile it fluttered about

a short space and then fell to the earth. A second bird behaved
in the same way, and a third showed few signs of life. A fourth

appeared quite lifeless. In other nests six, and ten, and even
fourteen swallows were found huddled together. Their condition

was similar to those first found. The birds near the entrance of

the nest appeared in a state of sound sleep, while those furthe

in showed no signs of life. The former soon were able to fly,

with difficulty, a larger or shorter round, only one Hying to a

considerable distance ; the latter were thrown on a neighbouring
heap of straw. On the following day, when the observer re-

turned, no birds were found. The exact locality of these observa-

tions is not given. X.

Two Remarkable Meteors

Whilsi walking on Sunday night with a friend, about 1035
my attention was directed to a beautiful meteor of a ruddy hue,

not unlike Mars, It appeared a little to the south of Arcturus,

and after passing along with a slow motion in an easterly direc-

tion, throwing out sparks meanwhile, disappeared near ^ Herculis.

In size it seemed to be about four times as large as Jupiter, and
continued visible for three oj four seconds. About half a minute
afterwards it was followed by another from the same quarter,

which took almost exactly the same direction as the other. In

colour and appcinance it resembled the first, but was not quite

so large. It remained visible about three seconds. The
sky at the time was beautifully clear, and there was little or

no wind.

Rottingdean, Brighton, May 14 W. II. S, J. HOPE

Yellow Crocuses

(Translation)

I have observed here that sparrows have shown a very

considerable partiality for yellow crocuses during this spring.

My neighbour and I vied with each other in our spring beds ; he
cccelled in yellow crocuses and hyacinths, I in white and blue

crocuses. One beautiful Sunday the whole of his crocuses were
found bitten and torn by sparrows, and, what is noteworthy, also

some yellow crocuses which had somehow wandered into my
lot, while the blue and white remained almost untouched. .Should

this be regarded as an oversight, or was it a matter of taste ?

So far the fact is incontestable, but it has not before been
observed by me, though I am an old amateur. To be sure, for

the last six years, I have always been, about the time of

blooming, absent at the Reichstag, and perhaps, therefore, have
forgotten early single observations. It may not be possible to

obtain a positive explanation. The dryness of the spring, per-

haps the colour-sense of the bird, or even a more or less delicate

mixture of the plant-sap may account for it— quien sabe !

Hamburg, May 12 W. VON Freeijen
Editor of the flansa

Sound and Light

I should like to learn if the following phenomenon is well

known and alluded to in scientific writings. While lying awake a

few mornings ago, with my eyelids closed, I was startled by a

railway whistle. At the same instant I perceived a blaze of

light on a dark ground seemingly a few yards off. I made in-

quiry of my wife (who is of a much more nervous temperament

than I) if she had ever observed such a coincidence, and was
informed that in her case it is not a very unfrequent occurrence.

I likewise reported the circumstance to some scientific friends,

but they had neither read nor heard of noise being the occasion-

ing cause of sensation of colour.

While the pen is in my hand I may mention, in reference to

Mr. Renshaw's comnmnication (p. 530), that sparrows are in the

habit of demolishing the flowers of my yellow crocuses.

Bushy Hill, Cambuslang Henry Muirhead

Cloud Colours

A VEIN of thought is sometimes as a vem of the most fine

gold, and observation is everything in meteorology as it is in

geology, in which two difficult sciences we are much interested

in this country, and of which your contributor is the unpretend-

ing student.

Now I first learned my lessons in weather science from the re-

marks of Admiral Fitzroy, the author of the Weather Book, which

should be well known and read in this country. For year's we have

marked what an intimate correlation there is between the colour

of the clouds and coming weather. Thus we have the cold dark

blue and grey, and the reddish yellow masses of cloud as indica-

tive of cold and snow, and we have the light bright grey with

bright edges as accompanying or indicating hard frost. Then
again we have the inky-coloured cloud, flying in shreds, as in-

dicative of wind and rain, and also the mottled cloud of the

same colour or thereabouts, as the sure indicative of rain.

We have the sickly-looking green, the deep blue gloom, the

muddy angry-looking red, and other such tints, as forecasts of

storm, snow, rain, &c. ; and frequently before a north-easter we
have the grey bluish and whitish clouds setting from noith-east,

somewhat like the spread-out fingers of the hand. Our sunsets

are often grand beyond my pen. The lavish wealth of crimson

and gold is magnificent. It strikes us now to ask what relation

chemistry and gases have with the cloud colours. I leave that
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to older minds than mine, beyond llie banks of Newfound-
land.

But we see, from all that has been said, the vast importance

of noting the colours of the clouds. We depend mucli in this

country on the colour of the clouds for weather prediction. Ice,

however, at this time of year, by refrigerating the atmosphere,

often interferes with calculation. 11. C.

Hailer Grace, Newfoundland

THE PROGRESS OF EVOLUTION

'

THE new journal mentioned below is edited jointly

by Dr. Otto Caspari, of Heidelberg, Prof. Dr.

Gustav Jiiger, of Stuttgart, and Dr. Ernst Krausc (Cams
Sterne), of Berlin ; and on the list of its contributors are

the names of Charles Darwin, Ernst Haeckel, Friedrich

von Hellwald, and many others whose scientific creed is

Darwinism.
The editors in their introductory statement say that a

new day has dawned for natural science, since our great

countryman applied the natural laws which govern the

whole universe to the phenomena of th.e development of

life, and showed the fallacy of assigning that central

position in nature to man himself which had been attri-

buted to him for ages, as Copernicus did in the case

of our planet three centuries ago. Man, who seemed to

stand above nature hitherto has, without being drawn down
from his eminent position, been incorporated with nature
as one of her integral parts. The new monistic philosophy
caused a wonderful reaction, and an animated reciprocal

intercourse arose between the subjective and objective

sciences. All the sciences which treat of man, from
anthropology, ethnology, and the psychology of peoples,

to the history of culture and states, national economy,
the philosophy of law, history, and religion, and the

sciences of morals and dietetics, proved to be natural

sciences quite as much as mineralogy, biology, the prac-

tical education of man, and the cultivation of plants and
animals.

The result of this general intercourse of the dif-

ferent sciences, has been a continued and encouraging
confirmation of the monistic principle contained in the

theories of descent and development ; the 'literature, how-
ever, which was generated by the reaction, is dispersed
and can be collected only from the various scientific

journals. Thus, a general desire for collection and con-
centration has sprung up amongst all those who look upon
the theory of development as a considerable progress of
the human mind.
The new Kosiiios will bring together what has hitherto

been unconnected ; will point out the gaps still exist-

ing, and thus lead to their being speedily filled ; will

reduce contrasts and contradictions to their true nature,

and will oppose pernicious dogmatism. Kosi/ios will,

with regard to the special domains of natural science,

bear a certain critical and polemical stamp, its editors

being aware that even science is best developed and
strengthened in the fight for its existence, and that in the
end the " fittest " theory will survive. All articles in the
new serial are written in popular language, and are in-

. ended for a large circle of readers.

The first number contains a series of very interesting

articles, of which we may mention—Philosophy and its

Union with Natural Science, by Otto Caspari ; On Inherit-

ance, by Dr. Gustav Jager ; On Modern Anthropology,
by the same ; On the Chronicles of the History of Deve-
lopment, by Ernst Haeckel ; The History of Creation
and Chorology two Centuries ago, by Cams Sterne ; On
the Significance and Objects of Ethnography, by Fried-
rich von Hellwald ; and an excellent review of Darwin's
work on Cross and Self-Fertilisation, by Dr. Hermann
M tiller.

^ Kosmos ; Zeitschri/ifiir cinlteitliclu: WcUiinschauiin^ an/ Gritnd ilcr

Eniwickclnngslehre. (i Heft, April, 1B77.)

ENGINEERING EDUCATION IN JAPAN
'X'HE technical education of engineers is a subject
-* which has engaged public attention for a long time

past and is one of great national importance. It is some-
what singular that this country, foremost as it has always
been in matters of engineering enterprise, should be so
behindhand in the systematic education of its engineers,
there being no establishment in England devoted to that

object which is recognised by the profession. Under the
system that has been in vogue up to a comparatively
recent period a youth intended for an engineer is taken
from school at the age of sixteen being thereby deprived
of the most valuable years of his education, and placed in

some engineering manufactory, where he remains, perhaps,
till he is twenty. In those four years his so called " train-

ing '' consists in going through the manual routine of the
various workshops and " picking up " what knowledge he
can by keeping his eyes open and living on good terms
with the workmen. His last year is usually spent in the
drawing-office, where, by a similar process of " picking
up,' he learns how to draw if not to design machinery or
works of construction. At the end of that time his edu-
cation is supposed to be complete, and he either remains
as a draughtsman until something better is offered him,
or he enters the office of another engineer for the purpose
of improvement. All this time the far more important
theoretical training is neglected altogether, no classes or
e.Kaminations are held, no lectures or other instructions

are given, and though some few energetic young men
in some way make up this loss by private study they
are a great exception, and the hours of manual work
are usually so heavy (from 6 a.m. till 5 p.m.) as to

render working in the evening both fatiguing and un-
profitable.

The Continental system goes to the other extreme,
teaching the theory and discarding the practice. This
system is as bad as the other, for experience has shown
that in engineering works a practical man without scien-
tific training seldom makes such serious blunders as a
scientific man without practical experience. It can only
be by a judicious combination of the two systems,
allowing science and practical experience to work hand
in hand together in the education of an engineer that
the best results can be looked for, and in these days
of close competition, not only between man and man,
but between country and country, it is of the utmost
importance to a nation that its engineers should be in-

structed upon the best and soundest principles. The
Indian Government recognised this when it established
the Royal Indian Engineering College at Cooper's Hill

for the systematic training of engineers for the Public
Works Department of India ; and it is remarkable that
the profession of engineering should stand alone in Eng-
land as having no recognised .lima Mater of its own.
Many years ago an engineering college was established
at Putney upon a good system, but it was badly
managed, and after becoming a nuisance to the neigh-
bourhood, was ultimately shut up ; at the present
time, with the exception of the technical classes at

the Crystal Palace and at King's College, which, in

a small way, are doing good work, there is no insti-

tution in this country devoted to the education of
engineers.

While England is so far behindhand in this important
question, a great work has been done by the Japanese
Government in the establishment of an Imperial College
of Engineering at Tokei, an institution which gives
to its students a highly scientific training, combined
with actual practical e.xperience in engineering work-
shops which give employment at the present time to

over three hundred workmen, but which are being largely

increased and are turning out all classes of engineering
work.
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The system adopted is as follows :—The course of

training extends over six years. The first two years are

spent entirely at college ; during the next two years, six

months of each year are spent at college and six months
in the practice of that particular branch which the stu-

dent may select ; the last two years are spent entirely

in practical work. The system of instruction in the col-

lege is partly professorial and partly tutorial, consisting

in the delivery of lectures and in assistance being given

to the students in their work.

Candidates for admission must be Japanese subjects

under the age of twenty, and must pass a preliminary

examination, the best fifty being chosen as cadets, ot

which there are two classes. A student may elect to enter

either as a Government cadet—in which case all his ex-

penses are defrayed by Government, under whom he

binds himself to serve for seven years at the expiration

of his six years' training—or he may enter as a private

cadet, paying his own expenses, in which case the obli-

gation to serve subsequently under Government is dis-

pensed with. In all other respects he is on the same
footing as the Government cadet.

The whole system of training may be divided into

three courses :— (i) General and Scientific, (2) Technical,

and (3) Practical. The general and scientific course,

which is taught during the first two years, includes

(1) English language and composition, (2) geography, (3)

elementary mathematics, (4) elementary mechanics, (5)

elementary physics, (6) chemistry, and (7) mechanical

drawing.
The Technical course consists ot the following branches

of engineering :—(i) Civil engineering, (2) mechanical

engineering, (3) telegraphy, (4) architecture, (5) chemistry

and metallurgy, and (6) mining. This course is taught

during the third and fourth years of the curriculum. The
practical course, in which the students are engaged during

the last two years in the practice of the special branch

each may have selected, consists of working in the labo-

ratories of the college, and in the engineering works con-

nected with it established at Akabane, where they serve a

regular engineering apprenticeship. While this course is

going on lectures on special subjects are given, and the

students are required to prepare reports upon the work
in which they have been engaged.

In the Technical course are included the higher

mathematics and natural philosophy, engineering, civil

and mechanical, geology, mineralogy, surveying, naval

architecture, strength of materials, practice in the

chemical, physical, metallurgical, and engineering

laboratories, and in the drawing office and workshops.

The main building, which is a very handsome struc-

ture, consists of a central portion containing the large

examination hall and library, drawing offices and class

rooms, and on each side of this extends a wing contain-

ing other class rooms and lecture halls. This is the

College proper, and surrounding it are separate buildings

set apart for the dormitories. Professors' houses, mu-
seum and laboratories of which there are four devoted

respectively to chemistry, physics, metallurgy, and engi-

neering. The buildings have been very admirably

arranged by the Principal of the College, Mr. Henry
Dyer, C.E., and the architectural details have been carried

out with great skill by Mr. C. A. de Boinville.

The staff of the College consists of a Principal and
nine English Professors, assisted by Japanese teachers,

and the Institution is under the jurisdiction of the

Minister of Public Works.
A calendar of the College is published annually, which

contains information relative to the admission of students,

courses of study, and examination papers, as well as

catalogues of the splendid collection of instruments in

the laboratories, and of the books in the Hbrary, which
seems to be exceptionally rich in almost every branch of

general and scientific literature. C. W. C.

SUSPECTED RELATIONS BETWEEN THE
SUN AND EARTH''

III.

IN the first of these articles I tried to show that the
magnetism of the earth is affected by the state of the

sun's surface. I shall now try to show that the meteoro-
logy of the earth is likewise affected by the same cause.

Mr. Baxendell, of Manchester, was, I think, the first

to point out that the meteorological convection currents

of the earth appear to vary according to the state of the

sun's surface. More recently Mr. Meldrum, of the

Mauritius Observatory, has brought this connection very

forcibly before us by showing, from the results of his ob-

servations, that there are more cyclones in the Indian

Ocean during years of maximum than during years of

minimum sun-spots. This will be seen from the follow-

ing table :

—

Table II.

Comparison of the Yearly Number of Cyclones occurring in the

Indian Ocean with the Yearly Ntimbir 0/ Spots on the Sun.
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Here we have evidence from various quarters of a con-

nection of some sort between the state of the sim's sur-

face and the meteorology of the earth, and it becomes a

question of great interest what is the nature of this

connection.
In the first of these articles a diagram was exhibited

showing the close relation that exists between the stale of

the sun's surface and the range of oscillation of the magnet
freely suspended at the Kew Observatory. If instead of

taking the daily magnetic ranges we take the daily tem-
perature ranges, that is to say, the differences between
the maximum and minimum thermometers, we find an
apparent reference to the state of the sun in these also,

inasmuch as these ranges appear to be greater at times

Dl/CRAM K —Tlie Upper Cu . Temperature Ranee, the Lower Curve Declination Range.

of maximum than at times of minimum sun-spot frequency.
Nevertheless the correspondence is not nearly so well

marked as in the case of the ma;:;netic declination, and
there is no doubt much local irregularity. But here the
following question of much interest and importance crops
up. Do these fluctuations of the daily temperature range
at the Kew Observatory coincide in point of time with
the corresponding solar fluctuations .' or do the former lag

behind the latter, as is the case with the magnet ? The
practical bearing of this question is easily seen, for if tem-
perature oscillations and other meteorological fluctuations

are simultaneous with the corresponding solar changes,
we can hardly expect that a study of the sun's surface

will ever enable us to forecast meteorological occur-

rences: but if on the other hand the solar changes

precede the meteorological ones, we may hope, when the
nature of the connection between them is fully understood,
to make use of solar observations in order to predict the
greater meteorological occurrences. Now it appears to the

writer that there are certain well-marked fluctuations of
temperature range at the Kew Observatory which coincide
very closely with corresponding magnetic fluctuations, and
which therefore lag behind the solar fluctuations nearly six

months (see Article I.) ; but this

interesting and important question

can only be determined by further

investigations.

I may here remark that meteoro-

logists are beginning to suspect a

somewhat intimate connection be-

tween the magnetism and the meteo-
rology of the earth. Mr. Baxendell
was, I think, the first to point out

that there is a diurnal inequality in

the direction and velocity of the wind
apparently connected with the daily

changes of magnetic declination. On
this subject the writer has recently

received a letter from Mr. J. A.
Broun, the well- known meteorologist

and magnetician, who says, "My
present opinion is that meteorological
phenomena are due to solar actions ;

that the heating action is not the only one ; but that

the action which produces variations in the earth's mag-
netic force affects the conditions of the atmospheric gases,

introducing forces which we cannot in the present state

of our knowledge appreciate, though the facts appear to

me to prove their existence."

It will be seen, by Diagram K, that there is a very
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marked likeness between the annual variation of the

temperature range and the annual variation of the de-

clination range at the Kew Observatory.

There yet remains a question which is nearly allied to

the present inquiry. If the sun affects the earth in a

variety of ways, and if the planets affect the sun, why
should not the moon affect the earth ? Now it is known
to affect terrestrial magnetism, producing a well-marked

variation of a tidal nature, that is to say with two maxi-

ma and minima in each lunar day, and there are al?o

indications of a variation with only

one maximum and minimum.
Again, Mr. Park Harrison was the

first to point out that terrestrial

temperature is influenced by the

relative position of the sun and
moon.
The writer of this article has

found in the daily temperature range

at the Kew Observatory an unmis-

takable reference to the phase of the

moon.
In summer when the full moon is

low in the heavens, we have a less

decided reference, which seems to

imply a maximum of daily tempera-

ture range about new moon and also

about full moon. But in winter,

when the full moon is high, we have

a very decided reference showing a

maximum of daily temperature ran^e about new moon,
and a minimum about full moon.

Again, in the magnetic ranges at Kew the same
features occur, namely, in summer a maximum range at

new and at full moon, and in winter a maximum at new
and a minimum at full moon.
The winter lunar variations of the temperature and

declination ranges at Kew are exhibited in the Diagrams
L and M, from which it will be seen that there is a very

decided likeness between the two.

These last diagrams are especially interesting because

they exhibit an influence which appears to be similar I'/t

form to that which the planets may be supposed to pro-

duce upon the surface of the sun. This, however, is a
question which can only be decided by further inves-

tigation.

If we now bring together the results of these three
papers we may compare the three problems, solar research,
terrestrial magnetism, and meteorology, to three corners
of a triangle that are bound together. Of their three rela-

tions we are, it may be said, perfectly certain of the con-
nection between solar research and terrestrial magnetism.
The connection between solar research and meteorology

PH^HH

is perhaps not so well defined, but our evidence is here
supplemented by independent traces of a connection
between magnetism and meteorology. Thus the three

things hang together, and scientific prudence points to

the desirability of their being studied together as a whole,
a consideration which will not, I trust, be overlooked in

the contemplated reorganisation of British meteorology.
I would desire now to conclude by asking, in all

honesty. Have we not here a plea for the establishment
of some institution that will keep a daily watch upon
that luminary which is thus seen to affect us in such a
variety of ways ?

Balfour Stewart

THE SOUTH AFRICAN MUSEUM
OUR notice of the condition of the South African

Museum, and the various sums allotted to research

by the Government of the Colony, has called forth some
criticism.s on the part of the Cape-town Siaiuiard and
Mail of April 7. " What NATURE and other scientific

organs in Europe mean by ' research,' " it states, " is not

what the responsible advisers of the Cape mean by their

favouring grants. It would not be saying too much, nor

putting it too strongly, to assert that there is no scientific

research carried on in connection with any botanical

gardens in South Africa. In regard to our museums
there is some genuine work being done ; at all events in

the South African and Albany museums original obser-

vations are being recorded. As to our libraries which
absorb 2,000/. per annum of the public money, the less

said, perhaps, the better. The South African Library, as

far as standard works in such branches of science as

anatomy, chemistry, mineralogy, natural philosophy, &c.,

are concerned, is simply deficient, and unaccountably so,

considering the demands of these departments and the

standing of some of the directors. The only sums voted

for purely original scientific work are those for ' Geological

Researches,' for the publication of Dr. Bleek's Bushman
Researches, and for the Meteorological Commission.
With the exception of the first of these, which amounts
to 1,500/., research in the sense Nature must mean, is

fostered by only some four or five hundred pounds."

The writer then goes on to describe the consequences

of Dr. Bleek's death ; the linguistic and ethnological

researches he was carrying on have been stopped, and
instead of appointing a qualified scholar to fill his place,

the Government allowed his office and salary ." to be
absorbed into the general and ignoble management of

the South African Library, which is only a representative

of Mudie, being conducted in the charitable idea of pro-

viding, at three pounds sterling per annum, the current

literature of the day to subscriljers who for the same
reading would have to pay in a circulating library about
four times the amount. ... ' Novels are the solace of

my life,' was the plea (of Mr. Goodlifte) from the chair in

favour of continuing a national institution subsidiEed by
the Government of the Colony, and therefore supported
from the revenue of the country, as a receptacle for the

custodianship of the popular writings of the period. The
scientific work of South Africa has been done by ama-
teurs holding no professed natural history appointments."

The Gill College Herbarium now receives a subsidy of

100/. a year, but " Prof Macowan worked at the botany
of the Colony for thirteen years before he received any
grant to enable him to prosecute the study, or to cover

the expenses of preserving a large herbarium." The
Colonial Herbarium in Capetown " has a collection of

types of the very highest value to Cape botany—those

arranged and classified by Dr. Harvey. It has the col-

lections of Dr. Pappe, the late Colonial botanist, con-

sisting of thousands of species, which were bought by
a former Government for some 200/. Other collections

more or less valuable are also in the Herbarium." But
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" the greater part of these interesting and valuable plants

has been destroyed by rain leaking through the roof of

the library buildings into the room where they are kept,

and by the ravages of moths, &c. In a short time the

herbarium will be simply nothing but a mass of unin-

teresting fragments. We understand that some time

back the Parhament voted a small sum to be expended in

putting the herbarium into order. How far anything
could possibly have been done by those in charge may be
learned from the fact that Dr. Rehman, the Austrian

botanist, found whole fasiculi destroyed."

SPONGY IRON FILTERS
TN a paper presented by Prof. Franklaod, F.R.S., and read
-' before the Royal Society, Mr. Gustav Bischof describes

numerous experiments made with spongy iron filters and with

charcoal filters. lie states that chemical analysis is incapable of

discriminating between living or dead, fresh or putrescent or-

ganic matters. The microscope reveals their nature more fully
;

but it is nevertheless frequ ntly a matter of great difftcully to

decide as to the existence or non-existence of Bacteria of putre-

faction, or their germs, in water.

We must refer our readers to the paper for a full account of

the experiments and the conditions under which they were per-

formed. Mr. Bischof states that they show that BacUria present

in drinking water are not killed in passing through charcoal and
are killed in passing through spongy iron.

He adds : "I believe that the action of spongy iron on
organic matters largely consists in a reduction of ferric hydrate

by organic impurities in water. We know that even such

organic matters as straw or branches are capable of reducing

ferric to ferrous hydrate. We know that even such indestructible

organic matter as linen and cotton fibres are gradually destroyed

by rust stains. This action is slow when experimenting upon
ordinary ferric hydrate, but it may, in staht nasccnii, be very

energetic, the more so if we consider the nature of the organic

matter in water. Ferric hydrate is always formed in the upper
part of a layer of spongy iron, when water is passed through

that material. The ferrous hydrate resulting from the reduction

by organic matter may be re-oxidised by oxygen dissolved in the

water, and thus the two reactions repeat themselves. This
would explain why the action of spongy iron continues so long.

" It is, however, quite certain that there is also a reducing

action taking place when ordinary water is passed through spongy
iron. This is clearly indicated by the reduction of nitrates.

"Our knowledge of those low organisms, which are believed

to be the cause of certain epidemics, is as yet too limited to allow

of direct experiments upon them. It is not improbable that,

like the Bacteria ol putrefaction, they are rendered harmless

when water containing them passes through spongy iron ; but

until we possess the means of isolating these organisms, this

question can only be definitively settled by practical experience."

CENTROIDS AND THEIR APPLICATION TO
SOME MECHANICAL PROBLEMS "

'T'HE principal object of the following paper is to suggest the
-' use of a more general form than is commonly employed in

the statement of some of the more important theorems of ele-

mentary mechanics. Such a generalisation, if in itself satisfac-

tory, has two-fold advantages ; it both facilitates the direct

solution of problems otherwise apparently complex, and it

enables a common method to be employed in an infinite variety

of cases, each of which otherwise has to be treated in its own
special way. The metliods to be described are purely geometric,

and admit in all cases of graphic solutions. In the study of

mechanism and in all applications of mechanics to engineering

work this is a matter ol considerable importance, for graphic
methods have such enormous advantages in these cases that they

must supplant all others when they give equally good results.

By the centroid of any body A relatively to another B is meant
the locus of the instantaneous centres of A in its motion relatively

to B.^ The expression includes two things, which must be dis-

» Abstract of a paper read before Section A of the British Association at
Glasgow, by Prof. Alex. B. W. Kennedy, C E., of University College,
London.

2 The word r('^:/rt7:V/ was suggested to the author by his colleague, Prof.

W. K. CUfford.

tinguished from each other ;— (i. ) the locus as part of the moving
body A, (ii.) the locus as part of the body B relatively to

which ^'s motion is observed, and which may for convenience
be regarded as fixed. These loci may be entirely different as to

form, but in all their properties they are absolutely similar and
reciprocal. It would therefore be wrong to give them different

names, they can be distinguished, when necessary, as the centroid

ofa body, and the centroid 7^^ the motion of a hoily respectively.

The centroid of A is therefore the locus ispon A of its inst.

centres relatively to B ; the centroid for the motion of A is the

locus upon B of the same centres.

The following are the most important characteristics of these

curves. As the bodies to which they belong move the centroids

roll upon each other, and every point in each becomes in turn

the inst. centre. Their rolling, therefore, represents continu-

ously the whole motion of the bodies {considered as changes of

position merely), quite irrespective of their form ; in other words
it defines the path of motion of all points in the bodies. The
two centroids have always one point in common—their point of

contact—this point being the instantaneous centre. This point

may be included in both bodies, and has no motion relatively to

either. Any motion which it has must therefore be common to

both, so that it may be entirely neglected in investigating their

relative motions. In problems affecting the motion of either

body relatively to a third this is often of much use.

For the sake of definiteness it has been presupposed in the

foregoing paragraphs that the motions referred to were conplane,

or, more generally, took place about some fixed point. When
the motion is conplane this point is at infinity, and the centroids

are plane curves, sections of the cylindric ruled sur aces formed

by the successive positions of the instantaneous axes. When the

distance of the point is finite, the centroids are, of course, spheric

curves, the instantaneous axes forming c mes of which the point

mentioned is the vertex. These theorems were given by Poinsot

in his " Theorie Nouvelle de la Rotation des Corps." It may be
interesting just to mention also the case of general motion : in

space, where (as Belanger seems first tohave pointed out), the solids

of instantaneous axes, or cuxoids, as Reuleaux calls them—are

general ruled surfaces twisting on each other. Kach generator

of the surface is a "screw," and on each in turn a twist occurs.

The surfaces are in general non-developable.

For the sake] of brevity, only conplane motions will be con-

sidered in this paper. This class of motions includes nine-tenths

of those occurring in mechanism. Two or three special cases

of frequent occurrence may first be mentioned. If the rela-

tive motion of two bodies be a simple rotation, the centroids

are a pair of coincident points, one of which must still be con-

sidered to roll on the other. The instantaneous centre here

becomes a permanent centre. It is convenient, however, to

treat the point not only as a permanent centre, but as a special

(limiting) case of the centroid. If all points in a body move in

parallel straight lines, the centroid for the motion of the body is

a point at infinity, and the centroid of the body is also a point

at infinity coincident with the former. If the path of the body
were infinitely long, the two points would roll round each other.

If, on the other hand, a body move parallel to itself, every point

in the centroid for its motion (and therefore all points in its own
centroid) must be at infinity. The two centroids must again be

coincident, so that the motion is represented by the line at infinity

rolling on itself.^

Proceeding now to notice the bearing of the theory of cen-

troids upon some of the theorems of elementary mechanics, these

may be taken in order of simplicity, commencing with those

which involve only the notion of change of position. If, then,

the line joining any moving point with the point of contact of its

centroids be called its instantaneous radius, we can state the

general theorem thus : The direction of motion of et'ery point in a

body is normal to its instantaneous iadius. \\'hile this obviously

includes the simpler special cases already examined, its form

allows of direct application to the most general cases, and
especially to all cases in mechanism. Two corollaries out

of many which are deducible from it may be mentioned as

of some special interest : (i. ) The inst. radii of a point moving
in a straight line are parallel ; and (ii. ) the inst. radii of a point

moving in a circle must pass through one point. In either case

the centroids may be quite general curves, as is easily seen.

These corollaries have important practical applications in me-

I Some physical conception of this case can easily be obtained by rolling

one hyperbola upon another. The change in the appearance of the rolling

as the point of contact recedes along either branch is very striking.



^ray 17, 1 877] NA TURE 49

clianism, especially in " parallel motions," both real and ap-

proximate.
Tlie familiar theorem that the relative velocities ofpoints in any

body vary as their instantaneous radii needs merely to be men-
tioned. It is to be regretted that it is not more generally used,

for while it does not increase the difficulty of comprehendinj;

simple cases, it is of enormous advantage in simplifying such

(apparently) complex ones as not unfrequently occur in me-
chanism.

riie expression for static equilibrium is also tolerably fami-

liar :

—

the sum of the moments of all the forces actini^ upon a body

about its inst. centre must = o. For practical purposes, how-
ever, it is generally more convenient to state the proposition :

—

the resultant of all the forces acting -upon a body must pais

through the foint of contact of its centroiJs. The application

of this proposition to all the simpler cases is self evident, and at

the same time it reduces complex cases to their smallest possible

dimensions, rendering most very easy, and in many cases ijreatly

aiding the comprehension of the alterations in conditions of

equilibrium corresponding to consecutive alterations in the

positions of mechanisms as their links move. It may just be
noted that as the two forces of a couple have for their resultant

a force (infinitely small) acting along the line at infinity, the

jiroposition gives at once that where the inst. centre of a body
is at infinity it is in equilibrio under any number of couples of

any magnitude. In the case of a body moving parallel to itself,

therefore (see ante) all couples may be neglected so far as its

static equilibrium is concerned, whatever their magnLtufle or

sense.

The following are, in conclusion, a few of the kinetic pro-

positions the solution of which is greatly aided by the use of

centroids :

—

(I.) If a force' constant in direction and position act upon a

body, then (i.) if it cut the centroid for the motion of the body
in one or more points motion will take place until the first of

these becomes the point of contact, and will then cease ; (ii.) if

it pass entirely without this centroid, there will be continuous

motion. As corollaries to (i) may be mentioned (a), if the cen-

troid for the motion of a body be a curve of the 2nd, 3rd . . . Hth

order, the body has a maximum of 2, 3 ... ?; positions of equi-

librium under some one or more forces constant in direction and
position. Also (/'), if a body have not more than a single

position of equilibrium under any such force, the centroid for its

motion must be a straight line.

(II.) If the position of a force relatively to the body upon which
it acts remain constant, then (i.) if it cut the centroid of the body
in one or more points, motion will take place until one of these

becomes the point of contact, (ii. ) if it lie entirely without the

centroid of the body, there will be continuous motion. This

gives corollaries as to positions of equilibrium similar to those

just stated.

(III.) If a force constant in direction act always at the same
point of a body, motion will continue until the instantaneous

radius of the pomt becomes parallel to the direction of the force.

There is here no case of continual motion ; the theorems as to

number, &c., of positions of equilibrium are similar to those given

above.
English writers have used these curves very little. Among

modern continental writers who have employed them may be

mentioned Dwelshauvers-Dery (Liege) who uses them in his

" Cinematique " for questions relating to relative velocities ; Schell

(Carlsruhe) in his "Theorie der Bewegung u. d. Kralte ; Reu-
leaux (" Theoretische Kinematik," and elsewhere), who gave

them the name [Polbahnen), by which they are known iir Ger-

many, and who has used them ably and extensively for kinematic

problems ; and lastly Proll, who has made use of them in his

recent " Versuch einer graphischen Dynamik." The writer has

not, however, found them anywhere unreservedly adopted, and

has, therefore, made this attempt to show how easily cenlroidal

methods adapt themselves to the general treatment of mechanical

problems, especially those connected with mechanism, and at the

same time how well suited they appear to be for educational

purposes.

OUR ASTRONOMICAL COLUMN
The Total Solar Eclu'se of 1SS2, May 17.—Hallaschka,

in his " Elementa Eclipsium," describes this eclipse as broadly

total, whereas, it will be, in reality, total, though the zone of

* Or here, and in the following propositions, the resultant of any number
of forces.

totality will not be a broad one. An error in the moon's semi-

diameter led to the statement in Hallaschka's work. The
following elements of this eclipse, calculated upon the same
system that has been applied in the examination of other solar

eclipses in this column, will probably be near the truth :

—

Conjunction in R.A., May 16, at igh. 41m. Ii'7s. G.M.T.

R.A
Moon's hourly motion in R.A.
Sun's „

,, „
Moon's declination

Sun's „
Moon's hourly motion in deck
.Sun's ,, „ ,,

Moon's horizontal parallax . .

.

Sun's ,, ,,

Moon's true semi-diameter ...

Sun's ,, ,,

53 56 35-4

36 I4'S
2 2S7

19 3S 46-4 N.
19 19 38-8 N.

4 56-0 N.
o 33-8 N.

58 I5-I
8-8

15 52-4

15 48-8

The central .and total eclipse begins at i^h. 53 Sm. in longitude

3° 11' W., and latitude 10° 40' N. ; it occurs with the sun on
the meridian in 63° 44' E., and 38' 35' N., and ends at

21I1. i8'8m. in 138° 51' E., and 25° 25' N. The following are

points upon the central line in that portion of its track where
observations are most likely to be made :

—
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chronicles collected by Pingrc, was first seen early in February,

and increasing daily in brilliancy, would appear, if we may
rely upon the historians, to have presented a wonderful aspect

shortly before Easter. On Palm Sunday, and two following days,

we are told "its increase was prodigious ;" "le dinianche, sa

queue fut longue de vingt-cinq brasses ; le lundi, de cinquante et

meme de cent ; de plus de deux cents le niardi." It then ceased

to be visible at night, but during the eight following days it was

seen near the sun, which it preceded ; its tail had then shortened

to " una ou deux brasses," but its brilliancy was such that the

light of the sun did not prevent its being seen at noon-day. It

continued visible till the middle of April.

Some years since the late Mr. John WiUiamr, Assistant-Secre-

tary of the Royal Astronomical Society, and author of the valu-

able work upon Chinese cometary astronomy, at the request of

the writer, made a strict search for mention of a comet or comets

in 1402 in several Chinese authorities in his possession, but

without any success ; nor is there any reference to a comet in

this year in M. Biot's translations. Failing thus to obtain any

data for calculation beyond the vague indications of the comet's

positions given in the " Cometographie," the writer endeavoured

to utilise them to form some idea of the orbit, and found that

with perihelion passage assumed on March 21, in longitude 2oS°,

ascending node 117°, inclination 55', least distance o'3S, and

direct motion, the principal circumstances of the comet's appear-

ance, so far at least as regards track across the heavens, mi;;ht be

represented ; but its extraordinary brightness is not easily ac-

counted for. The comet is mentioned in Kaempfer's Ilislory of

Japan, which renders it tlie more curious that the Chinese annals

should have no account of it. Struyck thought it was a return

of the comet of 1661, but in his day that body was thought to

be identical with Apian's comet of 1532, an idea which was

negatived by Mechain's subsequent calculations and by tlie non-

discovery of the comet about the year 1790, notwithstanding

Maskelyne's efforts to insure observations if it returned at that

time.

METEOROLOGICAL NOTES
V.\RIATIONS IN THE RELATION OF THE BAROMETRIC

Grapient to the Force of the Wind.—In a very sugges-

tive paper recently communicated to the Meteorological Society

of London, Mr. Clement Ley shows that the mean velocity of the

wind corresponding to each barometric gradient is much higher

in summer than in winter, and tliat this is the case at all stations

examined, with all winds, with all lengths of radius of isobaric

curvature, and with all values of actual barometric pressure.

The diurnal and seasonal variation in the relation of the gradient

to the force of the wind is unquestionably one of the funda-

mental questions of meteorological research, and we hope Mr.

Ley will soon again return to its discussion, with ampler data for

a more satisfactory handling of the subject than he has yet had

before him. That the mean diurnal oscillations of the liarometer

cannot be neglected in the inquiry is very evident. Thus, while

in June at S a.m. the barometer at Kew is o'Oi5 inch above the

dady average, on the coast at Falmouth it is only o'ooi inch
;

but while at 3 r.M. it is o'0l5 inch below the average at Kew,

it is still O'OOI inch above the average at Falmouth. Crossing

to the Continent and contrasting Helder on the coast with Namur
inland, it is seen that in June at S a.m. the barometer at Helder

is 0'004 inch under the average, while at Namur it is oooS inch

above it, but at 3 i-.M. it is at Helder 0007 inch above, whereas

at Namur it is o'oi i inch below the average. An interesting part

of the paper is that descriptive of the mean diurnal variations in the

velocity of the wind, in which, among other interesting fer.tures,

it is pointed out that at the coast stations, the mean horary

curve in summer approximates in type to the winter curve at the

inland stations, the diurnal maximum being about 2 r.M. In

connection with this it is interesting to note that while at

Valentia and Falmouth the anemometric maximum occurs in

summer about 2 P.M., the barometric minimum does not occur

till from three to four hours later. The point might be even

still more strikingly put by a reference to the observations made

at Tola, near the head of the Adriatic Sea, where during June,

July, and August, 1S76, the anemometric maximum occurred

from 10 a.m. to noon, and the barometric maximum from 11

A.M. to I P.M. The two maxima are thus all but contempo-

raneous, a result directly opposed to the view generally enter-

tained that in such cases the barometric maxima are contcmpo-

r,aneous with the anemometric minima. London presents very

considerable facilities for the working out of this question in iis

two well-equipped observatories at Greenwich and Kew, and in

the number of meteorological stations situated within a radius

of fifty miles, in connection with the Meteorological Office, Mr.

Glaisher, and the London Meteorological Society. Observa-

tions made at these stations at 9 A.M., 3, and 9 p.m., would

render possible the drawing of the isobarics over the south-east

of England, with an approach to correctness sufficient to give'

the barometric gradients for Greenwich and Kew as may meet

the requirements of the problem. Isobarics drawn from the

Daily Telegraphic Reports alone, while sufficient in a first ten-

tative inquiry, are, owing to the great distances between (he

stations, necessarily very hypothetical, and therefore much too

rough for any satisfactory investigation of this important subject.

Climate of Pekin.—A memoir on this subject, read by II.

Fritsche before the Imperial Academy of Sciences of St. Peters-

burg on August 17, 1S76, has just been published in the Kcpcr-

torinm Jiir Mctcoyologtc, The memoir is an able and exhaustive

discussion of the elaborate meteorological observations made at

Pekin from the beginning of 1841, and published by the Russian

Government under the superintendence successively of Kuppfer,

Kaemlz, and Wild. H. Fritsche has thus been able to give in a

very complete form the hourly and general monthly averages for

temperature, pressure, and humidity, and very satis''actory,

though necessarily less complete, averages of wind, cloud, rain,

snow, hail, and thunderstorms. The mean temperature and

pressure of each day of the year has been worked out in detail,

and several of the more important extremes .are also tabu-

lated. This well-discussed material has a peculiar meteorologi-

cal value, arising from the position of Pekin with refer-

ence to the continent of Asia, since it resulls from that

position that Pekin may be regarded as situated during the

winter months in an extensive anti-cyclone, the prevailing winds

being from the continent seawards, and from at least April to

July, in an extensive cyclone when the prevailing winds blow

from the sea in upon the continent. Hence its dry winter climate,

the mean monthly rainfall amounting only to o'i4 inch, and its wet

summer climate, the average rainfall in July being nearly 20 00

inches. Hence also snow falls only on eleven days during the

year. Thunderstorms occur on twenty-seven days, from the end

of April to the beginning of October, reaching the maximum in

June, July, and August, when a thunderstorm occurs on an

average about every fifth day. The same season marks the

period of hail, which is, however, of rare occurrence, being only

once in two years. Of special interest are the hourly averages

in their relation to the winds and weather of this part of Asia.

Thus, while the climate of Pekin loses much of its continental

character during the summer months, the hourly barometric

curves lose their strictly continental character, the morning

minimum, for instance, falling close to, or even slightly below,

the mean of the day, thus tending to be assimilated to the curves

of the sea-side climates about the latitude of Pekin.

Why the Barometer does not always Indicate Real

Vertical Pressure.—Mr. Robert Tennent writes from Edin-
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burgh to point out why the barometer does not always indicate

real vertical pressure. He points out that as the upper currents

of tlie atmosphere when in motion are more mobile than llie

lower, and less retarded by friction than the lowest, there are

frequent movements or "liftings" from the lower to the upper

layers, and this affects the barometric column, " the normal up-

ward diminution of pressure which takes place when the atmo-

sphere is at rest being greatly altered when its upper portion is

in rapid motion." Mr. Tennent says " the practical conclusion

from this is obvious. On weather charts the constant rise and
fall of the barometer which is there reported, is to a large extent

simply due to the passage of air over a resisting surface ; over a

surface devoid of friction these mechanical effects would be en-

tirely removed, its rise and fall would be greatly reduced, and

might be considered as being solely dependent on the effects of

heat and vapour. The gradients and isobars which are depen-

dent upon it would also be similarly affected. The barometer

does not indicate the real weight of the atmosphere, it only ex-

hibits the amount of its elasticity from which its real weight can

only be deduced when the dynamical element of motion does

not enter into one of its currents." . . . "As a general rule, in the

British Isles equatorial winds are accompanied by these rapid

upper movements, while Polar winds move with a greater uni-

formity in the velocity of their various layers, and sometimes

even those on the surface move more rapidly when copiously

supplied from a vertical source. Tliere is hence a remarkable

difference in their mode of inflinv. Equatorial winds as they in-

crease in force are hence accompanied by ' lifting ' and a fall of

the barometer. Polar winds are not attended by ' lifting,' and

if their supply is copious and partly from a vertical source, their

increase in force is accompanied by a rise of the barometer.

The range of the thermometer is equally great both above and

beiow its mean. But with the barometer the extent of its range

above the mean is not more than one-half of tliat which takes

place when it is below it. When it is below the mean^ equa-

torial winds generally prevail which are accompanied by ' lifting

'

and extensive range. Above the mean. Polar winds prevail

which are ,not attended by ' lifting ' or such extensive fluctua-

tions. Hence, as a general rule, equatorial winds exhibit ficti-

tious or dynamical pressure, while Polar winds possess more

nearly real or statical pressure, jbeing .unaccompanied by the

mechanical oscillations due to tlie passage of air over a resisting

surface."

Thunderstorms at Antibes on March 26, 1S77.—Col.

Gazan has given a brief account, in the Butlttin Interna'.ioiial

for April 18, of three thunderstorms which occurred at Antibes,

in the south-east of France, on March 26, possessing certain

characteristics well deserving of attention. About 7 A.M. a flash

of lightning occurred followed by a clap of thunder, and at 7.10

A.M. a fall of hail without rain, lasting ten minutes. The hail-

stones were for the most part regularly round, quite opaque, and

not bigger than comnron peas, the largest nut much exceeding

half an inch in diameter. Clear patches of blue sky in the east

and south-west formed a striking contrast to a nimbus cloud in

the west, which was connected with the upper clouds. Tlie

clouds were absolutely motionless, the air so calm that not a leaf

was stirring, and the fall of hail exactly perpendicular. At

II. 10 A.M. the sky was [entirely overcast, and under the same

conditions as before a fresh fall of hail took place, mingled with

heavy rain, the hailstones being more equal in size and generally

smaller. About 2.30 p.m. a pretty smart shower of rain fell,

which, immediately after a flash of lightning followed by thunder,

increased in violence, and was accompanied with hail. The

largest of the hailstones did not much exceed the largest of those

of the two falls preceding. During the whole time there was

not a breath of wind until just before the end of the last thunder-

storm, when a light westerly breeze sprang up. Col. Gazan

infers from the quiescent state of the air, as shown by the absence

of motion in the clouds, the perfect calm at the earth's surface,

and the regular distribution of the hailstones over the ground,

that the three thunderstorms were formed immediately over the

place and that the phenomena were unattended with any gyratory

movement whatever—conclusions which, if correct, have im.

portant bearings on the theory of thunderstorms, and therefore

are well deserving [Of the most careful examination on the part

of observers of the phenomena of atmospheric electricity.

Meteorology in Italy.—The Rivisia Scientifico IndustriaU

publishes a "project for the^constitution of an ItaUan Meteoro-
logical Society " from the pen of Prof. D. Ragona, director of

the Modena Observatory, in which the writer points out the im-

portance of meteorology, and'adds that this science owes much
to Italy, as it was in that country that the most valuable meteoro-

logical instruments, viz., tlie barometer, thermometer, and rain-

gauge, were invented. More than 100 meteorological stations

are already in existence, some of which are renowned for exact-

ness of the determinations and delicacy of the researches they

Iiave made. They have also the advantage of great variety in

their elevations, more than sixty of them being situated between
200 and 2,500 metres above sea level. Several Influential

persons have already consented to become members'' of the new
society, and amongst them are the Minister for Agriculture,

Industry, and Commerce, and Prof. G. V. SchiapareUi, of

Milan. We wish the project every success.

Meteorology in France.—The prefects of three different

departments have published a circular notifying to the mayors of

the several communes under their authority the required condi-

tions for receiving daily the weather-warnings issued by the ob.

servatory. It is the first time that official action has been taken

for the propagation of the system inaugurated by M. Leverrier,

The progress made under his direction is very remarkable, and

meteorology is becoming very popular in every part of France.

The system is to continue on the voluntary principle.

Sunday Weather Warnings.—The weather telegrams

sent every Sunday by the British Meteorological Board have

been discontinued, as it is only during winter that the taking of

observations has been authorised. The head of the Meteoro-

logical Office has written to M. Leverrier notifying the fact, and
expressing a hope that the Sunday service will be resumed

next September. This decision has given rise to some sarcastic

paragraphs in the French leading journals, which doubt whether

storms will be found strict Sabbatarians even in summer.

GEOLOGICAL NOTES
Geological Map of Belgium.—Considerable discussion

has lately taken place in Belgium regarding a detailed geological

map of that kingdom which it has been proposed to construct.

The Academy of Sciences, the Geological Society of Belgium,

and the Association of Engineers have all formed committees

of inquiry as to the best methods of preparing the map. It

may interest geological readers to know the scheme which after

prolonged discussion^has been agreed upon liy the Geological

Society of Belgium. The organisation of the staff is proposed

to include a geological committee charged with the actual sur-

vey, and consisting wholly of geologists ; a cartographical com-

mittee composed of cartographers and geodesist-, to take charge

cf the engraving and publication of the map in chromolitho-

graphy ; a director, as president of both committees, to be

appointed by the King, on the recommendation of the geological

committee. Each committee is to be independent of the other,

and to have the utmost liberty within its own proper sphere of

action. The Government, on the recommendation of the Royal

Academy ot Belgium, names the first five members of the geo-
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logical committee, and the additions to this number are made by

the Government on the recommendation of the committee itself.

The geological committee may nominate for appointment by

the Government as associate members, the assistants which it

will require for the execution of the work, and it will regulate

their remuneration subject to ministerial approbation. This com-

mittee will settle the legend cf the map, as well as all details

which can be regulated in advance ; it will determine by

whom and under what conditions the geological work is to

be carried on, and it will decide upon the memoirs or other

works connected with the geology of the country, which are to

be published as accompaniments of the map. Each published

sheet of the map will bear the name of its author. The geo-

logical committee will communicate through the director wilh

the cartographical committee before the final printing off of the

sheets of the map. The cartographical committee will com-

prise five members, including the director-president, all ap-

pointed by the Ciovernment. The Director will convoke the

committees as often as he considers necessary and at least

once in three months. It will be his duty to superin-

tend the execution of the work determined by the committees,

and to give an account of its progress at every quarterly meet-

ing. He will also present annually to Government a report upon

the whole work connected with the map and upon the employ-

ment of the funds placed at his disposal. These regulations em-

body the views of the majority of the Geological Society of

Belgium, but from the keen and prolonged debate on the subject

(well reported in the Bidhtin), it is clear that some members of

the Society shrewdly foresee the difficulties which are sure to

arise if these regulations are finally adopted by the Govern-

ment. The whole scheme is too cumbrous. Unless the

president happens to be a man of singular powers, it will be a

matter of herculean labour to get a harmonious and complete

result out of the independent work of two committees, who need

not be summoned above once a quarter, and who are not com-

pelled to have any direct communication with each other

imtil just before the final issue of each sheet of the map.

The actual survey will be made, in part at least, by paid

assistants. Their work will be subjected to the criticism of the

geological committee, the majority of which may change from

time to time, thus affording no guarantee of uniformity of

system. The maps, after coming out of the ordeal of this com-

mittee, will pafs under that of the cartographers, who, it seems,

are to have full power to bring out the maps in any style or

shape they choose, and who may "possibly be quite unacquainted

with geological requirements. We can anticipate the as'.unish-

ment with which some fine day one of the assistants may peruse

a published copy of his own "feuille." Perhaps his name

engraved at the bottom of the sheet may be the only indication

he will recognise of his association in a work with which his

connection ceased when he handed his field-maps over to the

geological committee. It is to be hoped that the Government

will reduce this somewhat complicated machinery. A respon-

sible director, with, if need be, a small council of geologists,

palnsontologists, and map-makers with whom he might from time

to time consult, would be sufficient to organise a staff of field-

surveyors and to carry out in fullest detail and in complete

harmony a geological survey of the country.

Ice-Work in Labrador.—I\Ir. IT. Y. Hind, who h.is already

published much valuable information regarding the glacial pheno-

mena of British North America, has recently visited part of the

north-eastern coast of Labrador., and has prepared some notes of

the chief geological results of the journey. His coirtributions to

our knowledge of the glaciation of that part of the world are of

special interest, and will no doubt be welcomed by those geolo-

gists who still maintain the potency of icebergs and floating-ice

over glaciers and ice-cap. He describes the "pan-ice" of the

Labrador coast—that is, the frozen sea-water of the bays and

shallow seas along the coast, and shows that though in winter it

has no lateral motion but merely rises and falls with the tides, in

spring and summer it breaks up into j-iieces or "pans" from a few

square yards to many acres in extent. These "pans" pressed by

the south-east Arctic current against the coast, and accommo-
dating themselves to all its sinuosities, are pushed over the low

islands and promontories with irresistible force, grinding and

polishing the hard rocks, rasping the sides of steeper cliffs, and

driving before them every boulder and pebble which may be

lying on the surface, as well as any blocks which they may be

able to detach from the solid rocks. The same kind of aeiion

takes place in the shallow seas, the bottom of which, down to a

depth of twelve or fifteen feet, is smoothed and planed by the

drifting ice. While the prevalent drift is from the north-we-t

out of Davis Strait, a change of wind sometimes brings the end-

less chain of loose ice back again. The rocks are again abraded

and the loose blocks are driven to and fro until they acquire the

true boulder-form. In the sheltered depressions of the sea-flour

accumulations oi ilcbiis must be taking place like some varietlts

of boulder-clay. Mr. Hind remarks that this form of ice-work

goes on over hundreds of miles of coast. He assumes that it has

been the means of smoothing and polishing the rocks of Labrador

up to a Ireight of many hundred feet above the sea during the

gradual elevation of the land. At the same time he states that

though he believes the] deep fjords to have been excavated by

glaciers, he has found after the most careful search only one

example of 'gLicial strix. An obvious objection will occur to

many readers ; it may be that the smoothing and polishing

of the hills of Labrador has not been done by pan-ice but

by solid sheets of land-ice which moved over the courrtry,

no doubt grooving and striating it from end to end. All

that pan-ice has effected may have been merely the rubbing

down of the exposed parts of this general glaciated surface, and

the consequent removal of the stria?. The sea-bottom off the

Labrador coast freezes irr sixty and seventy feet of water, forming

what is called "anchor-ice." Seals taken in seal-nets from

depths of ten or fifteen fathoms are often fourrd frozen solid

when brought to the surface, where, however, ihey thaw in a

few hours. The Labrador climate, as is well known, owes much

of its severity to the constant supply of ice drifted past it from

the north. Mr. Hind examined thousands of icebergs near at

hand last summer, and in only one or two instances did he

detect upon them any foreign m.iterial. He concludes that true

icebergs have little opportunity of transporting rock and debris,

though he admits that where they ground they may be deepening

the water by their incessant rolling and grinding, as the swell of the

sea sways them to and fro. He speaks of a loose fringe of such

stranded bergs on banks at a distance of ten or fifteen miles from

the outermost islands, extending for hundreds of miles along the

coast of north-eastern Labrador. These banks intercept the ice-

bergs and prevent them approaching nearer to the land, so that

it is only the broken fragments of the smaller "foundered"

bergs which enter the fjords and channels.

Human Remains in a Raised Beach.—During the recent

long'excursion of the geology class of the University of Kdin-

burgh, an interesting find was made in the raised beach to the

west of rittenweem, on the coast of Fife. The storms of last

winter have cut away some new slices of the coast, and laid

bare fresh sections of the low raised beach which fringes the

more sheltered parts of that coast-line. Tortions of the skull,

arm, and shoulder-bones of a full-grown skeleton were observed

protruding from an upper argillaceous layer of the undisturbed

gravel of this raised beach. In examining them, one of the

phalanges of a child was likewise obtained. Some additional

bones were picked up orr the beach, but the greater part of the

skeleton had no doubt been removed by the waves. From the
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position of the bones seen in situ, it was inferred by the students

that the body had originally been cast ashore by the sea with

one arm extended beyond the head, and that in this posture it

had been covered up with mud and gravel. The stratum,

containing the remains, lay about i,\ feet above the present high

water-mark, and was covered with qarthy sand.

NOTES
We regret to see what we must characterise as an unwarranted

attack made upon Sir Wyville Thomson in the current number

of the Aiiimh and Ma'^azinc rf A'a/itra/ History, as to the dis-

posal of tlie specimens obtained by the Challenger Expedition.

Dr. Martin Duncan appears to have taken for granted that an

extract of a private letter which some indiscreet friend of Mi.

.V'.exan'lcr Agassiz published in Si/limtrn's Journal, and which

then found its way into the English journals, is "official." lie

would liave done well to have ascertained whether this was really

the case before allowing himself to comment on Sir Wyville

Thomson's proceedings in such severe terms. So far as we are

aware, out of the many naturalists actually engaged to work out

the results of the Challenger Expedition, only three are nut

Englishmen, two being Americans, and one German. These three

gentlemen are of the very highest repute in their respective

branches, and Sir Wyville Thomson has, in our opinion, done

well for science to secure their services.

A LARGE and innuential deputation ot members of both

Houses of Parliament, headed by the Duke of Richmond and

Gordon, President of the Scottish Meteorological Society,

waited on the Chancellor of the Exchequer on Tuesday to advo-

cate tliat society's claims to State assistance. Sir Stafford

Northcote sail that the Tieaury was prepared to grant i,03o/.

for services rendered to Government during the past twenty

years, and as regards the future he promised to consider the

matter.

Mr. J. Russell Reeves, F. R.S., after whom that magifi-

cent bird Reeves' pheasant was named, died on the ist instant

at Wimbledon, aged 73. As a young man in the H.E.l.C.'s

service in China, Mr. Reeves contiibuted not a little to our

knowledge of the flora and fauna of that country, several new

plants and animals having been sent home or described by him.

His love for natural history continued to the time of his death,

and for some time he kept up a good aviiry at his house at

Wimbledon.

The Rhind lectures, delivered in Edinburgh by Dr. Arthur

Mitchell, on the condition and antiquity of the cave-man of

Western Europe, in otlur words the early, or earliest European

of whom we have any knowledge, were brought to a close on

Friday last. Dr. Mit'.hell showed that the cave-man's weapons

of the chase and war were made of bone or horn, and highly

finished, while his implements of stone were extremely rude, and

calculated chiefly to serve as tools in the making of his bone

implements, thus placing him in the bone rather than in thejstone

age of civilisation. P'rom an elaborate e.xamination of the

objects which the cave-man has left, displaying an art-faculty,

and from the study of the crania of the cave-people themselves,

he showed that they must have possessed a higli capacity for

culture in all directions, and must have been as complete in their

whole manhood as living Europeans. From an e.Khaustive

examination of the cave-fauna, and of the actual f.iuna of

Western Europe, Dr. Mitchell gave reasons, which certainly call

for grave consideration on the part of archieolrgists, for

believing that the antiquity of the cave-man of Western Europe

is to be measured by a few thousands, and not by tens or

hundreds of thousands of years.

The Anthropological Institute will hold a Conference_at

4, St. Martin's Place, Trafalgar Square, on May 22, on the

Present State of the Question [of the Antiquity of Man, when

the following papers will be read :—Prof. Boyd Dawkins,

F.R.S.—"On the Evidence Afforded by the Caves of Great

Britain ; " Prof. McKenny Hughes— '

' On the Evidence Afforded

by the Gravels and Erick Earth ;
" Mr. R. H. TidJeman.

—

"On the IIya?na Bed in the Victoria Cave." Communications

have also been solicited from foreign anthropologists.

The Paris Acclimatisation Society distributed its medals last

Saturday at the Vaudeville. One of them was awarded to Mr.

Alfred Mosenthal, Consul of the late Transvaal Republic, for his

admirable work on the acclimatisation of the ostrich. Suc-

cessful experiments on his system have lieeu made on a large

scale in Algiers.

Mr. Ethf.ridge writes to the Times with 'reference to his

examination of the red and green shales found below the depth

of 1,073 f*^^' ™ '^^ boring at Meux's Brewery, and of which

Prof. Judd spoke in a recent article in Nature on Deep Well-

borings'in London. He states that the evidence now shows them

to be of palxozoic age, and of the continental type of Devonian

rocks containing the molluscan fauna of that period.

At the April session of the German Geological Society Ilcrr

Speyer exhibited a number of fine palKontological specimens

belonging to the Permian formation, obtained at a depth of 242

metres from barings in the vicinity of Memel. The twenty-five

species found embraced eleven molluscs, five entomostracK, two

bryozoa, &c. Although nearly all of them are represented in

the Lower Permian of Thuringia, Hesse, and Wetterau, but one-

third of the number are found in the corresponding jEngUsh

formations. The above-mentioned borings yielded in the midst

of the Permian formation occasional specimens of dolomite, with

crinoidal stems and imperfect remains of brachypods, belonging

properly to the Devonian.

The monument to Liebig to which we have previously re-

ferred, was unveiled at Darmstadt, his birthplace, on the 12th

inst., the seventy-fourth anniversary of his birth.

The Annual Meeting of the Cumberland Literary and

Scientific Association was held at Iveswick on the first three

days of the present month. This association, as we have pre-

viously intimated, is formed of a large number of local Cumber-

land societies, and both its first and its recent meetings have

been highly successful. The idea of thus associating the various

Iccal societies of a county is adniiiable, and we would strongly

recommend its universal adoption. The president at the last

meeting was the Bishop of Carlisle, who gave a really interesting

and fairly liberal address on the "Analogies and Contrasts

between Human and Divine Science," the greater part of which

consisted of an account of some recent advances in physical

science. Several other papers were read, nearly all of them

scientific, and more or le.ss on subjects connect-, with the dis-

trict. The new president is Mr. Isaac Fletcher, M.P., F. R. S.,

and the next meeting will be held at Cockermouth in May,

1878.

Commander Perkier read a paper at the last meeting of the

Geographical Society of Paris, on the determination of the longi-

tude of Algiers by telegraphy. The e.xact longitude is 2' 5o"'2i

east from Paris, the probable error being only o"'0l. The time

required for the transmission of the electricity from Paris to

Marseilles was found to be only itit; of a second ; the distance

between these two cities being 863 kilometres, it shows that the

velocity of the electricity was not less than 46,0x1 kilometres per

second. Similar experiments tried on the submarine cable

between Algiers and Marseilles proved that the time required to

travel was f(i\ of a second ; for a distance of 926 kilometres this

shows a velocity of only 4,000 kilometres. But the battery used

for signalling in the aerial line was composed of 100 elements.
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and only ten elements were used in the sub-Mediteiranean

cable. The triangulation of Algeria is an accomplished Jfact,

and the calculations will be finished two or three months

hence. When the operations shall have been completed it will

be possible to know the exact lengtli of an arc -of meridian pass-

ing through the Paris Observatory, and extending from Shetland

to I.aghouat. The amplitude will be exactly 30". An arc of

parallel will be measured, also extending from Nemours on the

Marocco frontier to Bona, in the vicinity of Tunis. The mean

latitude will be 36° and amplitude. 10°.

The following courses of instruction for science teachers will

probably be organised this summer at South Kensington:—!.

Chemistry (Klementary), from July 4 to July 26, by Mr. W.
Valentin, F.C.S. ; 2. Sound, from June 19 to July II ; 3. Light,

fromJuly 1 2 to August 3, both by Prof. Guthrie, F. R. S.
; 4. Steam,

from July 4 to July 26, by Prof. Goodeve, M.A., and Prof.

Shelley ; 5. Biology, from June 13 to July 5, by Prof. Huxley,

Sec. R.S. Details may be obtained by application to the Science

and Art Department.

The av/ard of the Public Schools' Prize Medals of the Geo-

graphical Society for the present year has been as follows :

—

Physical Geography—Gold medal, Walter New, Dulwich Col-

lege ; Bronze medal, Artliur Smyth Flower, Winchester College.

Political Geography—Gold medal, William John Newton, Liver-

pool College ; Bronze medal, John Wilkie, Liverpool College.

Artificial (lowers called baromdcis are being now exhibited

in a number of Parisian opticians' shops. They are coloured

with a material composed of chloride of cobalt. When exposed

to sun and dry air the leaves become deep blue ; when the air

is saturated with moisture they become pinky. All the inter-

mediate shades are easily observed.

A REPORT from Dr. v. Bary on his recent excursion into the

Tuareg region of the Western Sahara was read at the last meet-

ing of the Berlin Geographical Society. Ilis researches yield

but few grounds in support of the theory that the Sahara was

formerly the bed of a sea. He is inclined more to the belief that

North Africa has long been free from a covering of water, as no

traces of Tertiary formations were found, and the sand-downs

cannot be regarded as proofs of the former existence of a sea.

The traveller found the valley of Mihero not only remarkable for

the number of crocodiles existing in its pools, but also on account

of the rich growth of trees in striking contrast to the surrounding

deserts. A mass of luxuriant climbing plants prevents the passage

of beasts of burden.

Finnish papers report that vast masses of smoke are issuing

from a mountain adjoining the river Tana, and that the snow in

the vicinity has been melted away. The region has hitherto been

free from evidences of volcanic activity. The theory has often

been advanced that the gradual elevation of the shores of the

Gulf of Bothnia is due to volcanic forces, and it is possible that

these are finally seeking a vent.

The royal tigress in the Berlin Zoological Gardens, lately

brought forth a litter of two, which she utterly relused to take

care of. They were accordingly placed amidst the family of a

Newfoundland dog, who welcomed the new-comers warmly and

bestows upon them all necessary maternal attentions.

An extensive movement of subsidence has taken place at

Marano Marchesato, in the territory of Cosenza (Calabiia). A'ast

chasms have opened, a great number of houses have been

destroyed, and many others threaten ruin. The movement

extends to the north, passing the hills of S. Fill e Bucita as well

as to the river that divides Marano from Rende, thej waters

of which are partly escaping through large fissures in its bed.

At the observatory of Cosenza there have been noticed for some

time a barometrical depression of 10 mm., an extraordinarily low

state of temperature with variable winds, fresh snow on the

mountains, and a very abundant rainfall. The magnetic instru-

ments, too, show an extraordinary agitation.

The town of Iquique, in Peru, was visited by a destructive

earthquake on May 10. The damage done is not so great as

was at first anticipated, and it is stated that no lives have

been lost. Early on the following day, between 2 and

3 A.M., a shock of earthquake is reported to have occurred at

Comrie and the surrounding district of Perthshire ; the shock,

as usual, came apparently from south-west, proceeding to north-

east, and was accompanied with a noise resembling that of

distant thunder or the discharge of cannon. On May 2 several

shocks of an earthquake were experienced in the neighbourhood

of Ijofta, in Sweden, causing some degree of damage.

In the April session of the Berlin Anthropological Society,

Baron v. Schleinitz, commander of the late German exploring

expedition, ^ave an extended account of his anthropologital

studies among the inhabitants of New Guinea and the islands of

the Melanesian Archipelago, which possess an interestin,'; cha-

racter on accoimt of the isolated character of the region. The
natives beloni; almost exclusively to the pure Papuan lace.

Three sharply-disl-inguished types were noticed. Thefirst, pre-

valent in the northern part of New Guinea, is characterised by a

thin, ill-shaped, hairy body, smooth face, thick lips, woolly

hair, prognathous features, thin calves, &c. A second, occupy-

ing the islands of New Hanover and New Ireland, is slightly

modified. The colour is a light brown, scarcely darker than

that of South Europeans ; the body is belter proportioned and

more fully rounded ; clothing is not worn by the men and rarely

by the women. A comparatively strict observance of morality,

the rights of property, and family relations was, however, ob-

served. A third race, found on the western coast of New
Guinea, evidently possesses a slight mixture of Malaysian blood.

They are russet brown and dolichocephalous, with intelligent and

handsome features, and well proportioned form. Many of the

tribes inhabit villages built on piles and well secured against

attack. Polygamy is prevalent in certain regions, and a^legalised

system of marriage appears to be general.

We have received from Prof. Henrici the sum of \l. 10s.

towards the Gauss Monument Fund.

The additions to the Zoological Society's Gardens during the

past week include a iloolock Gibbon (Hylobaics hooloci:') from

Assam, presented by Mr, John Scrymgeoiir ; two Mange's

Dasyures {Dasyurus mau^cci) from Australia, presented by Capt.

J. C. Harris ; an Antarctic Skua {Stercorarius anlarcticus) from

the Antarctic Seas, a Ceylon Hawk Eagle (^Spkzactus ayhiicnsis)

from Ceylon, presented by Capt. W. Vincent Legge ; two White

eared Conurcs {Conunis Iciicotis) from South America, presented

by the Lady GrevUle ; three Touracous (Corythaix persa) from

West Africa, presented by Mr. J. G. Tayler and Capt. R. H.
Crewe ; a Saddle-billed Stork [Xenorhynchus sencgalciisis), a

Black Sternothere (SUnwlharus nigir) from West Africa, five

Kappler's Armadillos (Taiiisia kappleri] from South America,

purchased ; a Wild Boar {Sus scro/a), born in the Gardens.

UNIVERSITY INTELLIGENCE
Oxford.—The Master and Fellows of Balliol College give

notice that they are willing to receive as members of the College

without further examination, selected candidates for the Indian

Civil Service, not exceeding in number ten, and to assist in their

education. Any candidate who wishes to avail himself of this

proposal is requested to communicate with the Master of

Balliol.

Cambridge.—The Adams Prize awarded biennially for th

best essay on some subjects of Pure Mathematics, Astronomy,
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or other branch of Natural Philosophy, the competition being

open to all persons who have at any time been admitted to a

degree in the Unwersity of Cambridge, has been adjudged to

Kdward lohn Routli, M.A., F.R.S., St. Peter's College. The
subject of the essay is "The Criterion of Dynamical Stability."

The valae of the prize is about 250/.

A Warden of Cavendish College in the place of the Rev. T.

J. Lawrence, resigned, will be elected on Tuesday, June 5. The

College is intended for students somewhat younger than ordinary

undergraduates, and the teaching and discipline correspond with

those of the higher forms in a public school. The sahiry is

500.'., or a capitation fee of 5/ when the number of students

exceeds 100. Candidates are requested to communicate wiili

the Rev. Prebendary Brereton, Little Massingham, Rougham,

Norfolk.

Glasgow.—The Town Council has given a subscription of

5,000/. to the funds of the University of that city.

Bristol.—It will be seen from our advertising columns that

a I'rincipal is wanted for University College. For so young an

institution the salary offered is veiy fair, and we hope that a

thoroughly good man will be obtained for the post, one who, if

not a man of science himself, at least regards it as of equal im-

portance with literature.

SOCIETIES AND ACADEMIES
London

45 g- Royal Society, April 12.
—" On certain Molecular Changes

which occur in Iron and Steel during the separate acts of Heating

and Cooling," by Prof. Norris, M.D., Queen's College, Bir-

mingham.
An exhaustive study of the various conditions has led to the

elucidation of the nature of liardening, softening, tempering,

annealing, &c., and has further shown that numerical values

may be assigned to these states.

The research has further established the existence in steel and

in iron containing Jrcc carbon of a contraction or shortening

which is excited by heat, and which proceeds simultaneously

with the dynamical expansion, and masks its true amount. This

is divisible into ///;/< and I01.0 temperature contraction.

The presence of a cooling expansion or crystallisation, which

conies in during the dynamical contraction, and masks its true

amount.
These effects, due to crystallisation and decrystallisation, are

the causes of the so-called kicks, or temporary contractions and

expansions which occur during the heating and cooling of the

steel.

That the low-temperature contraction and cooling expansion

are due to decrystallisation and crystallisation which occur

during the acts of heating and cooling, while the kicks them-

selves are simply the ihernnl effects associated with these

changes, and are proportionate to tlieir extent.

That protracted annealing, that is, extremely slow cooling,

brings about molecular separation of the carbon and iron ; and

steel in such a state contracts greatly when higli temperatures

are reached, producing llie contraction returns seen at the end of

the heating, and which are due to the coiidemation produced by

the recombination of the carbon and iion. .Steels in this state

are less susceptible to cooling expansion (ciystallisation), and

therefore to low temperature contraction on suljsequent heating.

April 26.—" Researches on Emeralds and Beryls.—Part II.

On some of the Processes Employed in the Analysis of Emeralds

and Beryls," by Greville Williams, F.R.S.

" On the Nature and Origin of the Beds of Chert in the

Upper Carboniferous Limestones of Ireland," by Prof. Edward
HuU, M.A., F.R.S. , Director of the Geological Survey of Ire-

land. With "Chemical Notes," by E. T. Hardman, F.C.S., of

the Geological Survey of Ireland.

From a review of the whole circumstances, it appeared that

the origin of the chert-beds was to be attributed to the replace-

ment of the original limestone or calcareous " ooze," due to

organic agency by silica, and that the rock is truly a pseudo-

morph, a view held by teveral observers.

The manner in which this replacement had been brought about

was then touched upon. It was shown that there was reason

for believing that at the close of the period during which the

carboniferous limestone was formed over the area of Central

Ireland, the sea-bed was elevated so as to be covered by the

waters of a shallow sea exposed to the sun's rays, and of a

warmer temperature than when at a greater depth. The waters

appear to have been charged with a more than usual supply of

silica in solution, derived (as Mr. Ilardman suggests) from the

surrounding lands, formed, for the most part, of highly siliceous

materials. As silica is less soluble than carbonate of lime,

chemical replacement would naturally take place, the carbon-

ate of lime being dissolved out and its place taken by the

silica. The warm condition of the sea-water, its exposure to

sunlight, the porous character of the corall ne, ciinoidal and

other forms, and the soft and "oozy" condition of the fora-

miniferal mud would give easy access to the sea-waters, and the

process of silicification would take rlace analogous to that

described by Dr. Martin Duncan, F.R.S., as having occurred in

the West Indies.

Linnean Society, April 19.—G. Bentham, F.R.S., vice-

president, in the chair.—M. Cassimir De Candolle read an im-

portant paper on the geographical distribution of the Meliace.-e.

His general conclusions with regard to the Melia family may
thus'be summarised : (a) The number and the mutual aflinities of

the various genera of Meliacece decrease from the Asiatic region

towards Africa and America on one side and towards East'Poly-

nesia on the other ; (/<) Between the Meliaceo; of America and

Africa there exists analogy, whilst Polynesian species belong to

Indian type ; (c) New Caledonia contains within itself a remarkable

number of distinctspecies, the type of which, however, is Indian
;

((/) in Australia three Indian genera are found, along with three

genera exclusively belonging to Australia ;
(<) No species of

Meliacere have hitherto been collected in the mosteastern islands

of Polynesia ; if subsequent observations reveal such it will be

interesting to know whether they pertain to Indian or American

type.—Another contribution on the geographical distribution of

the Indian fresh-water fishes (Part II. The Silurida;), read by

Dr. Francis Day, curiously enough in some ways points to a

similar conclusion to that derived from the plants above-men-

tioned. Dr. Day showed that of the twenty-six genera of Silu-

roida; represented in the Indian Empire, ten are found in the

Malay Archipelago, two more reach Cochin China or China,

whilst Clarias only is common to India and Africa, and more-

over it likewise is found in the Malay Archipelago. He infers

that the said freshwater fish of India are more closely related to

a Malayan than to an African fish fauna.—Mr. R. Irwin Lynch,

of Kew Gardens, brought before the notice of the Society some

observations on the disarticulation of the branches of Cuslilloa

elaslica, the caoutchouc tree of Central America. lie has noticed

that the lateral branches are detached from the ascending stem

of the plant in a regular manner from below upwards in the same
way as leaves, and this happens always at the point of insertion.

Ill certain Euphorbiaceous genera which have leaf-like'branches,

these fall as does a leaf, and they bear in their axils a bud from

which alone the permanent branches are produced. They are

themselves subtended by a leaf reduced to a scale.— Capt.

Chimmo followed by two communications, one concerning the

mode of obtaining and the structure of the so-called Euplectella

of the Philippines, the othe/' a description of a supposed new
Rhizopod.

Anthropological Institute, May 8.—John Evans, F.R.S.,

president, in the chair.—Special thanks were voted for the

present to the Lilirary of a complete set of the volumes relating

to the voyage of the Novara, published and presented by the

Austrian Government.—On an exhibition, by Mr. R. Biddulph

Martin, of objects from a large refuse heap in the neighbourhood

of Smyrna, Mr. Hyde Clarke, Col. Lane Fox, and the presi-

dent offered remarks.—Mr. A. L. Lewis communicated a de-

scription of the remains of a stone circle at Colderham, Kent,

illustrating his remarks by a well-prepared plan.—Dr. John Rae
read a paper on the skulls of the Esquimaux, attributing the fact

that two distinct types of skull exist among these peoples to an

admixture of blood. An interesting discussion followed, in

which Dr. Beddoe, Col. Lane Fox, and others took part.—Dr.

Beddoe, F.R.S., communicated a paper on the Aborigines of

Queensland, whom he described, on the authority of Mr. Chrisli-

son, who had had many years' knowledge of them, and employed

them very largely in sheep-farming, to be, in many respects, not

so black as they have been jiainted.

Royal Microscopical Society, May 2.— II. C.Sorby, F.R.S.,

president, in the chair. A number of donations to the society

were announced, including a sum of 500/. presented by Mr. C.

Lambert.lfrom a bequest of 25,000/. left by that gentleman's late

father, to be appropriated to benevolent and scientific purposes.
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—The first of a series of lectures founded in honour of the late

Prof. J. Quekett was delivered by SirJohn Lubbock, Bart, M.P.,

"On Some Points in the Anatomy of Ants." Commencing by
reference to the occasion, and appropriately giving a short history

of the life and labours of Prof. J. Quekett, the lecturer jjroceeded

to describe in a minute and interesting manner the general struc-

ture and microscopic anatomy of these insects, pointing out the

differences found to exist between individuals of different species,

and also between the various classes of the same species. Atten-

tion was specially drawn to the structure of the antennce, and to

certain organs presumed to be those of hearing, also to the struc-

ture of the mouth, with its extensive muscles and mouth-sac.

At the conclusion of the lecture, the "(Quekett Medal" of the

society, struck for the occasion, was presented to .Sir John
Lubbock by the president, amidst great applause from the

fellows.

Victoria (Philosophical) Institute, May 7.—Dr, C. Brooke,

F.R.S., in the chair.—A paper on the indestructibility of matter

by Prof. Challis, F.R. S., was read.

Rome

R. Accademia dei Lincei, March 4.—The Roman Tuscia

and the Tolfa, by M. Ponzi.—On graphical statics, by M. Patta-

ligni.—On some cavern-myriapods of France and of Spain, by

M. Fonzago.—Studies on some anouran amphibians of Pied-

mont, by M. Lessona.—On a new function of the liver and tlie

effect of ligature of the vena porta, by M. Tommaso-Crudeli.

—

On the Meibomian glands, by the same.—On the cliemical con-

stitution of the cyanamidcs, by MM. Fileti and Schiff.—On the

tenacity of copper, steel, brass, and aluminium, at various tem-

peratures, by M. Pisati and others.—On the dilatation, , capil-

larity, and viscosity of fused sulphur, by M. Pisati.—On
organisation of the meteorological services of forecast for agri-

culture ; on publication of meteorological observations ; and on
history of the atmosphere, April to .September, 1876, by M.
Tarry.—On the small proof plane, by M. VolpiceUi.—Epheme-
rldes and graphic representation of the height of the water

surface of the Tiber, measured daily in 1S76, by M. Pelocchi.

—

On titanite and apatite of the plain of Spedallacio, near Sarsalba,

and on mancinite, by M. Uzielll.— Indian corn and pellagra, by
M. Selmi.

Paris

Academy of Sciences, May 7.—M. Peligot in the chair.

—

The following papers were read :—Two general laws of geo-

metric curves, by M. Chasles.—Studies of Mr. Sylvester on the

algebraic theory of forms, by RI. Ilermite.—Note a propos of

M. Favc's communications on the theory of heat, by Si. Resal.

lie opposes M. Fave's views. —On determination of the differ-

ence of longitude between Paris and Berlin, by M. iSIouchez.

The first series of astronomical observations are on the eve of

comi^letion.—Researches on the law of Avogadro and Ampere,
by M. Wurtz. Oxalate of potassium loses its water when heated

in dryjair under a certain pressure, but does not lose it, if heated

under the same pressuie, in chloral vapour or in a mixture of air

and water vapour. We may infer that hydrated chloral vapour

does not act like dry air, but like a mixture of anhydrous chloral

and water vapour.—Chemical researches on the green matter of

leaves, by M. Fremy (third paper). He thinks it proved that the

colouring matter of leaves is a mixture of phylloxanthine and phyl-

locyanate of potash. During life chlorophyll acts by decomposing

CO... When the leaves die and fall the colouring matter is destroyed

and gives up to the ground the salt of potash it contained.

—

Change of colour of chlorophyll ; its passage to blue and to red

or orange, by M. Trecul.—On meteorological predictions sent

from the United States, by M. Faye. Some think the success of

these owing to the role of the Gulf Stream, which they suppose

to be the grMid route taken by storms in traversing the ocean.

M. P'aye shows this to be a mistake ; the path of storms de-

pending on currents in the higher regions of the atmosphere.

—

On the identity of anthrax in all the species of domestic animals,

by M. iJouley. Contagion is its most essential character.— M.
Bernard made some remarks in presenting his Lecons siir It:

diabcte d la glycogaicsc animali.— Reports on the geodetic and
topographic works executed in Algeria, by M. Roudaire. This

relates to his measurement of the meridian of Biskra, and survey

of the region of the Chotts.—Practical reduced form of the develop

ment of Taylor, by M. Rouyaux.—Integi-ation of linear differential

equations of any co-efticients, with or without second member,
by M. Andre. —Solar spots observed at Madrid in April, 1S77,

by M. Ventosa. Another 'confirmation of what M. Janssen
observed.—On M. Janssen's communication on the sudifen
formation of a very important sun-spot, by M. Gazan. Me thinks
tlie spot was not formed suddenly ; all spots are preceded by
violent agitation of the luminous matter. lie passes some other
strictures.—Researches on accidental double refraction, by M.
Mare. The double refraction produced by hardening is iden-
tical with that produced by a regular heating of the contour
of the plate.—On the interior resistance of thermo-electric
elements, by M. Rolland. The experiments were m.ade with
Clamond's pile. The curve of resistances oscillates continually

;

its course, at first rather irregular, becomes nearly normal only
after about twenty minutes ; it is then fixed at a height which
it retains during about ten minutes. When the p'le cools the
curve again oscillates irregularly.—On acid acetates, by M. Les-
coeur.—On .some derivatives ofacetylaceticether.byM. Demaixay.
—On nitrosalicylic acid, by M. Phipson.—Action of toxical and
antiseptic vapours on the fermentation of fruits, by MM. Le-
chartier and Bellamy. The action of vapour of phenic acid,

cyanide of potassium, and camphor destroys or diminishes con-
siderably the vitality of fruit cells.—On the same subject, by
M. Gayon. He tried chloroform, ether, and sulphide of carbon
with similar results. Sulphide of carbon and camphor (in the
two series of experiments) acted less powerfully than the other
substances; they allowed a little fermentation.—On two new
niobates, by Mr. Lawrence Smith. These, found in North
Carolina, he names HatchdlnUti: and Rogersite.—Researches on
the mode of formation of Cyclopia, by M. Dureste.—Note on
the peristaltic movement of the intestine, by M. Guerin. The
matters in the intestine are not moved along by an action a tcrgo,

resulting from simple circular contraction of the muscular mem-
brane, but by a double jiropulsive and suctional action, realised

through contraction of the circular and longitudinal planes of the
intestine.—On a whale, properly so called, caught in the Bay of
Tarentum, by M. Capellini.—On the mines of New South
Wales, by M. Simon.
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SCIENCE AND WAR
II.

AT no other time has there been so much want of

unanimity among the Great Powers of Europe on

the subject of Ordnance. There are 'to be found at the

present moment cannon of a dozen different descriptions

in the gun parks of European nations, differing from each

other not only in respect to their construction, but in the

metal of which they are made. So far as small arms are

concerned, we know there is but one opinion ; some

nations prefer one breech-loader to another, but all agree

in the employment of breech-loaders. In the case of

cannon, however, it is different. Germany relies upon

breech-loading ordnance, while Great Britain has for-

saken the system and gone back to muzzle-loaders ;

Austria makes her guns of bronze, Germany of steel,

Russia favours steel and brass, America cast iron, while

England has cannon of steel encompassed with iron, and

France weapons of iron girt with steel.

The balance of favour is beyond question with the

breech-loader at the present moment. All the new artil.

Icry of the Russians and the Turks is of this kind, while

the field-guns both of the Germans and Austrians are

upon the same system. France has done nothing lately

for the regeneration of its ordnance, and there remains

but Great Britain and Italy to represent muzzle-loading

artillery. But Italy, although she has adopted the British

system for very heavy guns, is by no means a confirmed

believer in it, and will doubtless hesitate before following

our example very far, beset, as she is, with neighbours

armed with breech-loaders.

Of all the Powers, it is, curiously enough, steady-going

Austria, which has taken the boldest and most independent

course in the matter of artillery. It was but at the end of

I S75 that the Austrian War Office decided to adopt the

Uchatius cannon for field artillery, and yet at this moment
every artillery regiment of the vast Austro-Hungarian army
is armed with the new weapon. Within eighteen months

no less than 2,000 of these cannon have been cast and

finished, and now the Vienna arsenal is engaged in the

manufacture of heavy guns of the same character. Never

was a more energetic step taken. A new cannon of some
sort was held to be absolutely necessary to uphold the

prestige of the army, and a Commission having been in-

trusted with the selection of an arm, pronounced without

delay in favour of the scheme brought forward by Gen.

von Uchatius. In October, 1874, the first round was

fired from an Uchatius gun, and a twelvemonth afterwards

the sweeping reform which was to introduce an entirely

new artillery throughout the Austrian service was de-

cided upon. Government sanctioned an expenditure of

1,800,000/. to be spent in two years, and Gen. von

Uchatius was directed to give all the assistance in his

power towards the fulfilment of the design.

The Uchatius gun is made of so-called steel-bronze.

Chilled bronze would be a better name, since Uchatius

casts his metal in a chilled, or metal mould, in the

same manner, pretty well, as Sir William PaUiser pro-

duces his famous cU.lled projectiles. Bronze, as every-
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body knows, has been a favourite metal with gun-founders

from the earliest days, and in the East, especially, magni-

ficent castings of this nature have been produced. About

90 per cent, of copper and 10 of tin is the mixture com-
monly employed in making ordinary bronze, but 8 per

cent, of tin is the proportion preferred by Uchatius. The
difficulty in casting bronze, as those who have any experi-

ence know full well, is that of securing homogeneity, soft

particles of tin becoming isolated in the mass, and giving

rise to the defect known as " tin-pitting." Whether we
have lost the secret of bronze-casting, or whether in

former times they were more skilful at the work, certain it

is that founders of the present day are unable to secure

so uniform an alloy as formerly. This was very apparent

when some eight or ten years ago our own Government
adopted, for a brief time, bronze artillery. The addition

of a small percentage of phosphorus did not mend matters,

and the highest authorities on the subject were at a loss

to suggest an effective remedy. Our bronze guns, too, had
another defect which could not be overcome. After

firing the bore became affected, and the weapon, as it was
termed, "drooped at the muzzle." These were the two

defects indeed that led mainly to the abandonment of the

bronze gun in this country, and they are, too, the diffi-

culties which Gen, von Uchatius appears to have over-

come. He has got rid of "tin-pitting" and his guns do
not " droop at the muzzle."

Uchatius found that by subjecting the alloy in a liquid

form to considerable pressure, he was enabled to secure

a perfectly homogeneous mass, a result which was also

furnished, he discovered when he had gone a step farther,

if the molten metal was rapidly cooled. Steel-bronze is

apparently made much in the same way as the toughened

glass, of which we have heard so much lately. After

being cast in a mould, the alloy is thrust into a reservoir

of oil, heated to a high temperature, so that the metal

suddenly cools, but only down to a certain point. Then
the casting is withdrawn and allowed to get cold more
gradually. A regular and crystalline structure is in this

way produced, which has none of the defects of ordinary

bronze. It is a moot point whether phosphorus enters

into the composition at all. Chemists tell us they can
find no trace of it, but this is no absolute proof that a
small percentage of the element was not originally con-

tained in the alloy, being burnt out after it had done its

work of harmonising the two metals. The inventor is

rather reticent on the point, but in any case, it is very

certain that he produces a uniform and homogeneous alloy

of a hard crystalline nature.

One other expedient Uchatius has recourse to in making
his cannon. When he has cast his gun and chilled it, he

proceeds to dilate the bore. Wedges of steel, shaped in

the form of cones are forced into the tube of the gun
one after another, until the calibre of the weapon has been

increased by something like seven or eight per cent. This

expansion or dilation of the tube has not only the effect of

hardening or steeling the core, but also of rendering the gun

more elastic and capable of resisting more effectually the

strain put upon it at the moment of firing. The gun, after

this process, is in a state of elastic tension, and it is said

that there is a pressure from without, inwards, equal to

that which was exerted to dilate the gun in the first

instance ; and that this is actually the case can scarcely
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be doubted, since it is a fact that a section of the gun
before being quite severed, will tear itself loose with con-

siderable violence, and will be found on separation to

have partially returned to its former calibre.

So far as practical trials have been conducted with the

weapon, the Austrian Government have every i-eason to

be satisfied with the Uchatius gun, which compares

favourably with the Krupp steel cannon in the matter of

accuracy and durability ; while as regards its cost, it is

far cheaper than any other rifled ordnance. A steel field-

piece costs upwards of ioD/.,even when not protected with

rings, while the iron- steel weapon manufactured in this

country, costs about 70/. sterling ; the steel bronze cannon
of Gen. von Uchatius, on the other hand, are made for

35/. apiece.

In construction, the Austrian gun is so similar to that

of Herr Krupp, of Essen, that the latter claimed com-
pensation for an infringement of his patent when the

manufacture of the Uchatius gun was first commenced.
The Essen works, our readers may know, supply not

only Germany with steel breech-loaders, but have pro-

vided the present belligerents with all their modern
artillery. Russia has still many brass cannon on hand,

and Turkey a goodly number of Armstrongs, but

both powers mamly depend upon their steel Krupps.

These stood the German army in such good stead during

the last war that their reputation is firmly established.

They are of crucible steel, and the breech, instead of

being upon a hinge, or in the form of a block, moves
round in a D-shaped socket, the escape of gas being

further prevented by rings of phosphor-copper.

The manner in which the ordnance of this country is

constructed is sufficiently familiar to our readers. A tube

of steel is encompassed by jackets of wrought- iron, and
in this way the toughness of the latter is combined with

the hardness of the former. All our guns, as we have

said, load at the muzzle, while those of Russia, Germany,
Austro- Hungary, and Turkey, are breech-loaders. Italy,

in the case of the 100-ton guns with which she intends

to arm her two stupendous turret-vessels, the Diiilic

and Dandolo, has adopted our method of construction,

except that she employs smooth, instead of studded, pro-

jecliles. With the employment of a g.as-check at the

base of the shot to prevent windage and so secure the

full force of the exploding charge, the use of studs in a

shot appears to be unnecessary, a sufficient spin being im-

parted to the projerlile by the soft metal of the gas-check

before-named, which causes the shot to rotate after the

manner of a Snider bullet. So satisfactory, indeed, were

the Italian trials of these projectiles last year that it is by
no means improbable that we, too, may give up the use

of studded shot.

As to the comparative value of breech-loaders and
muzzle-loaders, we shall not offer an opinion. No douljt

a muzzle-loader is the stronger weapon, Ijecause its breech

is solid, but our cousins, the Germans, urge very justly

that since their guns do not burst, they are quite strong

enough. Advocates of the muzzle-loading system argue

again that their weapon is more simple in construction

and for this reason is to be preferred ; but on the other

hand the sponging and loading of a gun is more easy to

effect, if it opens at the breech. Indeed, in the case of

very heavy guns located in a casemate or on board

ship, the Germans reproach us with the assertion that

we must needs have recourse to all sorts of compli-

cated and awkward machinery in loading, while in

their case a simple pulley or crane is all that is necessary.

Either, say they, we must expose our gunners through

the open port when loading, or, as in the case of the

Thiindcrc>\ rely blindly on hydraulic apparatus to work
the guns for us. So stands the question

;
perhaps the

present war will bring us a solution of it.

H. Baden Pritchard

THE FORESTS OF PEGU
Preliminary Report on the Forest and otlier Vegetation

ofPegu. By Sulpice Kurz, Curator of the Herbarium,
and Librarian, Royal Botanical Gardens, Calcutta.

(Calcutta : C. B. Lewis, 1875.)

TNDIAN forest reports have of late years become as

-^ plentiful as the proverbial blackberries. The fre-

quent appearance of them is a consequence that might

be expected when we consider the wide range of coun-

try which comes under the supervision of the Forest

Department of India. So far as bulk or quantity of

printed matter is concerned, no one can say that these

forests arc not fairly represented in the Government
papers which appear in the course of a year, but the

quality of these reports is another question. They too

often contain merely the dry details of work carried on

during the year, and are interesting only to those imme-
diately connected with the special department from which

the reports emanate. Occasionally, however, a report is

issued which in reality is something more, containing

much valuable information on subjects connected with

forest conservancy, and amongst such Mr. Kurz's may be

classified. It is, in fact, rather a description of the vege-

tation of Pegu, to which are added appendices occupying

quite two-thirds of the whole bulk of the volume. Taking

the actual report itself, which, as indicated in the title, is

of a preliminary character, the matter in which will be

worked out in Mr. Kurz's forthcoming book, we find it

divided into two parts, first, the " General Report," and

second, the " Special Report." The general report is

again divided into two sections

—

(a) A general aspect of

the country, its geological and climatological features, in

connection with the flora, (b) A botanical description

of Pegu, with special reference to its forests. After a very

brief topographical sketch of Pegu, Mr. Kurz considers

the geological aspect of the country from a botanical

point of view, which, unlike that of the true geologist, is

not to consider the age of the rocks, &c., but simply their

extent and quality, from which inferences may be drawn

of the vegetation found growing upon each formation.

The geology of Pegu is described as being very simple

and uniform, the hills being composed solely of sand-

stone, skirted at their base by a strip of diluvium, " inter-

rupted by a deeper or shallower alluvium wherever

choungs come down from the hills, and succeeded by the

vast alluvial plains, through which the Irrawaddy and

Sittangflow." The laterite formation is described as being

of the highest importance in the various floras of India.

The term laterite, as generally used by foresters in Bur-

mah, comprises several heterogeneous rocks and soils, all

characterised by a more or less ferruginous appearance,
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but really connected in no other way than that they are

all permeated by hyperoxide of iron. '• No other forma-

tion," Mr. Kurz writes, '' except metamorphic and vol-

canic ones, can boast of such a variety of species, in

spite of its apparent sterility, as laterite. It is this rock

that affects vegetation so much that the great difference

between the floras of IMalacca, Borneo, Sumatra, &c.,

on the one hand, and that of Java on the other side, is

produced. It is also this formation which allows so many
Australian genera, like Melaleuca, Backca, Tristania,

Leucapogoti, (S:c., to spread so far to the north-west, some

of which, like Tristania, spread as far north as the

Ava frontier. If all laterite plants were to be erased

from a list of the plants of Pegu proper the flora would

be rendered very uninteresting indeed."

The seasons of Pegu seem to be similar to those of

Lower Bengal ; the cold season, however, is shorter, and

the hot, dry, as well as the rainy seasons, are earlier by a

month than in Calcutta. The dry season ranges from

about December to April, the cold part of which termi-

nates usually, and sometimes, abruptly about the end of

February ; during this period the thermometer rarely

rises above 88" in the shade, sinking as low as 57°

and sometimes to 55° and 54' before sunrise. Heavy

dews prevail and fogs are plentiful in the early hours

of the day, the after parts of which are clear and

bright. During this season rain is almost unknown.

The hot part of the dry season comprises the months

of March and April, during which time, chiefly in

the former month, an occasional heavy thunderstorm

moderates the intense heat. In the early part of May
the regular monsoon rains, which cease during Novem-

ber, set in. The thermometer, during the hot season

rises rapidly to 95° and 100° in the shade. The nights,

however, are cool and refreshing. In the hottest province

of the country, at the height of the season, the thermo-

meter never registered above 74" before sunrise. Great

heat and dryness prevails in the open country, and on the

ridges, " while in the narrow valleys of the eastern slopes

of Yomah, and in the Martaban hills, where evergreen

forests skirt the streams, dew often falls so heavily, that

one becomes quite wet when marching in the early

mornings through the herbage along their bank. But

after an ascent of 100 or 200 feet, wc meet with the same

dryness again in the deciduous forests, as in the open

lands. It is here that we can almost every morning

observe a white sheet of vapour in the depths of the

valleys, resting on the forests, which enables us to appre-

c'ate clearly the role which evergreen forests play in the

attraction of the currents of vapour."

The foregoing abstracts will serve to show the nature of

Mr. Kurz's report, a good deal of which is interesting. It

might, however, have been considerably condensed with-

out losing any of its value, indeed its value would have

been much enhanced.

Whatever advantages or disadvantages Burmah may
present to travellers generally, to a botanist the advantage

nnist be very great in having specimens ready gathered,

and only requiring to be picked up, for we are told that

owing to the extreme violence of the gales which prevail

at the end of April and the beginning of May, the amount

of old trees, branches, &.Q., thrown down is often astound-

ing, offering an easy and fruitful harvest of specimens of

woody plants, otherwise quite out of reach on account of

their height. At other seasons apes and squirrels are

most useful agents for procuring flowers and fruits of

lofty trees. Another advantage is that in the cold season

there is an absence of mosquitoes. Space will not allow

us to do more than mention the appendices which we
have before referred to. In the introduction to the first,

which is a list of Burmese trees arranged in their natural

orders, with brief remarks as to the quality and appear-

ance of the wood, &c., we are treated to some remarks
on the value or otherwise, of native names of plants. Mr.
Kurz says, " there are still very respectable botanists and
practical men who look upon native names for plants as

something absolutely reliable, some even believe that

native names are preferable to scientific ones, because the

former are permanent, and are not altered from one day to

another, as is the case in science." Our own experience

is that while a native name, is often a great help to the

accurate determination of the genus or species, it is, on
the other hand, often a delusion and a snare, for it fre-

quently occurs that the same name is applied indiscrimi-

nately to plants even of distinct natural orders. This,

perhaps, is not so much the case with Indian plants as

with plants from other countries. Mr. Kurz points out

the difficulty that must always present itself in India,

where the same plant is known in different localities by
different names, whereas the scientific name would be
identical all the world over, or if not actually identical,

certainly traceable. This lengthy report concludes with

some extracts from the author's journal of his tours. It

is illustrated with a sketch map of Pegu, and two plates of

a new genus Ahxyodendron, named in honour of Lord
Mayo, and one of the appendices contains a botanical des-

cription of this plant.

INFLUENCE OF CLIMATE ON PULMONARY
CON^ UMPTION

Iiifliteiuc of Climate in the Prevention and Treatment oj

Pulmonary Consumption. Lettsomian Lectures for

1876. By Charles Theodore Williams, M.A., M.D.,

Oxon. (London ; Smith, Elder, and Co., 1877.)

'"T^HE fact that consumption is the great destroyer of

*- men and women in the prime of life, nearly one-

eighth of all the deaths which occur being due to it,

is more than sufficient to warrant any amount of

minute and patient inquiry which might result in the

prevention and more successful treatment of this terrible

disease. Dr. Williams treats the subject in its climatic

relations, and gives what is, in many directions, an

elaborate and able discussion of a large amount of fresh

data adduced with reference to the therapeutic action of

British, Mediterranean, African, Indian, Australian, sea-

voyage, and other climates, differing widely from each

other as regards temperature, humidity, elevation, and

exposure to sudden changes of weather. In concluding

the inquiry he draws some valuable conclusions as to

those patients who ought to winter abroad, and those on

the other hand who may remain at home, those who are

most likely to be benefited by sea-voyages, and those

most benefited by dry climates, and how far the tempera,

ture and elevation is to be taken into account. The

question of moist climates, whether hot or cold, is also
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examined with the view of ascertaining whether such

chmates are desirable at all for consumptive patients.

The results would have been rendered even more valu-

able if the author had availed himself more freely of

the labours of others who have written on the same

subject.

But it is the remarkable conclusion arrived at regard-

rg the winter climates of the south of England which

arrests attention. This conclusion is that Torquay,

Bournemouth, Ventnor, and the whole of the western

end of the English Channel possess climates less be-

neficial to consumptive patients than are the climates

of Hastings, St. Leonards, and the eastern end of the

Channel ; and it is thence inferred " that it is the

stronger influence of the Atlantic warm current and its

accompanying winds on the shores of Devonshire and

Cornwall, which though it raises their winter temperature

many degrees, clothing their hillsides with verdure and

causing what would otherwise be waste places to bloom

with rare exotics, deprives them of the stimulating and

bracing influence which is possessed by the less beau-

tiful shores of Sussex with its breezy downs and colder

winter climate."

It may be doubted if the facts warrant this very broad

conclusion. It has been shown by Buchan and Mitchell

in their discussion of the weather and mortality of

London, published in Joitr. Scot. Meteorol. Soiiiiy,

vol. iv., p. 205, that the three periods of the year

most fatal to consumptive patients are November and

the firsthalf of December, when the temperature is rapidly

falling and is at the same time low ; in January when the

temperature falls to its annual minimum ; but chiefly from

March to about the middle of June, when the air is driest.

Now these results, which are based on the enormous popu-

lation of London and the long period of thirty years, would

have led to the expectation that the winter and spring

climate of Torquay was certainly not less beneficial to

consumptive patients than that of St. Leonards.

It seems not improbable, from an examination of the

whole facts, that the discrepancy may be accounted for

by the comparatively small number of patients whose

cases have been discussed by Dr. Williams, viz., 243, of

whom 100 were under medical treatment at Torquay,

58 at Ventnor, 57 at Hastings, and 20 at Bournemouth,

and to an important point missed in the discussion, viz.,

the very different types of weather which have prevailed

in the different years and the varying mortality from con-

sumption attending on these types of weather. It is in-

dispensable in such a discussion that tabular statements

be prepared, showing the number of patients under

medical treatment for consumption at each place during

each month of each year, and the lesults of the treatment

as respects each patient, in order that the results may be

compared with the meteorology of the place and year to

which they refer. Till this be done we cannot be said to

be in a position to make any comparative statement of

the therapeutic effects on consumptive patients of the

climates of the different sanatoriums of the south of Eng-

land ; it being evident, for instance, that the relatively hi^h

position of Hastings as a sanatorium for consumption

may be wholly due to a chance excess of patients sent

there during exceptionally mild seasons, and the relatively

low position of Bournemouth to the mere accident of one

or two consumptive patients more than the average bein^

there in a particular season when the weather happened

to bo peculiarly severe.

OUR BOOK SHELF
Annals of the Astronomical Observatory of Harvard

College. Vol. xiii.

We must congratulate the authorities of Harvard College

on the publication of the Annals of the Observatory.
The volume is the result of a large portion of the work of
the institution during the time that it has been without a
director, since the death of Prof. Winlock in June 1S75.

An account is given of the several funds available for

purpose of publication, and then follow the biographical

notes of W. C. Bond, G. P. Bond, and J. Winlock, the

several directors since the foundation in 18 15. We then
come to the details of the instruments in use and plans

of the observatory and grounds. The work done from the

year 1855 appears to have been chiefly the measurement
of binary stars, transit observations, investigation of lunar

phenomena, drawings of nebula, photographs of the sun,

and spectroscopic observations, the latter consisting

largely of the examination and drawing of the chromo-
sphere. In Part II. we find some thirty-four exquisitely-

finished plates depicting the results of the foregoing

observations, published at the expense of the Bache fund.

These were made by or under the direction of the late

Prof. Winlock. It seems a pity that the authorities do
not publish from time to time a selection of these papers
on special subjects. Part II. would be widely bought by
astronomers if its contents were given separately, and the

plates, which are, perhaps, the finest accessible, were
practically not buried in an odd volume of a lengthy

series of " annals."

Culiivalcd Plants; their Propagation and Improvement.
By F. W. Burbidge. (Edinburgh and London : William
Blackwood and Sons.)

That Mr. Burbidge possesses the pen of a ready writer

no one can deny when it is borne in mind that in a very
short time he has produced several books on horticultural

or gardening subjects. His ' Domestic Floriculture,"

published by the same firm as the present volume, was,

up to that period, the best of his productions ; for though
it v.'as not of a scientific character, it was of a nature

calculated to elevate window gardening from the mere
habit of simply allowing a few ordinary plants to struggle

for an existence through adverse circumstances to a sys-

tem in which all might take an interest.

The present volume is one of a different character

from any of those which have preceded it. Mr. Bur-

bidge, in fact, says in his Preface that the primary inten-

tion of the book was as a popular handbook on plant

propagation and improvement, with a hope also that it

might " serve young gardeners as a stepping-stone to

works of a higher scientific character, and more espe-

cially to those of Charles Dar.win." Nevertheless, the

chapters or sections devoted to " Hybridising and Cross-

breeding," '' Natural FertiUsation and Cross-breeding,"

and " Artificial Fertilisation and Cross-breeding," will be
useful as bringing together from various and widely

scattered sources, what has been done in these cognate
branches of scientific research. In these sections we
think Mr. Burbidge has done his work well, the refer-

ences to the quotations being fully given not only to

English but also to French and German works.

The great bulk of the volume is devoted to a " General
review of some of the most popular groups of cultivated

plants, with notes on their propagation and natural affini-

ties." In this the arrangement of the orders is somewhat
novel, for instead of being classified in a scientific man-
ner they are placed alphabetically. The habits and pecu-
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liarities of the principal plants in each order are briefly

described as well as their economic uses, together with
notes on the most general method of propagation.
The book will no doubt meet with a wide circulation

;

the chapters on propagation, grafting, and budding, being
of a practical character, will be useful to other readers
besides those of a purely scientific turn. As a further
illustration of this we may point to the chapter on Seed-
saving, in which we are reminded of the excellence of the
produce of the Continental seed farms, especially those
of Erfurt, which are noted for their Primulas, Stocks,
Balsams, Asters, &c. ; we are also told that the seed of
such common plants as Cineraria and Calceolaria is,

when of a " good strain,-" worth from 10/. to 15/. per
ounce, and Primula serds even more. The book has a
good index, always a special point of value in one in-

tended for reference.

LETTERS TO THE EDITOR
\Tlie Editor does not hold Inmsclfresponsible for opinions expressed

by his eorrespondents. Neither can he undertake to return,
or to corrcipond with the writers of, rejected manusciipts.
No notice is taken of anonymous communuations.

The Editor urgently requests correspondents to keep their letters as
short as possible. The p-essure on his space is so great that it

is impossible otherwise to ensure the appearance even of com-
munications containing interesting and novel facts.']

The " Hibernation " of Birds

I TRUST your correspondent " X " will not object to my point-
ing out that the " hibernation " story which he retails in Natup,e
(vol. xvi., p. 43) has in common with dozens, not to say scores, of
others, the delect of being delivered at second-hand, without
even the slightly confirmatory evidence which the name of the
observer of the marvel and of the place where it occurred would
supply. As such it may surely be dismissed to the limbo of (I

will say) legends. That which has been furnished by the Duke
of Argyll (vol. xv., p. 52S) rests on a better base, and is almost
the first I have met with for which a respectable man vouches.
Far be it from me to deny the possibility of a miracle being
wrought in Persia, but I confess that without impugning Sir

John McNeill's veracitv, I simply refuse to believe the story
except I regard as miraculous the incident he relates. Now there
is a common supposition that miracles are only performed with
some worthy end in view, and, moreover, that unle.ss a miracle
is recognised as such by the witnesses thereto its effect is nullified.

This supposition may, however, be wrong, lor it is hard to con-
ceive what may have been the end of this miracle, and its super-
natural quality is clearly not acknowledged by the distinguished
persons present. One would find greater satisfaction, per-
haps, if the Duke of Argyll had expressed his belief in it, but
he contents himself with saying that he had " frequently heard"
his brother-in-law relate the circumstance. The identity of this

phrase with that said to have been used by another great man on
another occasion is vary striking, and since the story, though
old, is short, perhaps you will let me tell it. I have heard that

King George IV., some years before his death, was strongly

possessed with the notion that he had been present at the battle

of Waterloo. Once as he was recounting his personal adven-
tures on that eventful day, he perceived some uncourtly sign of
incredulity shown by one of his audience. Turning to the late

Duke of Wellington, who was of the company, he appealed to

him— "Isn't that true, Arthur?" The adroit reply was—" I

have irequently heard your Majesty say so."

May 19 The Reviewer of Palmiln's Work

Barlow's and Laslett's Determination of the Elasticity
and Strength of Timber

On comparing the results of Mr. Barlow's determination of
the modulus of elasticity of Teak timber, given in his " .Strength

cf Materials," p. 82, sixth edition, with the results of different

Uutch investigators on Djati timber of Java, I was struck by
the great dilfetence between those results, those of Mr. Barlow
being very much higher than the others, though leak of British

India and Javanese Djati are merely different names for the same
species, Tectona grandis, L., of the family VerbenaceiE. My
own experiments, which will, I hope, be afterwards published

in my inaugural dissertation, show also the complete identity
between Teak and Djati. This led me to detect a serious errorm Mr. Barlow's calculations. He measures the deflection pro-
duced by a certain weight of a batten 7 feet by 2 inches square,
supported at both ends on two props, the bearing distance being
6 feet, as is stated on p. 67 in the general description of his
arrangements. The value of E is found in this case by the
formula

—

E=Jl2^
l6ad'' 5

in which / is the bearing distance ; in the case of Mr. Barlow,
equal to 6 feet. Now all Mr. Barlow's £ 's are calculated by
introducing / = 7 feet instead of / = 6 feet, as should be ; the
consequence is that all those values are too great. So for Teak
timber the value of £ is found to be = 603,600 lbs., while the
true value is £ = 380,023 lbs. on the square mch. Also in the
formula for the strength

—

€•_ i ''"

^ 4adi

I is the bearing distance, Mr. Barlow calculates .J = 2,462,
taking / = 7 feet, the real value being S = 2,1 10-5 for / -
6 feet.

Mr. Thomas Laslett, in his "Timber and Timber-trees"
(London : Macmillan and Co., 1S75), following the arrange-
ments of Mr. Barlow, commits the same error. On p. 42 he tells
us that in all his experiments pieces were taken 2" x 2" x 84" =
336 cubic inches, and that each piece was placed upon supports
exactly 6 feet apart. But for / is taken, instead of the bearing
distance 6 feet, the whole length 7 feet. So all the numbers for
the moduli of elasticity of the different woods calculated by Mr.
Laslett are too great in the proportion j" : 6^, and the numbers
for the strength in the proportion 7 : 6.

The reduced values for E from Mr. Laslett, namely, E =
362,870 and E = 305,876, and that from .Mr. Barlow, E =
380,023, agree tolerably well with the mean resuUs of Dutch
investigators, £ = 404,210, and much better than does tlie un-
corrected value, E = 555, iSo. Other determinations of the E
of Teak timber are not known to me.
The results of Mr. Barlow were already published in the year

1S17. Since that time several editions of this valuable work have
appeared ; in the year 1S67 the sixth edition, revised by his two
sons. General Morin gives in his " Resistance des Materieux "

all the results of Mr. Barlow on timber, reduced to metric
weights and measures. Also MM. Chevandier and Wertheim, in
their " Memoire sur les Proprietes Mecaniques du Bois." It is

scarcely to be believed that none of these eminent men, nor any
one else, have remarked this error in the calculation of Mr.
Barlow's often used numbers. S. FiGEE
Haarlem, Holland

Basking Shark

I THINK it but just to Prof Bocage to ask you to publish the
inclosed letter, which only reached me on the first of this month,
owing to its having been sent to a wrong address. I regret that
I overlooked Signor Capeilo's memoir on Selache maxima, which
was so plainly indicated in the Zoological Record for 1869. I
had, indeed, the " Catalogo dos peixes de Portugal que existem
no Museu de Lisboa, por F. de Brito CapeUo," which was pub-
lished in No. vi. of the Lisbon Journal of Science ; but No. vii.,

which the author (whose kindnesses to me when at Lisbon, iii

186S, I cannot forget) sent to me, I never got, and hence one
cause of my oversight. E. Perceval Wright

Trinity College, Dublin

Lisbonne, le 14 fevrier, 1S77
Monsieur et honor^ Confrere,—Dans I'article que vous

avez pubUe dans la Nature sur le " Basking Shark," vous aver,
comme le Professeur Paul Gervais et d'autres, attribue a i\L
Steenstrup la decouverte des appareils tamisants ou fanons
branchiaux du squale pelerin ou Sijualus maxtmus. Si vous
vous donnez la peine de consulter No. vii. du Journal des
Sciences Math., Phys. et Nat. de Liibonne, vous y trouverez a
p. 236, la description de cet appareil ; vous trouverez cgalement
ces appareils figures sur la planche qui accompagne cet article
et qui contient aussi la figure du poisson. La description et la
figure des appareils branchiaux ou des fanons branchiaux du
Si], maxtmus (et des especes congeneres) ont c-tc- done publics
par M. CapeUo, aide-naturaliste au Mu»eum de Lisbonne, en
aout de l!)69

; c'est-a-dire 4 ans avant la pubhcation de I'article
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de M. Steenstrup. Si vous consultez le Record of Zoological
Literature ^owx 1S69 (vol. vi.), vous y trouverez, p. 139 :

—

" Selache mi.xima.—A detailed description and figure of an
example from the coast of Portugal is given by M. Capello
under the name of Cetorhinus hlainvillii, Jour. Ac. Sc. Lisbon,
No. vii,, p. 233."

Je vous envoie par la poste le No. vii. du Jour, des Sc. de
Lisboitne.

J. N. Barbosa Bocage

Gold in Carboniferous Conglomerate

Many of your readers are aware that the fact of the occurrence
of gold in Lower Carboniferous conglomerate as in New South
Wales is not at all new. The Gay's River (iold Field of Nova
Scotia, where the gold occurs in Lower Carboniferous conglo-

merate resting on the edges of Cambrian slates having small
veins of auriferous quartz, was first pointed out by Prof. Hartt
and elaborated by myself in a paper communicated to the Nova
Scotian Institute of Natural Science in 1S66. In Dawson's
" Accadian Geology," of 1S68, the same fact is referred to; also

In Seluria, Prof. R. Jones received specimens of the conglo-
merate from me in Paris, 1S67, to satisfy Sir R. J. Murchison
of the fact. In the collection of ores and concrete minerals sent

by H. S. Poole, Esq., Government Inspector of Mines to the
Centennial Exhibition, in my charge, was a very instructive

specimen of slate with a little of the conglomerate attached,

having a beautiful display of gold. This was much admired.
The conglomerate of Gay's River is overlaid by limestone with
Lower Carboniferous fauna and gypsums. The conglomerate is

worked still with good results. D. IIoneyman
Provincial Museum, Halifax, Nova Scotia

Japanese Mirrors

A SHORT time ago a friend showed me a curious effect, which
I had previously heard of, but had never seen. The ladies of

Japan use, in making their toilet, a small round mirror about jlj

to -5 inch in thickness, made of a 1-ind of speculum metal, biighily

polished and coated with mercury. At the back there are usually

various devices, Japanese or Chinese written characters, badges,

&<;. , standing in strong relief, and brightly polished like the front

surface. Now if the direct rays of the sun are allowed to fall

upon the front of the mirror and are then reflected on to a screen,

in a great many cases, though not in all, the figures at the back
will appear to shine through the substance of the mirror as

bright lines upon a moderately bright ground.

I have since tried several miiTors as sold in the shops, and in

most cases the appearance described has been observed with
more or less distinctness.

I have been unable to find a satisfactory explanation of this

fact, but on considering the mode of manufacture I was led to

suppose that the pressure to which the mirror was subjected

during polishing, and which is greatest on the parts in relief, was
concerned in the production of the figuies. On putting this to

the test by tubbing the back of the mirror with a blunt pointed
instrument, and permitting the rays of the sun to be reflected

from the front surface, a bright line appeared in the image cor-

responding to the position of the part rubbed. This experiment
is quite easy to repeat, a scratch with a knife or with any other
hard body is sufficient. It would seem as if the pressure upon
the back during polishing caused some change in the reflecting

surface corresponding to the raised parts whereby the amount of
light reflected was greater ; or supposing that of tlie light which
falls upon ihe surface, a part is absorbed and the rest reflected,

those parts corresponding to the raised portions on the back are

altered by the pressure in such a way that less is absorbed, and
therefore a bright image appears. This, of course, is not an
explanation of the phenomenon, but I put it forward as perhaps
indicating the direction in which a true explanation may be
looked for.

The following account of the manufacture of the Japanese
mirrors is taken from a paper by Dr. Geerts, read before the

Asiatic Society of Japan, and appearing in their Transactions for

1875-76, p. 39—
' For preparing the mould, which consists of two halves, put

together with tlieir concave surfaces, the workman first powders
a kind of rough plastic clay, and mixes this with levigated

powder of a blackish " tuff-stone " and a little charcoal powder
and water, till the paste is plastic and suitable for being moulded.
It is then roughly formed by the aid of a wooden frame into square
or round cakes ; the surface of the latter is covered with a levi-

gated half-liquid mixture of powdered " chainotle" (old crucibles
which have served for melting bronze or copper) and water.
Thus well prepared, the blackish paste in the frame receives the
concave designs by the aid of woodcuts, cut in relief. The two
halves of the mould are put together in the frame and drtefl.

Several of these flat moulds are then placed in a melting box
made of clay and "chamotte." This box has on the fop an
opening, into which the liquid bronze is poured, affei itlia$been
melted in small fire-proof clay crucibles. The liquid metal
naturally fills all openings inside the box, and consequently also
the cavities of the moulds. For mirrors of first quality the fol-

lowing metal mixture is used in one of the largest mirror
foundries in Kioto :

—

Lead ... 5 parts.

Tin 15 ,,

Copper ... ... ... ... ... So ,,

For mirrors of inferior quality is taken

—

Lead
Natural sulphide of lead and antimony
Copper ... ... ... ... ... So

" After being cooled the melting-box and moulds are crushed
and the mirrors taken away. These are then cut, scoured, and filed

until the mirror is roughly finished. They are then fir^t polished
with a polishing powder called to-no-ld, which consists of the
levigated powder of a soft kind of whetstone {to-ishi) found in

Yamato and many other places. Secondly, the mirrors are
polished with a piece of charcoal and water, the charcoal of the

wood, lio-no-ki {Magnolia hypoleuca) being preferred as the

best for this purpose. When the surface of the mirror is well
polished it is covered with a layer of mercury amalgam, con-
sisting of quicksilver, tin, and a little lead. The amalgam is

rubbed vigorously with a piece of soft leather, which manipula-
tion must be continued for a long time until the excess of mercury
is expelled and the mirror has got a fine, bright, reflecting

surface." R. W. Atkinson
University of Tokio, Japan

THE DECENNIAL PERIOD OF MAGNETIC
VARIATIONS, AND OF SUN-SPOT FRE-
QUENCY

A CENTURY and half ago Graham discovered that

the north end of a magnetic needle moved from
mornin;^' till afternoon towards the west, retttrnlng there-

after to its most easterly position in the morning again.

Van Swinden, who, half a century later, studied this

phenomenon during several years, occupied himself
greatly with the deviations froin the diurnal law. One of

these, the occurrence of the greatest westerly position

before noon or after 4 p.:\i., he found to happen most
frequently in 1776, the number of times increasing from
1772, and diminishing from the year of maximuifi till

17S0. He then asked the question whether there was
not a period of cigiit years. \^an Swinden's results were
greatly affected by imperfections of his instrument, and
we can only consider that tire excess of irregular days in

1776 was probably chiefly due to real causes.

Though several series of magnetic observations were
made during the eighteenth century, and two series early

in this (those of Beaufoy and Arago), yet, as far as 1 can
discover, Kaemtz seems (in 1836) to have been the first to

remark that the mean value of the diurnal oscillation of
the magnetic needle was not constant, but varied from
year to year : this conclusion he founded on Cassini's

observations, which gave the mean oscillation 9'7i in

17S4, and i5''io in 1787. The illustrious Gauss drew
more distinct attention to the fact, for, in studying the

observations made at Gottingen in the years 1834 to 1837,
he pointed out that the mean diurnal oscillation for each
month in the second year was greater than that for the

corresponding month of the tirst year ; and that a similar

increase was to be found in the third year compared with
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the second. This increase Gauss did not think could
go on long, and he predicted that by continuing the

observations for several years, an oscillation in the mean
value would present itself. It is not a little curious that

in discussing the Gottingen observations for the ne.xt

three years. Dr. Goldschmidt should have failed to remark
that the maximum was attained in 1S37, and that there-

after the mean diurnal oscillation was diminishing. This
was reserved for Dr. Lamont, the distinguished astronomer
of Munich, who, in the end of 1S45, by adding the mean
oscillations obtained from his own observations in 1842-

1845, to those already found for the preceding years at

Gottingen, was able to state that the minimum was then
attained, but that a longer series of observations was re-

quired, in order to determine the law of the oscillation.

It was only in the end of 1851, when the maximum
oscillation (which occurred in 1S48-49) was decidedly

past, and the mean oscillation had again begun to dimi-

nish in value, that Dr. Lamont published his conclusion

that the diurnal oscillation of magnetic declination (as

well as of magnetic force) obe\ed a law whose mean
duration was nearly lol years. For the determination of
this mean he employed the epoch of maximum oscilla-

tions shown by Cassini's observations in 1787 (already

noticed by Kaemtz), and he assumed that there were six

periods from that date till 1849.
Schwabe had previously, from his persevering observa-

tions of the number of spots on the sun's surface, arrived

at the conclusion that these obeyed a decennial law, so
that the number was a maximum in 1S28, 1837, and 1848,
while it was a minimum in 1833 and 1S43. The agree-

ment of the epochs, 1843 and 1848, with those of mini-

mum and maximum magnetic disturbance deduced by
Sir E. Sabine froui the observations made in the colonial

observatories, was at once remarked by him, as well as
that of Lamont's epochs with those of Schwabe.
This coincidence was also immediately afterwards, and

quite independently, brought to public notice by Dr.
Wolf, of Bern (now of Zurich), and M. Gautier, of
Geneva. It is, however, with the important labours of
the former of these philosophers that we are most con-
cerned. Dr. Wolf began at once a systematic search for

observations of sun-spots, and examined hundreds of

volumes printed and in manuscript, dating from the first

discovery of the existence of spots on the sun's surface.

All the observations thus accumulated he has endeavoured
to connect and to reduce to a common unit; and from the

numbers thus obtained he has concluded that the sun-
spot period, as well as that of the magnetic variations,

occupies on the average ii\ years.

One great cause of the difference between the results

of the Munich and Zurich astronomers is to be found in

the interval 1787 to 1818. According to the former,

three periods oiig/ii to have occurred in this interval

;

according to the latter, only one maximum happened, i?i

fact, between the two of 1787 and 18 iS. Dr. Wolf has
concluded, from the magnetic observations of Gilpin

(1786-1806), that a minimum of the diurnal oscillation of

the magnetic needle occurred in 1796, and a maximum
in 1803, and these epochs he bas supported by the

observations of the numbers of sun-spots, as well as of

those of the aurora borealis, a phenomenon known to be
associated with magnetic disturbance, and to have the

same epochs of frequency. On the other hand. Dr.

Lamont has maintained that Gilpin's observations are

without value, as his needle was supported on a steel

pivot, and sometimes did not move freely ; he has also

objected to the observations of sun-spot frequency made
during the time in question, that they were made rarely,

without any common system, and by few observers, some
having at times seen no spots when others saw many.

If we could assume with the astronomer of Munich
that Gilpin's observations and those of sun-spot and
auroral frequency made at the same time are worthless,

all our knowledge of the epochs of magnetic oscillations
since 18 18, and of sun-spot frequency since 1836, would
induce us to conclude that there were really three periods
during the thirty-one years 1787-181S. If, however, any
value can be given to the observations during that inter-
val, it is not allowable to assume that the durations of the
periods have always been the same, the more especially
that we know the period has varied in length from eight
to twelve years within the last half century. That some
value is due to observations of three different phenomena
has been allowed by most writers, and Dr. Wolf's period
of II J years has, in consequence, been accepted by many
of the most eminent men of science who have had occa-
sion to allude to the subject.

Having had to study this question in connection with
the results of observations made during twenty-three
years at Trevandrum, I have examined with care the
magnetic observations of the last and the present cen-
tury, determined the exact times for which the yearly
mean diurnal oscillation of the magnetic needle was a
maximum or minimum, and have arrived at the following
conclusions :

—

'

ist. That there are not sufficient grounds for rejecting
the observations of Gilpin, which appear to be in general
trustworthy as regards the change of mean position of the
needle from year to year, and of the diurnal range from
winter to summer.

2nd. That these observations should, according to the
mean law, show a maximum near 1797, and another
should have occurred near 1S07. I have found that they
do indicate a maximum in the former year ; and though
another maximum appears in 1803, that there are grounds
for believing the maximum may really have occurred after

1S06, when Gilpin's series terminated.

It has to be stated, however, that the maximum shown
by Gilpin's observations in 1797 is very small ; that the
whole interval between the preceding and following mini-
mum is not six years ; and that no such short period and
small maximum have been observed during the last half
century. Since, however, the shortness of the period and
the smallness of the maximum are both confirmed by the
observations known to us of the frequency of sun-spots
and of the aurora borealis, I can only conclude, in con-
formity with the facts, that both these were real pheno-
mena, which may yet be repeated and aid in the deter-

mination of the cause of the decennial period. The mean
duration of the period at which I arrive is therefore

almost exactly that which Dr. Lamont had previously
obtained, or io'45 years.

For this result the facts have been taken as they present
themselves ; since it would be difficult to conclude that

the observers of all the three phenomena could have erred

in the same way during nearly twenty years. In addition

t J this, after a careful study of Dr. Wolf's sun-spot numbers,
I find it impossible to accept his period of 11 J years.

How ill the facts satisfy this result may be shown by two
comparisons in which the epochs accepted by the Zurich
astronomer are employed.
Thus a maximum of the magnetic oscillation occurred

in 1787 by the observations of Cassini and Gilpin ; this

epoch has been confirmed nearly by Dr. Wolf's sun-spot

numbers, and by Prof. Loomis for the auroral frequency.

We have then the last observed maximum 18709, about
which there can be no doubt. In the interval between
these two maxima there were, according to Dr. Wolf, only

seven periods, consequently we have

—

1870-9— 1787-3 ^ ?,yG

7 7

-- 1 1 -y4 years,

a period which differs as much from his mean period as

that does from Dr. Lamont's. If on the other hand we
take one of Dr. Wolf's sun-spot epochs about eighty years

' See "On the De
pp. 563-594-

.\1 Period," &c., rnv:s. Roy. Sot. Etf//r., xwil,
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before 1787, and employ the number of periods he has
hir.iself given for the interval, we find

—

I787-3-I705-5 _ Si -8
iO'23 years.

If, then, we commence with the epoch of 17S7 and
compare it with any epoch of maximum since, we shall

always find for the mean duration at the least 1 1 '9 years

according to Dr. Wolf; and if we compare it with any
of the epochs given by him upwards of eighty years before,

we shall never find a greater mean than 1075 years, and
this result includes an interval of 172 years before 1787,

with all the uncertainty of the earlier epochs. This great

difference of more than one year in the mean duration, as

derived from eighty-four years after 1787, and eighty-two

to 172 years before, disappears to a great extent if we
admit three periods iDetween 1787 and 1818.

It has been already remarked that the duration of a
period is not constant, but varies within certain limits.

The question naturally presents itself—Does this variation

follow any law, or is it accidental, increasing one year and
diminishing the next ? The number of periods for which
we have the epochs of maxima and minima of the diurnal

oscillation of the magnetic needle accurately determined,
is not sufficient for any very sure reply. At the same
time the results I have obtained indicate a period of

nearly forty-two years for the repetition of the variations in

question ; and if this conclusion is confirmed by next maxi-
mum, that should occur in the year 1879. It may also be
pointed out that according to the law of forty-two years
a maximum should have occurred in 181S-42 = 1776.
Now this year, according to Dr. Wolf, was a year of mini-
mum. The variation of his sun-spot numbers for that
period, it appears to mc, is not sufficient to give his con-
clusion much weight ; while, on the other hand. Van
Swinden's result, which it is extremely probable was
a consequence of the decennial law, gives 1776 for the
year of maximum ; and that it was so is further sup-
ported by the magnetic observations of Cotte, at Mont-
morency. The exceptional period about 1797 shows,
however, that any definite conclusion from observations
during the last sixty years may be impossible, since causes
of variation exist with which we are insufficiently ac-
quainted as yet.

When we compare the mean range of tlie diurnal oscil-

lation of the needle for the year in which it is a maximum
with that for the year of minimum at any station, we find
that the ratio of the two is very nearly constant for places
so widely separated as Toronto, Dublin, Trevandrum, and
Hobarton. I have also found that the law of the diurnal
movement is the same in the year for which the range is

least, and in that for which it is greatest. This shows
that it is the same cause which is acting, the variation
being one of intensity only. Since few or no sun-spots
are visible in the years of minimum range, we perceive
that the sun-spots happen only when the intensity of the
force producing the magnetic variations exceeds a given
value. It also appears that considerable variations in the
amount of magnetic disturbance may exist near the equa-
tor when there are few or no sun-spots ; and, on the other
hand, that the spotted surface of the sun may be a maxi-
mum, and no corresponding increase of the magnetic
oscillations be visible. The latter are, however, excep-
tional cases, since increases of sun-spots and of magnetic
movements occur frequently near the same time ; the
.'ncrease of the one, however, bears no constant propor-
tion to that of the other.

It has been already stated that the ratio of the diurnal
oscillation of the needle in the year of maximum to that in
the year ofminimum is very nearly constant for places very
widely separated from each other ; there are, however,
slight variations in the ratio shown at some places ; thus,
although it is nearly the same at Toronto, Dublin, Trevan-
drum, and Hobarton (I'SS), it is sligiitly greater for Munich

and Lisbon (171). This is probably due to the action of
disturbances which are known to obey local laws. I have
also found for Trevandrum, nearly on the magnetic equa-
tor, that the disturbances, or the deviations of the mag-
netic needle from the mean position, do not show exactly
the same epochs of maximum and minimum in the de-
cennial period when different hours arc considered. Thus,
though the cause is cosmic, the actions appear to be in-

fluenced, though but slightly, by circumstances of locality.

When we seek for the cause of the decennial period,
we are met at first by the three phenomena which obey
this law : the magnetic variations, the sun-spots, and the
aurora borealis. The connection between the first and
third is so marked, that if a magnetic disturbance com-
mences during the day in a high latitude, it is quite cer-

tain that the aurora will be seen as soon as the disappear-
ance of sunlight permits. This is a fact I have verified

during several years' observations in the south of Scotland.
Both these phenomena are results of electrical motions.
It did not seem improbable then that the solar spots
might be connected with disturbances of electrical equi-

librium, and that these might be due to the different

electrical states of the sun and of the planets.

We do not know, however, of any planet with a period
of ten and a half years, nor of any combination of planetary
positions which would produce such a period. My own
researches have failed in connecting the variations of the
sun's spotted surface with the time of revolution of any
planet by a law which holds for different decennial
periods. This fact, however, does not disprove a planetary
action. We are unacquainted with the nature of the
medium through which the electrical actions producing
the magnetic variations are conveyed. Physicists seek
to reduce the phenomena of nature to the fewest possible
factors : many then have been induced to believe that

electrical and magnetical actions are conveyed by the
same ethereal medium which we believe transmits heat
and light. The facts do not appear to be easily ex-
plained by such a hypothesis ; thus I have found that

certain electrical actions of the sun producing marked
diminutions of the earth's magnetic force happen exactly

at successive intervals of twenty-six days ; when one point
or meridian of the sun returns to the same position rela-

tively to the earth ; this action, similar to that of a beam
of light reflected from a revolving mirror, which illuminates

a particular point only at the same part of its revolution,

has no resemblance to that of light and heat, which are
propagated equally in all directions.

If, then, we can suppose that the electrical medium is

disposed unsymmetrically around the sun, that the dis-

position and extension varies, it is obvious that the sup-
posed planetary actions would also vary, and might be
quite different for different parts of their orbits, m dif-

ferent decennial periods. This suggestion may explain
why I have not been able to find a law remaining the
same in the different periods ; and it is not opposed to

the conclusions of Messrs. De la Rue, Stewart, and
Loewy, who have found very remarkable relations be-
tween certain positions of the planets and the amount of
the sun's spotted surface during a single decennial
period
Any hypothesis which seeks to explain the mode of

production of the sun-spots (by cyclones or otherwise)
must also explain why the causes become insulticient for

their production every ten and a half years. M. Faye,
the distinguished French astronomer, considers that the
prime cause of sun-spots is to be found in the excess of
heat radiated ; so that the spots are the symptoms of a
dying sun ; that we have in fact here a phenomenon like

the flickering of an expiring lamp which may have a
periodical character. Such a hypothesis will scarcely

satisfy the demands of science, but we must evidently

wait for more facts before any satisfactory theory can be
proposed. John Allan Broun
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HOW TO DRAW A STRAIGHT LINE^

'T~'HE great geometrician Euclid, before demonstrating
• to us the various propositions contained in his

" Elements of Geometry," requires that we should be
able to effect certain processes. These Postulates^ as
the requirements are termed, may roughly be said to

demand that we should be able to describe straight lines

and circles. And so great is the veneration that is paid
to this master-geometrician, that there are many who
would refuse the designation of " geometrical " to a
demonstration which requires any other construction

than can be effected by straight lines and circles. Hence
many problems—such as, for example, the trisection of
an angle—which can readily be effected by employing
other simple means, are said to have no geometrical
solution, since they cannot be solved by straight lines

and circles only.

It becomes then interesting to inquire how we can
effect these preliminary requirements, how we can de-

scribe these circles and these straight lines, with as much
accuracy as the physical circumstances of the problems
will admit of.

As regards the circle we encounter no difficulty.

Taking Euclid's definition, and assuming, as of course
we must, that our surface on which we wish to describe
the circle is a plane, we see that we have only to make
our tracing-point preserve a distance from the given
centre of the circle constant and equal to the required
radius. This can readily be effected by taking a flat

piece of any form, such as the piece of carboard I have
here, and passing a pivot which is fixed to the given
surface at the given centre through a hole in the piece,

and a tracer or pencil through another hole in it whose
distance from the first is equal to the given radius ; we
shall then, by moving the pencil, be able, even with this

rude apparatus, to describe a circle with considerable
accuracy and ease ; and when we come to employ very
small holes and pivots, or even larger ones turned with
all that marvellous truth which the lathe affords, we shall

get a result unequalled perhaps among mechanical ap-
paratus for the smoothness and accuracy of its move-
ment. The apparatus I have just described is of course
nothing but a simple form of a pair of compasses, and
it is usual to say that the third Postulate postulates the
compasses.
But the straight line, how are we going to describe

that? Euclid defines it as "lying evenly between its

extreme points." This does not help us much. Our
text-books say that the first and second Postulates pos-
tulate a ruler. But surely that is begging the question.
If we are to draw a straight line with a ruler, the ruler

must itself have a straight edge ; and how are we going
to make the edge straight 'i We come back to our start-

ing-point.

Now I wish you clearly to understand the difference

between the method I just now employed for describing a
circle, and the ruler method of describing a straight line.

If I applied the ruler method to the description of a
circle I should take a circular lamina, such as a penny,
and trace my circle by passing the pencil round the
edge, and I should have the same difficulty that I had
with the straight-edge, for I should first have to make
the lamina itself circular. But the other method I em-
ployed involves no begging the question. I do not first

assume that I have a circle and then use it to trace one,

but simply require that the distance between two points
shall be invariable. I am of course aware that we do em-
ploy circles in our simple compass, the pivot and the hole
in the moving piece which it fits are such ; but they are
used not because they are the curves we want to describe
(they are not so, but are of a different size), as is the case

' Lec»ure at South Kensington in connection with the Loan Collection of
Scientific Apparatus, by A. B. Kempe, E.A.

with the straight-edf;e, but because, through the impos-
sibility of constructing pivots or holes of no finite dimen-
sions, we are forced to adopt the best substitute we can
for making one point in the moving piece remain at the
same spot. If we employ a very small pivot and hole,
though they be not truly circular, the error in the descrip-
tion of a circle of moderate dimensions will be practically
infinitesimal, not perhaps varying beyond the width of the
thinnest line which the tracer can be made to describe

;

and even when we employ large pivots and holes we shall

get results as accurate, because those pivots and holes
may be made by the employment of very small ones in
the machine which makes them.

It appears, then, that although we have an easy and
accurate method of describing a circle, we have at first

sight no corresponding means of describing a straight

line ; and there would seem to be a substantial difficulty

in producing what mathematicians call the simplest curve,

so that the question how to get over that difficulty be-
comes one of a decided theoretical interest.

Nor is the interest theoretical only, for the question is

one of direct importance to the practical mechanician.
In a large number of machines and scientific apparatus
it is requisite that some point or points should move accu-
rately in a straight line with as little friction as possible.

If the ruler principle is adopted, and the point is kept in

its path by guides, we have, besides the initial difficulty of

making the guides truly straight, the wear and tear pro-

duced by the friction of the sliding surfaces, and the
deformation produced by changes of temperature and
varying strains. It becomes therefore of real conse-

quence to obtain, if possible, some method which shall

not involve these objectionable features, but possess the

accuracy and ease of movement which characterises our
circle-producing apparatus.

Turning to that apparatus we notice that all that is

requisite to draw with accuracy a circle of any given

radius is to have the distance between the pivot and the

tracer properly determined, and if I pivot a second
" piece " to the fixed surface at a second point having a
tracer as the first piece has, by properly determining the

distance between the second tracer and pivot I can
describe a second circle whose radius bears any propor-

tion I please to that of the first circle. Now, removing
the tracers, let me pivot a third piece to these two radial

pieces, as I may call them, at the points where the tracers

were, and let me fix a tracer at any point on this third or

trai'ersing piece. You will at once see that if the radial

pieces were big enough the tracer would describe circles

or portions of circles on theni, though they are in motion,

with the same ease and accuracy as in the case of the

simple circle drawing apparatus ; the tracer will not how-
ever describe a circle on 'Oix^fixed surface but a compli-

cated curve.

This curve will, however, be described with all the ease

and accuracy of movement with which the circles were
described, and if I wish to reproduce in a second appa-

ratus the curves which I produce with this, I have only to

get the distances between the pivots and tracers accu-

rately the same in both cases, and the curves will also be

accurately the same. 1 could of course go on adding fresh

pieces ad lihitum, and I should get points on the structure

produced, describing in general very complicated curves,

but with the same results as to accuracy and smoothness,

the reproduction ofany particular curve depending solely

on the correct determination of a certain definite number
of distances.

These systems, built up of pieces pointed or pivoted

together, and turning about pivots attached to a fixed

base, so that the various points on the pieces all describe

definite curves, I shall term " link-motions," the pieces

being termed " links." As, however, it sometimes facili-

tates the consideration of the properties of these struc-

tures to regard them apart from the base to which they
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are pivoted, the word " linkage " is employed to denote any
combination of pieces pivoted together. When such a

combination is pivoted in any way to a fixed base, the

motion of points on it not being necessarily confined to

fixed paths, the link structure is called a " linkwork :
" a

"linkwork" in which the motion of every point is in some
definite path being, as before stated, termed a " link-

motion." I shall only add to these expressions two more :

the point of a link motion which describes any curve is

called a "graph," the curve being called a "gram."

Fi^. 1.

The consideration of the various properties of these
" linkages " has occupied much attention of late years

among mathematicians, and is a subject of much com-
plexity and difficulty. With the purely mathematical

side of the question 1 do not, however, propose to deal to-

day, as we shall have quite enough to do if we confine

our attention to the practical results which mathemati-
cians have obtained, and which I believe only mathemati-
cians could have obtained. That these results are valuable

cannot, I think, be doubted, though it may well be that

their great beauty has led some to attribute to them an
importance which they do not really possess ; and it

may be that fifty years ago they would have had a value

which, through the great improvements that modern
mechanicians have effected in the production of true

planes, rulers and other exact mechanical structures, can-

not now be ascribed to them. But linkages have not at

present, I think, been sufficiently put before the mecha-
nician to enable us to say what value should really be set

upon them.
The practical results obtained by the use of linkages

are but few in number, and are closely connected with the

problem of "straight-line motion," having in fact been
discovered during the investigation of that problem, and
I shall be naturally led to consider them if I make
"straight- line motion" the backbone of my lecture.

Before, however, plunging into the midst of these link-

ages it will be useful to know how we can practically

construct such models as we require ; and here is one of

the great advantages of our subject—we can get our

results visibly before us so very easily. Pins for fixed

pivots, cards for hnks, string or cotton for the other pivots,

and a dinmg-room table, or a drawing board if the former
be thought objectionable, for a fixed bise, are all we require.

If something more artistic be preferred, the plan adopted
in the models exhibited by me in the Loan Collection can
be employed. The models were constructed by my

brother, Mr. H. R. Kempe, in the following way. The
bases are thin deal boards painted black ; the links are
neatly shaped out of thick cardboard (it is hard work
making them, you have to sharpen your knife about every
ten mmutes, as the cardboard turns the edge very
rapidly) ; the pivots are little rivets made of catgut, the

Fig. 3.

heads being formed by pressing the face of a heated steel

chisel on the ends of the gut alter it i^ passed through
the holes in the links ; this gives a very firm and smoothly
working joint. More durable links may be made of tin-

plate ; the pivot-holes must in this case be punched, and
the eyelets used by bootmakers for laced boots employed
as pivots

;
you can get the proper tools at a trifling

expense at any large tool shop.

Now, as I have said, the curves described by the

various points on these link-motions are in general very
complex. But they are not necessarily so. By properly
choosing the distances at our disposal we can make them
very simple. But can we go to the fullest extent of
simplicity and get a point on one of them moving accu-

rately in a straight Ime ? That is what we are going to

investigate.

To solve the problem with our single link is clearly

impossible : all the points on it describe circles. We
must therefore go to the next simple case— our three-link

motion. In this case you will see that we have at our

disposal the distance between the fixed pivots, the dis-

tances between the pivots on the radial hnks, the distance

between the pivots on the traversing link, and the dis-

tances of the tracer from those pivots ; in all six different

distances. Can we choose those distances so that our

tracing-point shall move in a straight line ?

The first person who investigated this was that great

man James Watt. " Watt's Parallel Motion," invented in

17X4, is well known to every engineer, and is employed in

neatly every beam-engine. The apparatus reduced to its

simplest form is shown in Fig. 2,
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The radial bars are of equal length— I employ the word
"length " for brevity, to denote the distance between the
pivots, the links, of course, may be of any length or
shape,—and the distance between the pivots or the tra-

versing link is such that when the radial bars a' e parallel

the line joining those pivots is perpendicular to the radial

bars. The tracing-point is situate half-way between the

pivots on the traversing piece. The curve described by
the tracer is, if the apparatus does not deviate much from
its mean position, approximately a straight line. The
reason of this is that the circles described by the ex-

tremities of the radial bars have their concavities turned

in opposite directions, and the tracer being half-way be-

tween, describes a curve which is concave neither one
way nor the other, and is therefore a straight line. The
curve is not, however, accurately straight, for if I allow

the tracer to describe the whole path it is capable of

describing, it will, when it gets some distance from its

mean position, deviate considerably from the straight line,

and will be found to describe a figure 8, the portions at

the crossing being nearly straight. We know that they
are not quite straight, because it is impossible to have
such a curve partly straight and partly curved.

For many purposes the straight line described by
Watt's apparatus is sufficiently accurate, but if we require

an exact one it will, of course, not do, and we must try

again. Now it is capable of proof that it is impossible to

solve the problem with three moving links ; closer ap-

proximations to the truth than that given by Watt can be
obtained, but still not actual truth.

I have here some examples of these closer approxima -

tions. The first of these, shown in Fig. 3, is due to

Richard Roberts of Manchester.

The radial bars are of equal length, the distance be-

tween the fixed pivots is twice that of the pivots on the

traversing piece, and the tracer is situate on the traversing

piece, at a distance from the pivots on it equal to the

lengths of the radial bars. The tracer in consequence

coincides with the straight line joining the fixed pivots at

those pivots and half-way between them. It does not,

however, coincide at any other point, but deviates very

slightly between the fixed pivots. The path described by

the tracer when it passes the pivots, altogether deviates

from the straight line.

The other apparatus was invented by Prof. Tchebicheff

of St. Petersburg. It is shown in Fig. 4. The radial

bars are equal in length, being each in my little model

five inches long. The distance between the fixed pivots

must then be four inches, and the distance between the

pivots or the traversing bar two inches. The tracer is

taken half-way between these last. If now we draw a

straight line— 1 had forgotten that we cannot do that yet,

well, if we draw a straight line, popularly so called—
through the tracer in its mean position as shown in the

figure, parallel to that forming the fixed pivots, it will be

found that the tracer will coincide with that line at the

points where verticals through the fixed pivots cut it as

well as at the mean position, but, as in the case of

Roberts's parallel motion, it coincides nowhere else,

though its deviation is very small as long as it remains

between the verticals.

We have failed then with three links, and we must go on
to the next case, a five-link motion—for you will observe
that we must have an odd number of links if we want an
apparatus describing definite curves. Can we solve the
problem with five ? Well, we can, but this was not the
first accurate parallel motion discovered, and we must
give the first inventor his due (although he did not find

the simplest way), and proceed in strict chronological
order.

In 1864, eighty years after Watt's discovery, the pro-
blem was first solved by M. Peaucellier, an officer of

Engineers in the French army. His discovery was not at

first estimated at its true value, fell almost into oblivion,

and was rediscovered by a Russian student named Lipkin,
who got a substantial reward from the Russian Govern-
ment for his supposed originality. However, M. Peau-
cellier's merit has at last been recognised, and he has
been awarded the great mechtnical prize of the Institute

of France, the " Prix Montyon."
M. Peaucellier's apparatus is shown in Fig. 5. It has,

as you see, seven pieces or links. There are first of all

two long links of equal length. These are both pivoted
at the same fixed point ; their other extremities are
pivoted to opposite angles of a rhombus composed of four

equal shorter links. The portion of the apparatus I have
thus far described, considered apart from the fi.xed bnse,

is a linkage termed a " Peaucellier cell." We then take
an ex/ra link, and pivot it to a fixed point whose distance

from the first fixed point, that to vvhich the cell is pivoted,

is the same as the length of the extra link ; the ottier end
of the extra link is then pivoted to one of the free angles

of the rhombus ; the othtr free angle of the rhombus has
a pencil at its pivot. That pencil will accurately describe

a straight line.

I must now indulge in a little simple geometry. It is

absolutely necessary that I should do so in order that you
may understand the principle of our apparatus.

{To be continued?)

FOSSIL FLORAS AND GLACIAL PERIODS
A RECENT notice in Nature (vol. xiv.p. 336) of certain

-'*- inferences of Prof. Heer in connection with the Arctic

fossil plants obtained by the Swedish Expeditions of 1870
and 1872, suggests some thoughts on the relations of fossil

plants to climate, wtiich, though I have discussed them
elsewhere, deserve to have attention again directed to

them. In my Bakerian Lecture before the Royal Society

in 1870, and in my " Report on the Pre carboniferous

Flora of Canada," published by the Canadian Survey
in 1871, I deduced from the generalisations of Prof.

James Hall as to the growth of the American Continent

from the north-east, in connection with the distribution of

the fossil plants of the Upper Silurian, Erian, and Carbo-
niferous systems, the conclusion that these assemblages
of plan's entered North America from the north-east, and
propagated themselves southward and westward. Prof.

Asa Gray had, as early as 1867, stated similar conclusions

with reference to the modern floras of America and
Eastern Asia, and has more recently extended them to

the Tertiary floras on the evidence of Heer and Les-

quereux.

'

The further conclusion that all the old floras appeared
suddenly and abruptly in the temperate regions, and with

a great number of species, I have illustrated in the Re-
port above referred to, as far as regards the Paleozoic

plants, and have referred to the evidence of it in the case

of the Cretaceous and Tertiary floras in my address to

the American Association in 1 87 J.

With regard to the succession of these floras, it is true

that it has been the fashion with certain European palae-

ontologists to regard our rich Devonian or Erian flora

' Adtiress to the American Association, 1872.
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of America as of Carboniferous age, simply because it

contains forms not found as yet in rocks so old in Eu-

rope. But this notion is at variance with stratigraphy

and animal fossils, and quite as wide of the mark as the

often-repeated dictum of some of the same authorities that

the Cretaceous flora of Vancouver Island and the

Eocene flora of the North-western plains are equivalents

of the European Miocene. In point of fact, we have in

America distinct floras of Erian and Carboniferous age

with an intermediate sub-flora of Lower Carboniferous

date,' and succeeding them the Triassic and Jurassic

flora, that of the Cretaceous, that of the Eocene, and that

of the Miocene ; and there is good reason to believe that

all of these invaded the Continent from the northward

and lingered longest in the south. There may no doubt
have been counter migrations from the south, but these

seem to have left less trace in the geological record. The
special Lower Carboniferous or "Culm" flora, and that

of the Eocene in Europe, may be of this character.

If we compare these facts with those known from other

sources as to the alternation of cold and warm climates

in the northern hemisphere, it would seem that they

harmonise most closely on the hypothesis advocated by
Sir Charles Lyell, that these changes of climate have
depended mainly on the distribution of land and water

and of the ocean currents.

Assuming a condition in which much tropical land

existed, along with islands in the Arctic and sub-Arctic

regions, surrounded with deep water over which warm
currents were distributed, a rich flora might extend as far

northward as the supply of light would permit. Further,

if such condition of equatorial protuberance were coin-

cident wiih a less obliquity of the ecliptic, there might be
less difficulty with regard to a continuous supply of light

than under present circumstances. Succeeding elevation

of northern and temperate land and depression of that

nearer the equator, would destroy the more southern flora

and cause that of the north to advance over the newly-

elevated continental plateaus. This would more especially

be the case if, as we may infer from the possible connec-
tion of equatorial subsidence with the retardation of the

earth's rotation, the depression of the northern land was
very slow and gradual, and that of the equatorial land
more sudden and paroxysmal.

Invasions of plants from the north would thus result

from continental elevation in the temperate regions, and
these invasions would go on contemporaneously with the

introduction of less equable and cooler climatal conditions.

These might not, however, advance so far as to cause
extreme glacial phenomena, except in those, perhaps rare,

circumstances, when Arctic land was elevated while the

greater part of the tropical and temperate areas remained
under shallow seas with little heating and radiating sur-

face and invaded by much northern ice. Further, when
we take into consideration the growth of the continents

in later geological times, it is evident that such periods of
exceptional cold would be more likely to occur in these
later times, and that they might be less intense in earlier

geological periods, and might attain their maximum in

the last glacial period. They would also be irregular as
to the intervals between them, and might through long
periods be absent altogether. We have proof of the
efficacy of such causes in the contrast between the climates
of Labrador and England at the present day, and also in

that sameness of the climate of those regions in the Post-
pliocene period, of which I long ago pointed out the evi-

dence in my " Acadian Geology." Such moderate views
as to glacial periods may also serve to render more ex-

plicable the facts as to the absence of evidence of glacial

action in Arctic Tertiary formations as observed by
Nordenskjold.

It will of course be understood that my conception of
glacial periods is not that of continental ice-caps ; but

' Tweedian of North of England, Culm of Germany.

rather such conditions as would cover great breadths of
shallow sea in the northern hemisphere with a permanent
and continuous ice-pack, accompanied of course with

"bordage" and "anchor ice" and with glaciers descend-
ing to the sea from high lands ; the whole resembling
that now occupying large areas of the Arctic seas, and
occurring in winter in the Gulf and River St. Laurence.
To such agencies I have been accustomed for the last

twenty years to refer our Canadian boulder clay and
glaciated rocks. Further, to this extent we have evi-

dence, locally at least, of ice-action in temperate latitudes

(in non-fossiliferous conglomerates with boulders) as far

back as the Huronian age, while the evidence of alternate

submergence and emergence of the northern land extends
down to that of the Post-pliocene, whose greatness geolo-

gists are only beginning to realise.

It is a corollary from these views that there can have
been no change within geological time in the position of

the earth's axis of rotation. The distribution of sedi-

ment by the polar currents, and the lines of plication and
upheaval of the crust, as well as the distribution of suc-

cessive floras, prove that the poles have remained since

the Laurentian period where they now are. I need here

merely refer to the fact, well known to all American
geologists, that the earthy matter of the thick Appalachian
sediments lies parallel to the line of the modern Arctic

currents, which seem in all geological time to have been
potent agents in carrying the debiis of the disintegrated

Arctic rocks to the south, and filling up the voids caused

by equatorial subsidence. Further, the great organic

limestones, which represent the contemporaneous food-

bearing warm currents from the equator, lie on the pla-

teaus and in the bays of the old Eozoic and Palaeozoic

land. •

We need not, however, in consistency with such views,

refuse to attach any importance which they may seem to

require to astronomical cycles affecting the eccentricity of

the earth's orbit and the precession of the equinoxes, or to

the possible diminution or inequality of solar energy, or

to the secular cooling and contraction of the earth or

the retardation of its rotation. But geologists and
palaeontologists, in speculating on past conditions of the

earth, should endeavour in the first instance to gauge the

value of the causes indicated by their own sciences ; and
where climate is in question no evidence can be more
important than that of continental elevation and depres-

sion, in connection with the appearance and diffusion of

those assemblages of land plants which furnish so sure

testimony as to climatal influences.

I should perhaps apologise for throwing out these sug-

gestions with so little of illustration or proof. For much
of this I may refer to my published memoirs ; ' and I have

now before me a mass of additional evidence, collected

in all the great regions from Newfoundland to British

Columbia by several recent observers, which I have

not at the moment time or opportunity to throw into a

connected form. My present object is to invite the atten-

tion of the many young and active geologists now working

at these subjects to lines of investigation from which they

may be deterred by some of the theoretical views now
current. J. W. DAWSON

McGill College, Montreal

A NEW STIMULANT—PirURY
BARON VON MUELLER writes to the Australian

Medical Journal on the origin of the Pitury, a

stimulant said to be of marvellous power, and known to

be in use by the Aborigines of Central Australia. After

years of efforts to get a specimen of the plant, he had
obtained leaves, but neither flowers nor fruits. He can

almost with certainty, after due microscopic examination,

« Especially the Report above referred to, and " Notes on the Post-

pliocene Geology of Canada," Canadian Naturalist, New Series, vol. vi.
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pronounce those of the Pitury as derived from his Du-
boisia Hofiwoodii, described in 1861 {Fru'j^in. Pltyto'^r.

Austr. II., 138) This bush extends from the Darling

River and Barcoo to West Australia, through desert

scrubs, but is of exceedingly sparse occurrence anywhere.

In fixing the origin of the Pitury, a wide field for further

inquiry is opened up, inasmuch as a second species of

Di(boisia [D. myoporoides, R. Br^ extends in forest land

from near Sydney to near Cape York, and is traced also

to New Caledonia, and lately by him also to New Guinea.

In all probability this D. inyoporoidi's shares the proper-

ties of D. Hop'd'oodii, as he finds that both have the same
burning acrid taste. Baron Mueller adds :

" Though the

first known species is so near to us, we never suspected

any such extraordinary properties in it as are now esta-

blished for the later discovered species. Moreover, the

numerous species of the allied genus ^Uitlioccrcis, extend-

ing over the greater part of the Australian continent and
to Tasmania, should now also be tasted, and further the

many likewise cognate Schtvciikeas of South America,
should be drawn into the same cyclus of research, nothing
whatever of the properties of any of these plants being

known. The natives of Central Australia chew the leaves

of Duboisia Hopivoodii, just as the Peruvians and Chilians

masticate the leaves of the CQCz.{EryiIi)oxyIon Cocii),^o in-

vigorate themselves during their long foot journeys through
the deserts. I am not certain whether the Aborigines of

all districts in which the Pitury grows are really aware of

its stimulating power. Those living near the Barcoo
travel many days' journeys to obtain this, to them,
precious foliage, which is carried always about by them
broken into small fragments and tied up in little bags.

It is not improbable that a new and perhaps important
medicinal plant is thus gained. The blacks use the

Duboisia to excite their courage in warfare, a large dose
infuriates them."

THE ANTIQUITY OF MAN
f~\ N Tuesday evening last a conference was held at the
^-^ rooms of the Anthropological Institute on the Present
State of the (Question of the Antiquity of Man. The
chair was taken by the president, Mr. John Evans, F.R.S.
There were also present Lord Talbot de Malahide, Prof
Huxley, Prof Prestwich, Prof. RoUeston, Prof. Busk,
Prof Boyd Dawkins, Prof McK. Hughes, Rev. Prof.

Sayce, Mr. J. Heywood. Col. Lane Fox, Mr. A. W. Mark;,
Capt. Douglas Galton, Rev. E. \V. Edgell, and many
other gentlemen.

The President in opening the conference alluded to the altered

posilion of the question since it was first brought before the

Kritish public in 1859 and pointed out the extreme caution

which was necessary in dealing with the subject as it lay within

the domain of the archLeologist, the anthropologist, and the geolo-

gist, neither of whom alone was sufficient by himself to offer a very

strong opinion on the subject. Great care was also necessary with
regard to the facts of the discoveries themselves, as the objects

discovered were liable to get mixed with other objects below
them, and this was important in the case of cave deposits in

which there miglit be interments of a later date than the human
skeletons deposited in the caves. The question was now very

much within the province of the geologist, whose business it

was to determine the antiquity of the deposits in which the dis-

coveries may have been made. After alluding to several recent

discoveries in France, Spain, and Switzerland, the President

remarked that each successive discovery or presumed discovery

must be received in a cautious but candid spirit, and looking to

the many sources of doubt and error which attached to isolated

discoveries, their watchword must for the present be " caution,

caution, caution."

The debate was opened by Prof. Boyd Dawkins by an
inquiry into the value of the evidence offered by the bone-
caves of Great Britain. The antiquity of man is not to

be measured by the system of cluronology used by the his-

torian, but by the physical and biological changes familiar

to the geologist. Beyond historical record time past cannot
be estimated in terms of years, because of our ignorance of

the length of the intervals, and of the time necessary to pro-

duce the changes which mark the hour on the geological dial.

The caves of Cresswell Crags, recently brought before the Geo-
logical Society, were taken as types, showing the strange asso-

ciation of human implements and remains of animals. Bones
and teeth of species now found only in the south, such as the

spotted hyrena and lion, were lying side by side with those of

northern habit, such as the reindeer, while some are extinct,

such as the mammoth and woolly rhinoceros, and others, such
as the stag, horse, and bison, still live in the temperate regions.

This mixed fauna is universal in British bone-caves, and in those

of France and Germany, and it cannot be accounted for by the
supposition of Messrs. James Geikie and Croll that the southern

animals inhabited Britain in a warm period inter-glacial, while

the northern were here at another time after, with an interval

between them of from 5,000 to 12,000 years ; not only because

they are closely associated together in the same strata, but be-

cause we have full proof that northern and southern species co-

existed at the same time on the same place, in the fact that the

reindeer formed an important portion of the prey of the hyxna.
It may, however, be accounted for by the overlapping of faunas

according to the ever-varying summer heat and winter cold over

what was then a vast continent, extending from Northern Africa

as far as the loo-fathom line off the coast of Scotland and Scan-

dinavia, The pal.-colithic man of the caves belongs to the

northern group of the pleistocene animals, and his remains
are therefore of late pleistocene age. This northern group
invaded Europe as the glacial cold came on, was pushed
doH-n as far south as the Mediterranean, the Alps, and
Pyrenees, as the ice-sheet advanced southwards, and on its

retreat passed again northwards. It therefore follows that they

are both pre- and post-glacial in Britain. Some caves have been
inhabited by man in post-glacial times, as, for example, that of

I'ont Newydd, near St. Asaph, but it does not follow that all

paLeoUthic caves are post-glacial. The Victoria Cave offers no
evidence as to the antiquity of man, because fibula found in

association with the pleistocene mammalia, and supposed to

be human, is most probably ursine. Further the relation of

the deposit in which it was found to the glacial strata of the dis-

trict is a matter of dispute.

The facts brought forward by Mr. James Geikie, that all

pakcolithic remains are of earlier date than post-glacial times

may be interpreted otherwise. The "something like perpetual

summer " which he considers necessary for the presence of the

southern animals in the mixed fauna of the caves and of which
there is no trace in post-glacial times, is inconsistent with the

abundance of reindeer invariably associated with the palajolithic

remains of the caves. The barren areas in Great Britain, in

which no pleistocene species are found, may be reasonably ac-

counted for by the fact that they were covered v/ith ice, xvliih the

species were living in more glaciated regions in the south, than

by the view that they were equally distributed over the whole
area, and afterwards removed by ice fur the glaciated regions.

The glacial phenomena are no guide to age in non-glaciated dis-

trirts. In fine, the evidence of the caves is decisive that these

paheolithic inhabitants are of Ute pleistocene age, post-glacial,

and possibly pre-glacial, and glacial.

Prof Hughes, after a few remarks on some foreign cases in

which man had been referred to periods more remote than was
generally included under the term glacial, commenced by ex-

plaining that in using the word glacial he meant the period in

which Conditions prevailed in the area in question such as must
have caused glacier ice, or in adjoining areas which, by supplying

berg or coast ice or influencing the climate, must have affected

the area in question. He then proceeded to criticise the cases

adduced from the neighbourhood of Brandon and Thetford. By
an appeal to sections he showed that the beds in which the flint

implements had been found were remains of valley deposits

resting on older deposits which he referred to the middle
glacial.

He explained the various divisions of the middle glacial beds
and correlated them with deposits of the same age in Hertford-

shire, pointing out that there were several horizons at which

loams occurred. He then showed that the beds in which the

flint implements had been found rested upon various members of

the middle glacial series and occurred ia troughs and hollows

scooped out of tlie middle glacial beds. In the case of the
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Beeches Pit, opposite Culford, he said that the implemenls were
found in a deposit which seemed to be the end of a terrace of

valley gravel Avhich, further down as it was followed towards
Ickhngham, became more clearly marked, consisting of gravel

and brick-earth with pupa, pisidium, and maminalian remains.

The only deposits at all like boulder clay which either in the

Beeches I'it or at Botany Bay overlaid these implement-bearing
loams, he considered to be the wash either from boulder clay or
directly from the chalk as the case might be.

Mr. R. H. Tiddeman then read " Some Observations on the

Ilyama Bed at the Victoria Cave, and its Bearing on the An-
tiquity of Man." After some remarks on the disputed fibula

formerly determined to be human, which had been found at a

great depth in the cave deposits in the hyjena bed, the author

went on to call attention to two bones, one certainly of goat, and
another a rib of a small ruminant probably belonging to the

same species, on both of which are cuts or hacks which appear to

be the result of human workmanship. These were also found in

the same bed at the depths respectively of 25 and 15 feet. In
considering the age of these it was remarked that the condition

of a bone is not necessarily a test of age, and in many instances

might be a most fallacious guide. It was admitted that the goat

has not been usually considered as introduced into Britain before

Neolithic times, but it certainly had appeared in the Victoria

Cave in association with the remains of hycena, Elephas aniiquus.

Rhinoceros Itptorhinus, and Hippopotamus. In the caverns in

the neighbourhood of Dinant-sur-Meuse, in Belgium, M. E.

Dupont records the goat as- occurring in the lower beds in the

same association. It seems, therefore, not improbable that it

should have occurred in Britain at the same time.

If these are human workmanship, as appears probable, this

cave holds only in common with other caves, the works of man
so accompanied, and the actual finding of man or his works in

the cave is a secondary question compared to the correlation of

the beds with certain great and widespread physical changes.

The hy.Tina bed contains amongst others besides hyrena, the

following

—

EUphas antiquus. Rhinoceros leptorhinus, and Uip-
popolamus. These were chosen as a well-marked fauna, about
which no doubt was entertained that they were contemporary.
They occur in non-gravels in France and Switzerland and in the

south and east of England, and in each of these countries are

associated with man's bones or handiwork. The geologists who
have worked chiefly at the drifts of the south of England main-
tain, and rightly, that these remains are then post-glacial ; but

to infer that they are so in the north of England may lead to

error. Their remains appear to have been removed from the

open country there by glaciation, although from their existence

in the Victoria Cave and another near Skipton they must at one
time have been as abundant in the valleys as they are in the

south. The author considered that this later glaciation was on
the wane during its maximum at about the parallel of Derbyshire,

and it appeared probable from authorities quoted that it had not
extended over the southern end of the Pennine Chain. The
glacial drifts further south and of earlier age than the animals
referred to appeared to be the relics of an earlier glaciation than
that of the north country, and extended further south. The
author believed that the acceptance of two great and well-

marked periods of glaciation differing in their extent would
reconcile many of the differences which now exist amongst
geologists as to the age of man and the drifts of this and other
countries.

An interesting discussion followed, of which we hope to be
able to give some account next week.

OUR ASTRONOMICAL COLUMN
The Revolving Double Stars.—Dr. Doberck, of Col.

Cooper's Observatory, Markree, has published elements of

I Bootis, calculated from measures extending over ninety-five

years, which interval appears to be about two-thirds or a com-

plete revolution. In this second computation for the same star

he has followed a suggestion made in this column (Nature,

vol. xiv. p. 475), with regard to the probable interpretation of

Sir William Ilerschel's measures in 1792 and 1795, .and his

results prove the necessity for the alteration proposed.

We are now indebted to Dr. Doberck for orbits of tliirtccn of

the revolving double stars, calculated in every case in the most

complete manner possible from the available data, and wlrich
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the observations of the Kimigsberg astronomer, the areographical

western longitude and the latitude of the centre of the disc, the

apparent diameter, the amount and position of the greatest

delect of illumination, and the areocentric angle between the

eanh and sun, all quantities for Greenwich alternate noon.

Vol. xxxii. of the "Memoirs of the Royal Astronomical

Society," contains the sketches of Lassell, Lockyer, and Rosse,

and this volume alone would be of considerable assistance to

the intending observer, as will appear from Mr. Marth's second

table.

CHEMICAL NOTES
Cryst.\llisation under Galvanic Currents.—A recent

number of the Journal of the Russian Chemical and Physical

Society (vol. ix., fasc. 2) contains an interesting report, by M.
Shidlovsky, on observations he has made as to the microscopical

crystallisation of various metals under the influence of a galvanic

current. Placing on the object-glass of the microscope two fine

metallic plates, the edges of which are about a quarter millini.

distant, immersing them in a drop of water and passing a current

through, M. Shidlov>ky watched the growth of small ramified

threads of crystals of metal transported from the cathode to the

anode plate. The growth of these tree-like agglomerations

goes on very speedily ; their branches spread out to the anode

plate, vibrate on reaching it, and collapse, whilst another rami-

fied tree grows from the cathode spreading out to the anode ; this

goes on until the space between the plates is filled with a spongy

metallic mass. Each of the metals experimented on (lead, silver,

zinc, tin, copper, and iron) gives its own characteristic lamili-

cations, and if the two plates be of different metals the tree h.is

ramifications characteii^tic of the metal of which the anode plate

is made. Gold and platinum do not exhibit any appearance of

crystalline trees, nor does the crystallisation appear when the

anode is gold or platinum. Iron submitted to a continuous current

does not show a transport of crystals, but the phenomenon
appears immediately when the currents are originated by a

RuhmkorfTs coil or by a Iloltz's machine. Iron-powder sus-

pended in water undergoes a rapid motion under the influence of

a strong inductive current, forming threads which spread out

from the cathode to the anode plate.

IsoDiBUTYLENE.—The same volume contains the second part

of the important paper by Prof. A. Butlerof on the polyme-

risation of hydrocarbures from the ethylene series :—On isodi-

butylene.

On the Thermic Formation of Ozone.—M. Berthelot

has recently investigated this question by subjecting pure and dry

oxygen to the influence of the silent discharge, whilst passing

the gas into a ilask containing 500 c.c. solution of titered arse-

nious acid. At the end of thirty minutes, six to nine litres of

cxygen had passed through the flask, the temperature being

raised one-third of a degree ; then by passing the oxygen current

without the action of the discharge for an equal time, the ther-

mal data were rendered complete. The arsenious acid solution

was then treated with potassium permanganate, and redeter-

mined with a solution of oxalic acid. By this means the quan-

tity of arsenious acid oxidised, and consequently ozone absorbed,

was determined. The amount of oxygen absorbed was found

to be 30 '3 and Si'g milligrams, corresponding to 90' 9 and

1557 m.m. ozone, the heat set free being I lS"2 and 223 calories

respectively. Hence for one molecule the heat is equal to

-f 68-8 calories. Subtracting from this f-e heat formed in

the oxidation of a molecule of arsenious acid -I- 39'2 calories

(Favre and Thomsen), we have -i- 29'6 calories for the heat set

free in the condensation of one molecule ozone into oxygen, and

consequently - 296 in the reverse process. Ozone thettloie is

a body in which heat is absorljed in its formation, ils activity in

combination being probably due to this heat being set free. This
is worthy of note when it is remembered that it is condensed

oxygen, condensation generally setting free heat.

Chlorophyll in Conifer.e.—Conifenv are remarkable

amongst other plants for developing their chlorophyll even in

places which seem perfectly dark. In the Reports of the Nalur-
forschende Gesdhcha/t of Leipzig, Herr R. Sachsse pubUshes the

results of some investigations he made in order to ascertain

whether the chlorophyll formed under these circumstances is

quite identical with ordinary chlorophyll. He extracted the

chlorophyll from young Couifera:, which had germinated in the

dark, by boiling them in alcohol. He obtained a solution which

showed the ordinary chlorophyll spectrum ; all bands were in

the right position and showed the correct grades of intensity.

When the solution was concentrated the absorption at the end of

the spectrum was continuous, when more diluted the absorption

was resolved into the well-known three bands. The only

peculiarity in this spectrum, when compared with that of chloro-

phyll of ordinary origin, was the somewhat lesser intensity of

band V. According to Kraus's idea this would prove a pre-

dominance of cyanophyll over xanthophyll. The solution of

Conifera; chlorophyll very readily turns to modified chlorophyll.

Chemistry of the Grai-e.—In several treatises lately

presented to the Royal Academy of Physical and Mathe-

matical Sciences of Naples, Prof. G. Licopoli gives an
account of some recent micro-chemicaV researches upon
oranges, lemons, and grapes. The latter are of special in-

terest, as Prof. Licopoli tried to determine the time and place

at which, in the gr'ape, the dil'ferer.t chemical substances which

arc contained in it (such as tartaric acid, chlorophyll, albumi-

noid matter, sugar, colouring matter, &c. ) firsi begin to form.

The conclusions which the author draws fi'om his labours are the

following : Tartaric acid and chlorophyll first show themselves in

the tissue of the pistils in course of formation. Oxalate of lime

next shows its presence in the sub-epidermic tissue in the form

of raphides, in the endocarpic epidermis in the shape of con-

glomerated crystals (dumb-bells ?), and in the kernels in raphides.

The albuminoid matter first appears spread over the whole of

the fruit, but ])redomlnates in the mesocarp. Colouring matter

results from the metamoi-phosis of chlorophyll, ils appearance

and diffusion showing the growth of the fruit, and the progr-ess the

chlorophyll has made at the time of its formation. The growth

of this colouring matter begins in the peripherical tissues, and

continues towards the central ones. Sugar is found in the

pericarp wherever there is tartaric acid present. Resinous

matter or wax appears first on the surface of the epicarpic

epidermis. Tannic acid is principally formed in the seed, and

particularly in the hard and friable part of the episperma ; the

fibro-vascular fascicles of the pericarp, however, also contain

this acid.

NOTES
We regret to hear that the state of health of M. Leverrier,

the distinguished director of the Paris Observatory, is causing

great anxiety to his friends. He has been entirely prostrated by

his enormous labours, which have been almost unceasing for the

last twenty years.

M. Belgrand read, at the last sitting of the Council of the

Paris Observatory, a report on the necessity of extending tele-

graph warnings to Algeria, and taking advantage of the docu

ments collected by the Algerine Meteorological Service. The

necessary steps will be taken by M. Leverrier, and observations

extending from Marocco to Tunis, and from the Mediter-

ranean coasts to Laghouat and Biskra will be sent to and from

Paris to every Meteorological Oflice in conirectiou with the

meteorological system. At the same sitting M. I^everrier an-
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nounced that he had taken steps to utilise the weather telegrams

sent from America by the New York Herald.

Theke is no ground whatever, we are informed, for the

rumour that M. Krantz will resign his office of Director of the

International Exhibition, or that the Exhibition will be post-

poned. The works are progressing favourably, and will not be

interrupted. The British Commission have secured a large

plot of ground close to the Champ de Mars for their private

use. This ground measures more than 5,000 square yards.

The Emperor of Brazil, who is now in Paris, has been

assiduously attending the meetings of various scientific societies.

On Friday he was present at the meeting of the Zoological

Society. Several communications were read on fishes, insects,

and worms from Brazil. He was also present at the last sitting

of the Geographical Society of Paris. A paper was read on the

Pampas by an American gentleman, whose flattery of the Em-
peror was so high that his Majesty left the room to show his

disapproval. The lecturer stated that the Argentine Republic

was building a strong wall to protect the Pampas against incur-

sions from uncontrollable Indians, and that in doing so not less

than 20,000 square miles of excellent grazing ground will be

reclaimed.

The Congres Scientifique of France is holding its present

session at Versailles on the occasion of a floral meeting, as we
intimated two months ago. The principal attraction is a series

of excursions held in the vicinity of Versailles.

The Russian Council of State has granted a yearly sum of

2,000 roubles to the West Siberian Branch of the Russian Geo-

graphical Society at Omsk.

Russian newspapers announce that Prof. Ahlquist had

reached, on April 10, Kondinsk, 530 miles north of Tobolsk.

His companion, M. Bergroth, remained at Tobolsk.

Science in Italy has sufTered a heavy loss through the death

of Prof. Dr. C. L. Rovida, formerly first physician at the

Ospedale Maggiore of Milan, and for the last three years

Professor of Special Pathology and Clinical Medicine at the

University of Turin. Next to Prof. Moleschott in rank, if not

in fame, he was one of the few Italians who follow a rigidly

scientific method of investigation and instruction.

The fourth number of the Btillelin of the Geographical

Society of Egypt contains an interesting account of a journey

to Harar with a plan of that place, published by two Arabian

officials ; one of whom, Fayous Effendi, accompanied the Italian

expedition to Zeilah.

Mount Vesuvius shows signs of fresh activity. The crater

is continually sending forth clouds of smoke which at night

assume a fiery aspect from the deep-lying glowing lava masses.

Capt. R. Gessi, the Italian explorer of Albert Nyanza under

Col. Gordon, is now preparing at Cairo to undertake, on his own
account, a new expedition in company with a naturalist and a

photographer. He intends to push forward to the Equatorial

Lakes, studying, on his route, all the principal factsof meteorology,

anthropology, and natural history, taking sketches and photo-

graphs of men, animals, plants, and interesting geological

features.

A CORRESPONDENT writes to us that the medal "of the first

class " of the I'aris Acclimatisation Society was presented, not
to Mr. Alfred Mosenthal, but to Messrs. Julius de Moscnthal
and J. E. Hartiug, the joint authors of the work recently pub-
lished by Messrs. Triibner and Co., on " Ostriches and Ostrich
Farming," and reviewed by us in vol. xv. p. 176. This work
was published some time after the experiments, to which we
referred last week, were made at Algiers. These experiments
will be found to be fullv detn'led in the work in niiestion.

A LETTER received at Rome from the commander of the

Scilla states that the Italian expedition for the exploration of

Central Africa were occupied at Zeilah on April 27 with the

final preparations for their then imminent departure to Shoa.

In the last two numbers of the Bolkthto della Societa Geo^rafica

Italiana Prof. Gio. Beltrame publishes an interesting paper on

the language of the Akkas—an African tribe of which two indi-

viduals were brought over to Italy some years ago. This first

attempt at giving an idea of the Akka language and its grammar
will prove a valuable contribution to the study of comparative

African linguistics

An immense quantity of locusts have shown themselves in the

Algerian provinces, and are travelling from the south towards

the Mediterranean. The number of these insects was so pro-

digious that the trains from Blidah to Algiers were almost

stopped in the beginning of May.

Mr. John F. Dolley writes to the Times under date Uiten-

hage. Cape of Good Hope, South Africa, March 19 :
—" In

this part of South Africa we have just witnessed a magnificent

sight, such as a person can hardly expect to see more than once

in a lifetime, if even then. It was on the beautiful clear star-

light evening of the l6th of March, at about eight o'clock, when
suddenly every one was startled with a bright lightning, like a

flash, and on looking for the cause discovered a large meteor

coming out of the eastern horizon, and which travelled slowly

across the firmament, in an oblique direction to the westward,

when it burst, sending forth streams of fire, as if from a hundred

rockets, and then was heard a low rumbling noise as of thunder

in the distance. The meteor appeared to be nearly, if not quite,

as large as the full moon, but not round, more of an oblong

shape, and while travelling through the air it very much re-

sembled a large turpentine ball. It gave forth a bright bluish

light which lit up the whole sky, and you could distinguish

everything around you for miles as plainly as in the daytime.

... A party of Hottentots who were coming in from ' Hankey,'

a station belonging to the London Missionary Society, state that

the driver of the waggon was struck dovvn in the road, and that

they all felt a glow of heat as the fireball passed them. The
illumination lasted for nearly a minute, and the light was such

that it dazzled the eyes of all who saw it."

A Telegram from New York on the i6th states that forest fires

are making great ravages in North-eastern New Vork, Long
Island, Massachusetts, New Hampshire, Maine, Pennsylvania,

Canada, and New Brunswick. A large part of the White

Mountains is in flames. The summer hotels are in danger, and

railways are interrupted. A great number of mills and dwellings

have been destroyed, and hundteds of persons have been ren-

dered destitute.

Steam at ordinary pressure sent into saline solutions on which

it has no chemical action, gives a rise of temperature that seems

at first sight paradoxical, the temperature produced being always

higher than that of the steam. M. Midler, of the Berlin Chemical

Society, has been studying the phenomenon. Chloride of sodium

is one of the best salts to use. A solution of it sufficienlly con-

centrated to have a boiling point of 127° may be raised to 125°

simply by sending steam into it at loo^\ Here, then, the steam

produces a rise of 25° above its own temperature. The more

concentrated the solution the higher is the rise. M. M tiller

points out, in explanation, that saline solutions at 100° absorb

the steam at the same temperature, and the result is a rise

analogous to that produced when a gas, like ammonia, is dis-.

solved in water. These experiments throw new light on the

controverted question, what is the temperature of the steam

which escapes from a concentrated and boiling solution ? Is it

100° or a temperature near that of boiling of the solution ? The

new results seem to be against the latter, and common, view.
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Intelligence has been received from Quebec stating that

ships which have recently arrived at that port have encountered

unusually large fields of ice and remarkably high icebergs in the

Atlantic. The Una, from Leith, passed through eighty-five

miles of heavy ice.

At the meeting of the Royal Society of Edinburgh on Monday
night, reports were read from four lighthouse keepers on the west

coast of Scotland, detailing their experiences of earthquake shocks

on March 11 and April 23. The keeper of the Pladda light-

house says tlie tower by his dwelling-house shook very much ; the

Lismore keeper reported that everything in his lighthouse shook

at an alarming rate and awoke all the inmates. Mr. Stevenson,

C.E., said these observations were valuable because of their

trustworthiness.

The engineers of the French Northern Railway have been

making experiments with the vacuum brake, which has been

found to work satisfactorily owing to its simplicity of construc-

tion. MM. Saitiaux and Lartique have devised some ingenious

arrangements for bringing it into action automatically if any

mistake has been made respecting the crossings. Should dis-

tressed passengers want to call for help they can also put the

continuous break into operation instead of ringing a bell as is

customary.

The Superintendent's [Report on the Botanic Garden and

Public Plantations for 1S75-76 has recently been officially pub-

lished in Jamaica. It deals almost entirely with plants of

economic value, foremost of which is the coffee, the ordinary

kind (Coffui aralica), apparently giving! way to its formidable

rival Coffea liberka, which was introduced to Jamaica in 1S74,

and is now thriving, especially in some districts. In one situa-

tion, at a height of about i,oco feet above the sea, a plant that

had only been planted out a little over a year has already fruited.

This seems to indicate that in the course of a few years the new
coffee may be widely cultivated in Jamaica from plants raised

Irom seeds ripened in the island. Amongst other important

plants treated of in' the report which have received special atten-

tion, may be mentioned cocoa, sugar canes, pine apples, cin-

chonas, jalap, cScc. ; of this last we learn that nearly two acres

are under cultivation, producing during the year under review a

crop of 1,700, and it was estimated at the time the report was
written that an additional 3,000 would be obtainable in the

course of a few months, all of which would find its way to

England.

Dr. Lauder Lindsay of Perth has for years been forming a

collection of Uchens, which, although frequently broken up and

distributed, still forms the nucleus of a good type collection.

The collection consists of— l. Herbarium, the main object of

which is to illustrate the Variations of the Commoner Species :

and so to encourage (i) tlie establishment of Typical, Compre-

hensive, or Aggregate Species ; (2) the abolition of Named
Trivial Variations ; and the (3) consequent Reduction of Names,

and Simplification of Synonymy and Classification. 3. Museum
of Illustrations of the Economic Properties and Applications of

Lichens. 3. Library of Lichenological Works, Foreign and

British. 4. Drawings (original) of Microscopical Structure,

several thousands unpublished. 5. Correspondence with Lichen-

ologists. 6. Unpubhshed Manuscripts—of (i) Outlines of

Lichenology : " (2) " Lichenographia Britannica :
" and of other

works or papers illustrative of Lichens in various aspects. The
collection has been offered— with all the cabinets and fittings

in which it is contained—as a donation to the Royal Botanic

Gardens of Edinburgh, on the simple conditions— (l) That a

small room is provided for its accommodation in connection

either with the Herbarium, or Museum of Economic Botany ;

and (2) That it is kept in proper order either by the Curators of

said Herbarium or Museum, or by any of the numerous students

of the Edinburgh School of Botany. But it is understood that

no such donations can be accepted by the said school, by reason

of the very inadequate accommodation provided by Government
for the more essential requirements equally of students and
teachers. As has been repeatedly pointed out—officially and
otherwise—there is at present urgent need— (l) of a new commo-
dious class or lecture room

; (2) of a new commodious mu-
seum ; (3) of botanical laboratories ; and {4) of extra special

rooms for such herbarian or other purposes as the reception

and maintenance of such donations as that now referred to.

A NEW burner for obtaining high temperatures in laboratories

has recently been described by M. Godefroy. It consists of four

metallic cylinders one within another ; the first and the third

are pierced with lateral holes at their base. The intervals

between the cyUnders communicate, one set with two vertical

pipes uniting in a horizontal pipe below, the other set with

another similar system. A piece of metallic net at the lower

part regulates the entrance of air.

At Tabor, in Bohemia, 423 metres above the sea, in a house

out from the town, M. Farsky made observations of the amount
of carbonic acid in the air from October 10, 1874, to the end of

August, 1875. The average obtained was 3'43 volumes in

10,000 volumes of air ; a number smaller than that of Saussure

and Boussingault (4' 1 5)1 and higher than those got by Schulze

in Rostock and Fittbogen in Dahme. The most numerous

variations are in November, December, February, March, and

April, the least in October. M. Farsky says that the more

variable the weather, and the sharper the transition from one

weather to another, the greater are the variations in proportion

of carbonic acid in the air. The strong north-west and south-

west winds reduce the amount of caibonic acid, while the cold

north and north- east winds, which are always thought the heralds

of clear weather, cause an increase in the carbonic acid . Further,

the caibonic acid is increased descending mist, and continuous

dust-rain. No other connection with atmospheric precipitates

was perceptible. These results agree, in the main, with those

formerly obtained by Angus Smith and Roscoe. Smith found

that the air in the suburbs of Manchester contained on the

average 3'69 volumes in 10,000 volumes of air. The amount

appeared to diminish slightly during long-continued westerly

winds ; on the other hand it increased when easterly winds pre-

vailed. From a large number of analyses of air collected from

the hill-districts of Scotland, Smith obtained, as an average, 3^36

volumes in 10,000 volumes ; the extremes recorded are 3x0 and

3 '60. These comparatively low numbers are probably due to

tlie proximity of the sea, the air over which has been shown by

Thorpe, from a large number of analyses made over the Atlantic

Ocean and Irish Sea, to contain about 3 00 volumes of carbonic

acid in ic,ooo volumes of air. This amount was constant, or

nearly so, in different latitudes, and, contrary to the, statements

of Lewy, exhibited no perceptible diurnal or seasonal variations.

The additions to the Zoological Society's Gardens during the

past week include two tigers {Fdis iigris) from Jahore, presented

by Rear-Admiral Rowley Lambert, C.B. ; two Javan Chevro-

tains (Tragtibisjavanicus) from Java, presented by Messrs. Hill

and Isaac, Lieuts. R.N. ; a Malayan Bear (Uniis malayanus)

from Sumatra, presented by Dr. F. WicksteeJ ; a Phatagiu

Manis (Manis tricuspis) from West Africa, a Humboldt's Saki

(PUhecia humboUUi) from the Amazons, a Red and Yellow Mac-

caw \,Ara chloroptera) from South America, a Sooty Mangabey

{Ccrcocebusfiili^mosus) from West Africa, deposited ; a Concave

Casqued Hornbill {Buccros bkornis), three Yellow-biUed Blue

Magpies {Urocisiaflavirosbii) from India, a Pin-tailed Whydah

Bird [Vidua principalis) from West Africa, received in ex-

change ; two Impejan Pheasants (Lophop/wrtis impeyanus] fiom

the Himalayas, a Mantchurian Crossoptilon (Crossoplilon tiuiul-

churicum) from North China, purchased.
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UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Cambridge.—At a Congregation on May 17, the Vice-Chan-

cellor, the Master of Emmanuel, Professors Cayley, Adams,
Clerk-Maxwell, Stuart ; Messrs. V. Frost, St. John's ; J. Tod-
hunter, St. John's ; H. W. Besant, St. John's ; N. M. Ferrers,

Caius|; E. J. Routh, St. Peters ; A. Freeman, St. John's ; H. H.
Taylor, Trinity; W. D. Niven, Trinity; R. T. Wright,

Christ's ; C. H. Prior, Pembroke ; W. Garnett, St. John's

;

and Lord Raleigh, Trinity, were appointed a Syndicate to con-

sider the higher Mathematical Studies and Examinations of the

University.

The Chancellor's gold medal, given annually to a resident

undergraduate wlio shall compose the best English poem, has

been adjudged to Edmund VVhytehead Howson, Scholar of

King's College. The subject of the poem is " The Heroism of

Arctic Exploration."

The Moderators and Examiners for the Mathematical Tripos
have presented a report of the results of the examination to the

Board of Mathematical Studies, from which it appears that no
candidates were examined. Of that number 36 were classed as

Wranglers, 29 as Senior Optimes, 30 as Junior Optimes, one
obtained an yEgrotat degree, and 14 were found to be not worthy
of mathematical honours. The full marks were 18,643 i 'lis

average obtained by the first ten Wranglers was 5,748 ; of the

last ten Wranglers, 1,794; of the first ten Senior Optimes,

1,506 ; and of the first ten Junior Optimes, 721. The Addi-
tional Examiner (Mr. II. W. Watson) reports that the work
done by the best men in the higher physics was very satisfactory,

and proved the interest and success with which those subjects

are now being studied in tlie University. At the same time
there were indications of the tendency of the reading in this part

of the course to become too diffuse and unmathematical. This
tendency may be kept in check, in the first place, by framing the

papers in such a manner—whether by the adoption of alternative

questions or otherwise—as shall make too diffuse reading in the
higher subjects unprofitable or even impossible ; and, in the

second place, by providing that every question set in these sub-
jects shall be accomp.anied by a rider of strictly definite mathe-
matical character, and of a difficulty proportioned to the weight
assigned to the bookwork.
The Board for admitting and superintending non-coUegiate

students give notice that an exhibition of 50/. a-year, tenable for

three years, granted by the Worshipful Company of Cloth-
workers for the encouragement of proficiency in physical science,

wi'l be awarded by means of the Certificate Examination, to be
held next December, under the authority of the Oxford and
Cambridge Schools Examination Board. Candidates must be
either non-collegiate students in their first terra of residence, or
persons who have not commenced residence in the University.
Full information may be obtained from the Censor of non-
collegiate students, the Rev. R. B. Somerset, Cambridge.

Gilchrist Trust Prizes.—The first (in London) presenta-
tion of prizes in physiology under the direction of the Gilchrist
Trustees was made on Tuesday, last week, at the large room of
the Society of Arts. The chair was occupied by the Rev. J.
Rodgers, M.A., Vice-Chairman of the London School Board,
supported by Dr. Carpenter, C.B., F.R.S., secretary to the
Gilchrist Trust Fund, and others. The prizes were awarded to
students who, as elementary school teachers, had attended the
course of lectures on physiology recently delivered by Dr. B. W.
Richardson, at St. Thomas's School, Charterhouse, and who
had submitted to the examination with which the course was
brought to a close. A large number of students entered into
competition, and in the end prizes and certificates were awarded
in the following order to four competitors :—John Pilley, George
Price, W. R. Cory, and Maria J. Menzies ; and certificates to
Mary C. Menzies and Messrs. C. E. Marks, C. W. Shreeve,
PL Steadman, J. F. Adcock, and G. Garland. In the course of
the proceedings Dr. Carpenter gave a very interesting account of
the origin of the Gilchrist Trust and of its founder, and the
chairman delivered a very earnest and admirable address on the
progress of education and on the value of the lectures such as had
been delivered, and which he had liimself attended.

Working Men and Science.-—On Saturday afternoon the
members of the Working Men's Clubs, under the auspices of the
Working Men's Club Union, paid a visit, by permission of the
Royal College of Surgeons, to the magnificent museum founded
by John Hunter, and attached to the building of the College

in Lincoln's Inn Fields. Prof. Flower, the Curator, received
the visitors, who were conducted into the first great hall, where
Prof. Flower gave a general description of the Museum. The
visitors manifested an unmistakably genuine interest in the col-

lection, and in Prof. Flower's descriptions, and at the conclusion
of the visit one of the party, on behalf of his comrades, gave
hearty thanks to the Professor and to the Council of the College,
for the treat which had been afforded to them, and said it was
altogether a mistake to suppose that the working men took no
interest in science. The Professor said it afforded him much
pleasure to show the museum, and especially so when he found
his labours thus appreciated.

SOCIETIES AND ACADEMIES
London

Royal Society, May 3.
—"On the Temperature-correction

and Induction-coefficients of Magnets," by G. M. Whipple,
B.Sc, Superintendent of Kew Observatory. Communicated by
Robert II. Scott, F.R.S.

" Distribution of the Radicals of Electrolytes upon an Insu-
lated Metallic Conductor," by Alfred Tribe, Lecturer on Che-
mistry in Dulwich College. Communicated by Dr. Gladstone,
F.R.S.
May 17.

—"On Hyperjacobian Surfaces and Curves," by
William Spottisvvoode, M.A., Treas.R.S.

Royal Astronomical Society, May 11.—Dr. Huggins,
F.R.S., president, in the chair.—A gift of 500/. was announced
from Mr. C. J. Lambert, being part of the sum bequeathed by
his late father to scientific societies. The special thanks of the
meeting were voted to Mr. Lambert.—The Astronomer- Royal
pointed out an inaccuracy in a description of meteors by a certain

"J. W. M."—Mr. Penrose read a paper (and explained a
diagram) on the correction for the spheroidal figure of the earth.

—Lord Lindsay spoke upon the two comets B and C of 1S77.
Winnecke's showed thrte bright lines on a weak continuous
spectrum which he described. The president mnde some re-

marks thereon : there were two distinct spectra shown by comets
;

one was limited to two particular comets ; the carbon spectrum
was common to all the rest.— Lord Lindsay described the 4-inch
hehometer which he had placed at the disposal of Mr. Gill for

his expedition to Ascension to measure tlie parallax of Mars.
The object glass was made by Mertz, and cut and mounted as a
heliometer by Repsold ; the pillar and equatorial mounting being
that provided by Messrs. Cooke, of York, for an 8-inch tele-

scope. The halves of the object-glass were moved in circular

grooves by means of a handle near the eye-piece, so that

they could be separated without jiutting the object out of focus.

Several other details were pointed out, one of them being a
movable wire screen adapted to equalise the light of two objects

of different brightness under measurement. Mr. De la Rue ad-
mired the stability and rigidity of the instrument. The Astronomer-
Royal would have had the declination axis and the polar axis

twice as large. Mr. Gill vindicated the steadiness of Lord
Lindsay's heliometer, and described an accident by which it

narrowly escaped being smashed ; whicli accident occurred
through the instrument having Ijeen represented as an *' uni-

versal equatorial," whereas it was nothing of the kind ; the
elevating screw having run out whilst being set to the latitude of
ascension, the polar axis was shot out of its collar on to the
lloor. Mr. Gill then spoke upon the positions of the planets
Ariadne, Melpomone, and Iris, and their special merit of having
no sensible disc.—Dr. De la Rue again referred to the axes
of the heliometer, wliich he said were eight times as strong
as Repsold thought sufficient. The Astronomer-Royal said

it was perfectly adapted to the purpose intended.—A note
was read from Padre Secchi on an alleged fall of a meteo-
rite in Italy which turned out to be untrue.—Mr. Lecky
related how he had made a good artificial liorizon by filling a
blackened trough witli glycerine.—A catalogue of double stars

was presented by Messrs. Wilson and Seabroke, of the Temple
Observatory, measured with a parallel wire micrometer and a
power of 400. Mr. Dunkin said the only fault was the omission
of the R.A. and N.P.D., which necessitated the use of two
catalogues.—A note was read from i\Ir. Proctor referring to his

cliart of 3,976^ stars.—Mr. Green laid before the Society some
paper impressed with blank discs to aid observers in drawuig
the features of Mars, so prepared that lights could be taken out
with ease and precision.—Mr. Christie described Prof. Ztnger's
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solar eye-piece, which consisted of a prism with one lenticular

surface, cemented to another prism of different density ; the

quantity cif light reflected at the junction being in proportion to

the difference of the density of the two glasses.

Linnean Society, May 3.— Prof Allman, F.R.S., president,

in the chair.—-Three foreign members were elected, and Mr.
James Paton, o( the Kelvin Grove Museum, Glasgow, was like-

wise elected an ordinary fellow.-—Specimens of abnormal prim-

roses were exhibited and commented on by Mr. Alf. W. Bennett.

—A paper on the perfoliate penny-cress ( Thlaspi perfoHatum)
was read by Mr. G. S. Boulger. This little plant has a very

limited Biitish area, viz., the neighbouring districts of Oxford-

shire and Gloucestershire, and according to our aullior Wilts ;

thus equally belonging to tlie Thames and Severn Valley jiro-

vinces. The altitude attained is from 360 to 500 feet above the

sea-level.— A conjoint memoir by Prof St. G. Mivart and the

Rev. R. Clarke on the sacral plexus and sacral vertebrae of

lizards was brought forward and discussed. They stated that it

has of late been recognised that in any attempt to reply to the

question, which vertebra of any lower animal answers to the

first sacral one of man, the nervous quite as much as the bone
relations require consideration. Our authors pass in review the

researches of Gegenbaur and Hoffmann, and then proceed to

describe their own dissections of the parts in question in the

chameleon, green lizard, iguana, monitor, and others. Insti-

tuting a comparison of the parts in the Batrachia, and of the

sacral region in bird;, they, in a somewhat technical summary,
announce that although often puzzling and complicated from
occasional variations in species and otherwise, the true sacral

vertebra; may be defined in all vertebrates above fishes, where
hind limbs are well developed.—The Secretary read a paper on
the genus AlveoliUs and some allied palaeozoic corals, by Prof.

Nicholson and Mr. R. Etheridge, jun. It seems from their re-

searches that the name Alveolites covers many forms whose
affinities, to say the least, are obscure. Discussing the charac'ers

and essential attributes of the genus in a historical rcsiimi, they
proceed by comparisons, microscopic and otherwise, to define

certain groups coming under previous definitions of Aiveoliks.

These are several species of the above and others of genera such
as Ornilcs, Brachypora, Chutilcs, &c. But moreover tliey state

that in several instance there appears much in common between
certain groups of Alveolites and Favositis, so that future investi-

gation may further necessitate the breaking down of what at

present may be regarded as but meagre lines of demarcation.

Chemical Society, May 17.—W. Crookes, F.R.S., vice-

president in the chair.—The chairman announced that an extra-

ordinary general meeting would beheld on May 31 at 8 P.M.

The following papers were read :—On a slight modification of

Hofmann's vapour density apparatus, by M. M. P. Muir and S.

Suguira. The authors propose to omit the india-rubber plate of

the original apparatus, and mark off the height of the mercury
by a cathetometer and a slip ofgummed paper.—Note on the fluid

coniained in a cavity in fluorspar, by J. \V. Mallet. The cavity

was 6 mm. by 2
'5 mm. by 1 mm. ; it contained water and a bubble.

On heating, the bubble became less mobile and the crystal

showed signs of incipient splitting.—Examination of substances

by the time method, by J. E. Ilannay. The author has deter-

mined the loss sustained by various hydrates in equal and suc-

cessive intervals of time, when sulimittecl, in a Liebig's drying

tube, to a current of air at various temperatures, and thus ob-

tains evidence of the existence of hitherto unknown hydrates.

Magnesium sulphate, when treated as above, loses S per cent, of

water in five minutes at 100° C. ; the loss is then much slower
and regular up to 29 per cent., when the rate of loss decreases

somewhat suddenly from the formation of a lower hydrate, which
loses water mucli more slowly.—On the dehydration of hydrates

by the time method, by W. Ramsay. The author examined the

hydrates of alumina, iron, copper, and lead.—On the transfor-

mation of aurin into rosaniline, by R. S. Dale and C. Schor-
lemmer ; by heating sulphuric acid .and pure phenol, and
gradually adding oxalic acid, pure aurin is formed ; by the action

of ammonia on aurin, red .aurin is produced, which, by the action

of alcoholic ammonia at 150° for several days is converted into

rosaniline. The authors consider aurin to be identical with
rosolic acid.—On certain bismuth compounds, Part VI., by
M. M. P. Muir. The author describes the preparation, &c., of

hypobismuthous oxide, bismuthous ox-ychloride and oxyhromidc,
and sulphbismuthyl chloride.— On the theory of the luminous
and non-luminous flame by J. Philippson. The author states

what he considers to be the causes of the luminosity and non-
luminosity of flames.

Zoological Society, May 15-—Prof. Mivart, F.R.S., vice-

president, in the chair.—Mr. Sclater made some remarks on the
progress and condition of the Zoological Gardens of Rotterdam,
Amsterdam, Antwerp, Brussels, and Ghent, which he hid just

visited.—A communication was read from Mr. G. S. Brady,
C. M. Z. S. , containing a monograph of the fossil Ostracoda of the
Antwerp Crag.—A communication was read from Dr. F. Day
containing a notice of the capture of a specimen of Coycgoiwus
oxyrliynchus, on the coast of Lincolnshire.—A communication
was read from the Marquis of Tweeddale, F.R. S., containing a
memoir on the birds of the genus Batrcichostonius. The author
came to the conclusion that there were seven recognisable species
of this difficult group inhabiting the Indian region, one of which
yet undescribed, was from the Philippines. The rule appeared
to be that the females were rufous from the nest, while the males
are brown and somewhat spotted.—Mr. Edward R. Alston read
the description of a shrew from Guatemala, which had been indi-

cated without being characterised by the late Dr. Gray, and for

which the name of Sorex veviv-pacis was now proposed.—Mr. A.
H. Garrod, F. R. S., read the second portion of a series of ]iapers

on the anatomy of passerine birds.—A communication was read
from Mr. T. E. Buckley containing remarks on the past and pre-

sent geographical distribution of the larger mammals of South
Africa.

Entomological Society, M.iy 2.—J. W. Dunning, F.L.S.,
vice-president, in the chair.—Messrs. H. J. Adams, Charlestrom,
Adams, and J. W. Slater were elected members of the Society.— .Mr. Jenner Weir e.xhibited a large silken cocoon from the
Cape of Good Hope, supposed to be a spider's nest. On being
opened it was found to contain, among other debris, the skins of
a number of small spiders and the elytra of beetles of the genus
Moluris. Mr. Weir also exhibited a spider's nest from Mont-
serrat.—Mr. F. Grut exhibited a large species of Chelifer from
IS'orth Spain.— Sir Sydney Saunders exhibited a spider (Atypiis

sulzeri) taken on Hampstead Heath, where it is found inhabiting
tubes concealed under bushes. The tubes are about fourteen
inches in length and extend about ten inches beneath the surface

of the ground, the remainder projecting above the surface. The
same or an allied species had been observed by Mr. Jenner Weir
on the .South Downs.—Mr. Champion exhibited a series of Alaus
piiiryssi Irom Thaso Island.—Mr. CO. Waterhouse e.xhibited

specimens of the following insects from Tasmania :

—

Dohrnia
miraiiJa (Heteromerous beetle), Creopliilus crythroceplialus

(Staphylinidie)^ and Forjiciila erylhrocephala. The two last

species bore some mimetic resemblance to each other.—A paper
was read from Sir Sydney Saunders on the adult larva; of the
Stylopidic and their puparia, the author exhibiting specimens in

illustration.—Mr. H. W. Bates communicated a paper on Cera-
tor/iina quadriinaculala. Fab., and description of two new allied

species. Specimens of the new species and also of C. inorgani,

Westw., were exhibited.

Physical Society, May 12.—Prof. G. C. Foster, president,

in the chair.—The following candidates were elected members
of the society :—Capt. R. V. Armstrong, R. E., Mr. W. H. M.
Christie, Lieut. N. Darwin, R.E., I'rof. E. Frankland, D.C.L.,
F.R.S., Mr. H. F. Morley, Capt. R. G. Scott, R.E., and Mr.
Angus Weiss. Mr. S. P. Thompson read a paper on the chro-
matic observation of the eye in relation to the perception 01

distance. He discussed the various means of estimating dis-

tances by the eye, showing that when data for forming a judg-
ment by the associations of visible form or visible magnitude
fail, the judgment is founded on "aerial perspective," or else

upon the muscular sensation of adjustment to focus. As the
eye is, however, not achromatic, it cannot be in focus at the
same time for red rays and blue rays proceeding from one object,

but may be in focus if the blue rays come from a mere remote
object. This gives a definite basis to the axiom of painters that

blue is a retiring and red an advancing colour. Experiments
were described demonstrating the truth of this fact, and illustra-

tion was afforded of the chromatic aberration of the eye by
casting beams of light through a solution of permanganate of
potash upon a silvered ball, the illuminated point appearing red
with a blue surrounding halo to an eye adjusted to short focus,

but blue with a red halo to long focus.—Prof Guthrie referred

to the theory by which the apparent size of an object depends
on the amount of nervous excitement which it occasions, whether
this be due to the extent of the illuminated area or the
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intensity of its illumination, and he pointed out that an object

always appears larger when looked at with two eyes than with

one eye.—Mr. Roberts drew attention to the fact that the system
ordinarily adopted in mechanical drawing of a'lsuming the light

to fall from the left hand top-corner gives an appearance of

solidity, whereas if this be reversed, and the light falls from the

right-hand bottom corner the object appears hollow.—The pre-

sident referred to the well-known fact that if two stereoscopic

pictures are taken, representing the same object in complemen-
tary colours, most people have a great difficulty in comljining

them so as to see a single picture of a ntutral tint.—Mr. S. P.

Thompson then described a curious observation of change of
pitch occurring when a tuning-fork is caused to rotate rapidly

round its axis ; the nodal interferences at each quarter rotation

ceasing to be separately heard when recurring more than about
thirty times in a second. He has attempted various ways of
estimating the amount of this change of pitch, including a
method founded on the binaural estimation of interference beats.

Institution of Civil Engineers, May 8 and 15.—Mr.
George Robert Stephenson, president, in the chair.—A paper
bySirG. W. Armstrong, C.B, F.R.S., V.P. Inst. C.E., on
the history of the modern development of water-pressure ma-
chinery was read.

Cambridge

Philosophical Society, May 7. —Prof. Clerk Maxwell, presi-

dent, in the chair.—Mr. J. W. L. Glaisher read a paper on ex-

pressions for the theta functions as definite integrals.—Mr.
Warren's fourth "Exercise in Curvilinear and Normal Co-
ordinates" was presented to the Society by Prof. Cayley, and
will appear in the next issue of the Society's Transactions.

Paris

Academy of Sciences, May 14.—M. Peligot in the chair.

—

The following papers were read :—Isoperimetric triangles having
one side of constant size and the summit atja fixed point, by M.
Chasles.—Rot.alory action of quartz on the plane of polarisation

of obscure calorific rays, by M. Desains. He has examined the

action of six groups of dark rays of decreasing refi;angibility.

The law of thicknesses still applies to tlie least refrangible rays.

In the symmetrical dark region of nearly extreme violet the

polarised heat is so little sensible to the action of quartz that

transmission through a plate 0015 m. thick, gives hardly a rota-

tion of 5 degrees, or J degree per millimetre. This is 132 times

less than for the violet of M. Biot's table. M. Desains de-

scribes his apparatus fully.— Analysis of an ancient wine, pre-

served in a glass vessel sealed by fusion, by M. Berthelot. This
was found on the site of an old Roman cemetery near Aries,

and probably dates back some sixteen hundred years.—Analysis

showed in a litre, 45 c c. alcohol, 3 '6 gr. fixed acids, 0'6

bitartrate of potash, 1'2 acetic acid. There were [also

tartrate of lime and traces of acetic ether. It is a weakly
alcoholic wine, which must have entered on acetification before

being put in the tube.—M. Senet presented tome vii. of the
" Cl'^uvres de Lagrange," completing the series. — On the new
navigation, by M. ^'illarceau.—On the origin and nature of the
fever called typhoid, by M. Guerin. The object of this third

memoir is to show that the toxical principle produced by ster-

coral fermentation causes what are looked on as the anatomical
characters of the fever. M. Guerin has proved that the liquids

specially poisonous are those which accumulate near the end of

the ileum, and are permanently retained by theileo-crecal valve.

The poison passes into the mesentery and to the ganglions con-
tained in it—New exposition and generalisation of the method
of Gauss for calculatnig approximately a definite integral, by
M. Pujet.—New meteorological maps of the South Atlantic,

giving at once the direction and the intensity of the winds, by
M. Brault. The general movement of the summer winds
there is that of an immense cyclone with its centre about
30° or 35° south latitude, and 10° or 20° west longitude. It turns

in opposite directions to the hands of a watch, and gives

off the south-east trades towards Africa, &c. There is not a zone
of tropical calms, nor a zone of weak and arbitrary breezes.

—

On a new type of simple monstrosity, omphalocephaly or umbili-

cal hernia of the head, by M. Dareste. The head seems to

come from the aperture of the umbilicus. The form has been
observed in the hen, but not in man or mammalia.—Experiments
made at the vitreolar station of Cognac with the view of finding

an efficacious remedy against phylloxera, by M. Mouillefert.

This is in favour, specially, of sulpho-carbonate of potassium.

—

On a modification of the pneumatic mercury machine, by M.

Serret. This consists in substituting a simple valve for the glass

stopcocks. In another form, even the valve is suppressed, and
vacuum obtained by free circulation of mercury in simple tubes.

—On solar spots, by M. Tacchini. He thinks the sun's surface

at present in a true state of repose relatively to the great pheno-
mena observed at a time of maximum sun-spots. He shows the
contrast in metallic eruptions and spots between 1S71 and 1876
by figures. In the first four months of 1877, he adds, there has
been a diminution in the visibility of magnesium, so that the
line 1474 K has had a marked superiority.—On the otheoscope,
(a new arrangement of the radiometer), by Mr. Crookes.

—

Direct transformation of mechanical work into electricity, by M.
Guignet. In an electromagnetic machine, having six electro-

magnets and a drum with six bars of soft iron, the wires are

connected with a galvanometer and the drum is rotated by the
hand. A continuous current is thus produced, and it is reversed

on reversing the rotation. This experiment also shows the in-

duction taking place under the influence of the earth ; the soft

iron is magnetised, and the magnetisation increases with the
speed of rotation.—Note on work in chemistry at the Poly-
technical School of Rio de Janeiro, by M. Guignet.^On work
of the School of Mines of Ouro Preto, by M. Gorceix.—On some
monochlorised acids of the amylic series, by M. Demar9ay.—On
the salts of sesquioxide of chromium, by M. Etard.—Researches
on pseudopurpurine ; continuance of researches on the colouring

matters of madder, by M. Rosenstiehl. The remarkable insta-

bility of pseudopurpurine (he says) is a happy circumstance; as

neither it nor alizarine could give a plant the extraordinary

importance of madder.—On an application of the microscope to

ceramic art, by MM. Fouque and De Cessac. This refers to

vases found at .Santorin.—On a new larval form of Cestoides, by
M. Villot. — On granular conjunctivitis in Eg)-pt ; rcsiiin! of

observations on ophthalmias of North Africa, by M. Gayat.
Eye diseases are endemic in North Africti, and have their common
origin in granular conjunctivitis, which is brought on by atmo-
spheric and terrestrial conditions.—Treatment of hypopyon, by
M. Fano.—On Jf. Maumene's gas hydrometer, by M. Dumas.
—A new arrangement of the electromagnetic induction apjiaratus

with automatic interruption, by M. Becquerel.—On the glaciers

of Greenland, by M. Malland.

Rome
R. Accademia dei Lincei, April 15.—The Age of Bronze

in the piles of Peschiera in the Lago di Gardo, by M. Ferri.

—

On the use of the reversed siphon in the ancient conduits of
water, by M. Lanciani.
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THE UNIVERSITIES BILL AND UNIVERSITY
MOVEMENTS

1"'HE monotonous progress of the Oxford and Cam-
bridge Bill through the House of Commons has

never been interrupted. The Government having drawn

its measure, consents to modify it in a few trivial points,

but wherever it does not consent, the House accepts

it and passes it as an elementary matter of party disci-

pline. Very few of the amendments are of serious im-

portance. Lord Edmond Fitzmaurice has added perhaps

the most valuable. He enables the Universities to give

a definite status and payment for any special educational

work done out of the University under its control. Thus
the funds of Oxford and Cambridge may be freely used

in support of their missionary efforts in the large and

neglected towns of England. There is no reason why
permanent educational centres should not be established

under this clause in any part of England. Any College

with too much money can assign a sufficient portion of it

to the advancement of learning in the neglected provinces.

Leeds, Bristol, Birmingham, Halifax, Sheffield have had

university men lecturing in their midst under the Uni-

versity Extension Scheme, and Lord Edmond Fitz-

maur ice's amendment invites the colleges to support and

endow this movement. Under it the " idle fellows" who
now run off to the bar will be drawn more and more into

teaching, for teaching will open to them more and more of

a career. No doubt there is risk that the possibility of

such grants may paralyse local effort. But as yet it is only

a possibility, and the colleges may be trusted to distribute

their money only in places where adequate local effort can-

not be expected. Another amendment by Mr. Trevelyan

enables the Commissioners to review the conditions under

Avhich university emoluments can be given, especially those

relating to age. There is no doubt that the age of under-

graduates has increased, is increasing, and ought to be

diminished. The honour man keeps back at his school

as long as possible in order to make sure of getting

his entrance scholarship. Even if the age at which

entrance scholarships can be taken were restricted,

honour men might in many cases delay so as to have

a better chance after they come up of the scholar-

ships and fellowships which are to be gained while in

residence. It is reasonable to say that the work which

a man is to do under the pressure of a prize examination

ought to be over by twenty-one. What comes after is

another matter. The competitions of the University

imply a discipline which is admirable for youth " under

tutors and governors," but which is merely fatiguing to

men of mature intellect with serious objects in life.

A clause is to be brought up by Mr. Goschen on the

report which provides that the Commissioners shall first

publish the main outlines of their plans before they are

allowed to apply them in detail. Certainly it seems odd
that Parliament should consent to throw the whole of the

questions affecting the Universities into the hands of any

body of Commissioners without asking for some statement

from them by which they may discover the general drift of

their ideas and the character they propose to give their

work. It is of great importance that before any one of them

Vol. -xvi.—No. 396

is dealt with the Colleges should know on what principles

it is proposed to deal with all of them, and what are the

objects to which, in the opinion of the Commissioners,

the money taken should be applied. In an amusing
letter to the Pal! Mall Gazette a few days ago, Mr-

Dodgson, of Christchurch, represents science at Oxford as

first modestly asking endowment to enable her to teach,

next claiming endowment for boys to be sent to her to

be taught, and lastly demanding an endowment to

enable her to "think." It is an amusing travestie of

the claims of the more advanced and extreme " re-

searchers," and it is natural to ask what is the view of

the Commissioners on the subject.

Since Parliament separated for the Whitsuntide holidays

two things have happened in 0.\ford, which indicate the

drift of that University opinion which in the end controls

the actions even of Commissioners. The first was the

Oxford scheme for new professorships. It was an echo

—certainly an exaggerated one— of a similar scheme
proposed some time ago by some similar board of studies

in Cambridge, and they both showed that the leading

members of the two Universities are not indisposed to

consider very large and radical schemes of reform. Both
of them will give fresh strength to the party, more power-

ful perhaps in sympathy than in numbers, which is sus-

picious not merely of proposed researchers with nothing to

do but " to think," but of possible professors with very few

lectures to deliver, and still fewer students to hear them.

It is the commonest and the most vulgar argument
against such proposals that they are really drawn in the

pecuniary interest of the class of actual and possible

professors who are numerous in the Universities. The
Hebdomadal Board shows us at any rate one distinct way
in which it is possible to utilize the endowments of Oxford

and Cambridge, and they put fairly before us the question

whether it is not a better way than the prize fellowship

system.

The second event of the past week was the discussion

in congregation of the new resolutions on natural science

degrees. It is proposed that instead of there being one
kind of degree and only one—that in Arts—open to ordinary

undergraduates, a new degree shall be created in Natural

Science. The Bachelor of Arts has to pass three exami-

nations, at which he has to show proficiency in Latin and
Greek. It is proposed that the new Bachelor of Science

should be let off with Latin or Greek, the missing

classical language being replaced by German or French.

The Bachelor of Science was meant to know more ma-
thematics than the Bachelorof Arts, but the mathematical
men have pressed the question whether mathematics
itself is not a science, and whether mathematical honour
men ought not to be let off as well as experimental men
with one dead language. So far as things have yet shown,

Oxford is in favour of the change, and eager to consider

the case of the mathematicians. These are, in fact, the

proposals of the Duke of Devonshire's Commission. We
desire to speak with the greatest possible respect of those

who maintain the status quo of the two classical languages,

but it seems to us impossible to ignore the fact that the

Greek learned by the pass man is about as much of a

" possession for ever" as the Hebrew of most clergymen.

It is begun late ; it is not carried far enough to give the

student any real pleasure in reading a Greek book for
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himself; it is thrown aside as soon as its use, which is

solely a " pass " use, is over, and done with. Mr. Sidg-

wick sa>s, with perfect fairness, that " the study of Greek is

one thing, the knowledge of the Alastis and the study of

Mr. Bohn's translation of it another." That the University

should have voted in this sense by sixty-three votes to

forty, and expressed its desire to treat the mathematicians
as entitled to a similar relief by twenty-seven to fourteen

is a conclusive proof that the world moves even at Oxford.

Many of those who are best acquainted with that Uni-

versity indeed declare that it is there only that it does

move— at all events, that it is only there that it moves
by "leaps and bounds," as British commerce used to

do in the happy days of Mr. Gladstone's ministry ! Cer-

tainly the votes of Oxford are often more liberal than

those of London, and we cannot doubt that whenever the

new Commission sets to work it will find as much im-

pulse as obstruction from that great University. Of Cam-
bridge itself it has ceased to be true to say that she

maintains her usual attitude of magnificent repose. The
universities are anxious to reform themselves if they

only know how—the Commissioners will be happy to

assist them if they only get power enough—and we may
perhaps hope that a few " thinkers " may get something

out of the reconstruction better than the very plain living

with which their " high thinking '' has hitherto been so

commonly coupled.

THE NEED OF MUSEUM REFORM
FEW of the many subjects now pressing themselves

on the attention of the public are more important

than that of museums, of the work which they are doing

now in general education, and what they may reason-

ably be expected to do in the future. It is one which

has occupied my mind for many years, and on which I

venture to offer the following remarks.

The collecting instinct, the desire to accumulate what

strikes the fancy, is so universal in all minds lifted above

the satisfaction of the mere animal needs, that its absence

is to be viewed as an infirmity or misfortune analogous to

colour blindness or deafness. It is present in some form

or another in most savages, and even in some birds, such

as the bower-bird. It is based ultimately on the principle

of curiosity combined with that of selfishness. Poor and

much to be pitied is the man who has it not. The collec-

tions which result from it bear the stamp of the individual

who makes them, and arc as various as his tastes.

They may be conveniently termed museum units, which,

like molecules, have a tendency to coalesce into bodies of

greaterorless size,and thus constitute museums. Theseare

of high or low organisation according as the units keep or

lose the stamp of the individual, and have been moulded

into one living whole or are dissociated. They are highly

organised and valuable if the parts are duly subordinated

to each other and brought into a living relationship ; they

are lowly organised and comparatively worthless if they

remain as mere assemblages of units placed side by side

without organic connection and without a common life.

Unfortunately in this country the provincial museums
mostly belong to this latter class. It is that which takes

shelter for the most part in the top rooms of Mechanics
Institutes and in the holes and corners of Free Libraries

and Museums. In one instance ,'which occurs to me, you

see a huge plaster cast of a heathen divinity surrounded
by fossils, stuffed crocodiles, minerals, and models of

various articles such as Chinese junks. In another, a mu-
seum unit takes the form of a glass case containing a frag-

ment of human skull and'a piece ofoatcake labelled " frag-

ment of human skull very much like a piece of oatcake."

In a third, wax models are exhibited of a pound weight of

veal, pork, and mutton chops, cod fish, turnips, potatoes,

carrots, and parsnips, which must have cost the value of

the originals many times over, with labels explaining

their chemical constitution, and how much, flesh and fat

they will make—^just as if the public were unacquainted

v;ith those articles of food, and required any information

as to what these names really cover. Strangely enough
this museum unit appears modern. In very many
museums art is not separated from natural history, nor

from ethnology, and the eye of thelbcholder takes in at a

glance the picture of a local worthy, a big fossil, a few

cups and saucers, a piece of cloth from the South Seas,

a war club or two, and very possibly a mummy. The
result of such an association as this, of articles which have

no sort of relationship with the rest, is to convert the

whole into rubbish, using the word in the Palmerstonian

sense of being " matter in the wrong place." I do not

mean to say that museums of this low order are useless.

In default of better they are useful, just in proportion as

they encourage the collecting instinct in the beholders.

They may ultimately arrive at the higher stage of develop-

ment. It is, however, a reproach to this country that

museums of this low type should be found at tliis time,

not merely in the smaller towns, but in some of the more
important centres of population. They constitute a serious

blot on our educational system, which we are striving to

make as perfect as possible, since they are worse than

useless for purposes of teaching. Instead of the natural

harmony of things, they put before the mind a fortuitous

concourse of atoms which is a very chaos.

While this state of things prevails largely in this

country, there is no room for astonishment that museums
of natural history hold the position which they do hold in

the public mind. They are looked upon as haunts of the

mere specialist, and as altogether outside any scheme

for the advancement of the higher studies. If they are

sufficiently attractive to be visited, they are treated as

places of amusement, in which " a happy day " may be

spent, instead of places of instruction. They are some-

times avowedly arranged for that end. It rarely enters

into any one's head that collections are as absolutely ne-

cessary for the advancement of natural history studies, as

books to the literary student, though it is allowed on all

hands that natural history is of great importance in

general education. Until this anomaly be removed by

the re-arrangement of the museums which require it, ard

the establishment of new ones, it is hopeless to expect the

natural sciences to flourish as they should flourish, or for

them to assume the importance which they deserve in the

studies of this country. To the obvious remark that the

fruits of English natural science are not worse than those

of our neighbours, it may be answered that what has been

done is the result of personal effort overcoming obstacles,

and succeeding in spite of disadvantages. The fact that

some men can swim does not render life-belts unneces-

sary for those who cannot.
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Well-arranged museums of every kind are now ?n educa-

tional necessity in every highly civilised state, and every-

where excepting in our own they are put on exactly the same
footing as libraries. They are to be seen in nearly every

town of any pretension on the Continent, and in cities,

such as Turin, Bologna, Lyons, Brussels, and Hamburg,
they exist on a scale which is only rivalled by those of

London. In the United States, also, and in Australia,

their value to society at large is fully recognised. They
arc liberally supported and largely endowed. In no mu-
seum out of Britain have I seen the chaos from which our

own are now painfully and slowly emerging.

There are many highly organised museums in Britain

which perform their true function as repositories of know-

ledge, such as those at London and the Universities,

those of Leeds, Liverpool, Bristol, Taunton, Exeter,

.Salisbury, and others. Their numbers must be largely

increased if we are to hold our own in the race for know-

ledge with our neighbours on the Continent and our

kinsmen in Australia and America.

W. Boyd Dawkins

FOSTERS " TEXT-BOOK OF PHYSIOLOGY"
A Text-Book of Physioh^y. By M. Foster, M.A., M.O.,

F.R.S., Prajlector of Physiology, and Fellow of Trinity

College, Cambridge. (Macmillan, 1877.)

PHYSIOLOGY, like most other sciences, has been

making rapid strides within the last half cen-

tury, and although scarcely yet to be classed among the

exact sciences, the number of well-estabhshed facts which

have been accumulated is not inconsiderable, and is in

several cases sufficient to serve as a substantial founda-

tion for the building up of more or less stable theories,

and the enunciation even of tolerably fixed laws. Conse-

quently it is to-day no longer necessary to urge the im-

portance of the cultivation of physiological science as the

basis of rational medicine. Not only is this fully recog-

nised by the medical profession but there are distinct

indications that the public in general is beginning to

appreciate the importance of a correct knowledge of the

normal processes which are going on within the body,

preparatory to the recognition and cure of such devia-

tions frcm the natural processes as constitute disease.

And no wonder the science should be popular the object

of which is to teach us how "we live and move and have

our being I

"

Students of physiology in this country have long needed

an advanced text-book containing the leading facts and

inferences of the science set forth at length and in-

telligibly, the statements and deductions which are less

important or less clearly established being relegated to

the background of small print, or even omitted altogether.

The place of such a book was supplied in Germany by

Hermann's " Grundriss der Physiologic," in every respect

a model text-book, and one of which it is impossible to

speak too highly ; and it was hoped that the production

last year of a translation of Hermann's work would meet

the requirements of the English student. But whether

s'mply from the fact of its being a translation or from

other causes, certain it is that the book has not fulfilled

the expectations which were entertained with regard to it.

It is, therefore, a matler for sincere congratulation to

physiologists that one in every respect so well qualified

for the task as Dr. Michael Foster should have under-

taken to provide what was so much needed in the way of

a text-book, and also, it may fairly be added, to himself,

that he should have brought the undertaking to so suc-

cessful an issue.

Dr. Foster's aim in writing the [book is best given in

his own words :

—

" I have striven to explain, in as clear and straight-

forward a manner as I could, the main facts and funda-
mental principles of physiological science. The student
before whom things both new and old are tumbled out of
the physiological treasury, without adequate critical ap-
preciation ot their respective values, is simply bewildered
instead of being taught And it is the duty of the
teacher to bring his pupil to that which is fixed and sure,

without too much display or too much neglect of that
which is uncertain and loose A desire to contri-

bute, as far as my powers will allow, to the development
of physiology in the medical profession has been my
guiding principle in writing the book."

The style of treatment and the mode of thought pur-

sued throughout are characteristic of the author, and
serve to indicate the originality of the book, always one

of the chief merits of a work of this sort. It is often

thought that a scientific text-book need be little more
than a museum of facts and opinions, carefully arranged

and neatly labelled, to enable them the more readily to be
" got up " by the student, in order that he may be able

to satisfy an examiner with a narration of whatever has

been stated or conjectured about any particular sub-

ject. Were this the case, the making of a text-book

would be a mere matter of scissors and paste-brush, and

the task could be performed by any one who was capable

of reading the language of the science. That the idea is

a wrong one is so self-evident that it would be waste of

words to delay in refuting it. Even an elementary text-

book is never so well done as when it is taken in hand

by one who is a master in the science. There is a well-

known instance in this particular science of physiology,

and, in fact, it is to Huxley's " Lessons" that Dr. Foster

wishes his book to be regarded as the sequel.

An indication of the original character of the book be-

fore us is to be found in the fact that it is not through-

out equal. All the subjects are well done, but some are

better treated than others, a result to be expected from

the very extended nature of the science. No one—not

even a Helmholtz—can pretend to an intimate personal

acquaintance with all the branches of so ramified a

science, and it is casting no slur upon the rest of the

work to single out a section here and there, characterised

by the especial clearness with which the known facts are

stated and the phenomena are discussed and explained.

The articles on the coagulation of the blood and on gas-

tric and pancreatic digestion, and the chapter on the

spinal cord, may be especially mentioned as illustrations

of this.

Another and a more prominent indication of originality

is occasionally met with in the descriptions of observable

phenomena, facts being here and there noticed which are

obviously the result of personal observation, and which

have not hitherto so far as we are aware, been noted

down. Thus in describing the phenomena of the heart's

beat in mammals the contraction of the auricles is stated

to be preceded by a peristaltic contraction of all the
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great veins which open into the heart. And there is no

doubt that Dr. Foster is right in describing this as a

distinct factor in the cardiac cycle.

The manner in which the nervous system is introduced

to the student calls for special comment. In treating of

the various phenomena of the circulation, respiration,

secretion, &c„ frequent mention must necessarily be

made of the relation of the nervous system to those func-

tions. This pre-supposes a knowledge of the mode of

origination and transmission of nervous impulses, and of

the changes they may undergo in transmission, and

hence of the fundamental properties of the nervous tissues.

It might well, therefore, be deemed proper to commence a

work on physiology with the account of a system which,

in the higher animals at least, dominates and directs all

the other functions. But on the other hand, from its

greater intricacy, it is found in the teaching of physio-

logy by far the most convenient plan to defer the account

of the nervous system until the simpler, and more ob-

viously physical phenomena of the living body have been

dealt with.

Dr. Foster has got out of the dilemma in an ingenious

and effectual manner. For whilst the account of the

central nervous system and its principal instruments

—

the sense-organs—are reserved for one of the concluding

chapters of the book, a short exposition of the funda-

mental properties of the nervous tissues, and also, but in

very general terms, of the special functions of the chief

nervous centres, is introduced at quite an early stage—

a

mode of dealing with the subject which enables such im-

portant questions as the influence of the nervous system

upon the heart, respiration, secretion, &c., to be discussed

at length with their respective subjects in place of being

deferred until the end of the book. We are not sure that

this introduction to the nervous system might not with

advantage have come in even earlier than it does ; as a

sequel, in fact, to the chapter with which the work is

introduced.

We quote a few passages from the prefatory article

on the fundamental properties of the nervous^system as

yielding an illustration of the gradual, easy way in which

Dr. Foster leads up to a difficult subject :

—

" In its simplest and probably earliest form a nerve is

nothing more than a thin strand of irritable protoplasm,

forming the means of vital communication between a
sensitive ectodermic cell exposed to extrinsic accidents,

and a muscular, highly contractile cell (or a muscular
process of the same cell) buried at some distance from
the surface of the body, and thus less susceptible to

external influences. If in hydra we imagine the junction

of the ectodermic process with the body of its cell to be
drawn out into a thin thread (as appears to be the case in

some other hydrozoa), we should have just such a primary

nerve. Since there would be no need for such a means
of communication to be contractile and capable of itself

changing in form, but on the other hand an advantage in

its remaining immobile, and in its dimensions being
reduced as much as possible consistent with the main-
tenance of irritability, the primary nerve would in the

process of development lose the property of contractility

in proportion as it became more irritable, z>., more apt

in the propagation of the waves of disturbance arising

within the ectodermic cell.

" We have already seen (introductory chapter) that

automatism, /.<., the power of initiating disturbances or

vital impulses, independent of any immediate disturbing

event or stimulus from without, is one of the fundamental
properties of protoplasm. In simpler but less exact

language, such a mass of protoplasm as an amceba,
though susceptible in the highest degree to influences

from without, 'has a will of its own.' .... A hydra has
also a will of its own ; and seeing that all the constituent

cells are alike, we have no reason for thinking that the
will resides in one cell more than in another. ... In
both hydra and amceba the processes concerned in auto-

matic or spontaneous impulses, though in origin indepen-
dent of, are subject to and largely modified by, influences

proceeding from without ....
"The next step of development beyond hydra is evi-

dently to differentiate the single (ectodermic) cell into

two cells, of which one, by division of labour, confines

itself chiefly to the simple development of impulses as
the result of stimulation, leaving to the other the task of

automatic action, and the more complex transformatioa
of the impulses generated in itself The latter, which we
may call the eminently automatic cell, will naturally be
withdrawn from the surface of the body, while the other,

which we may call the eminently sensitive cell, will still

retain its superficial position, so that it may most readily

be afi'ected by all changes in the world without. And j jst

as a primary motor nerve arises as a retained thread of

communication between a sensitive cell and its own muscu-
lar process, so a primary sensory nerve may be conceived
of as arising as a thread of communication between an
eminently sensitive cell, and its twin the eminently auto-

matic cell Naturally the muscular process or mus-
cular fibre would, on the splitting of the original single

cell, remain in connection with the most eminently
automatic. We thus arrive at that triple fundamental
arrangement of a nervous system in its simplest form,

viz., a sensitive cell on the surface of the body connected
by means of a sensory nerve with the internal automatic
central nervous cell, which in turn is connected by means
of a motor nerve with the muscular fibre-cell

"

In the introductory chapter of the book the physio-

logical processes which occur in the amoeba arc described,

and these are taken as the basis upon v/hich the whole

superstructure of the science is to be built up. This is a

wise course to pursue, for in a work on physiology the

amceba cannot have too prominent a place assigned to it.

It is over the amreba that the batde of physiology must

eventually be fought out.

The chief organic compounds met with in the animil

body are considered together in an appendix, which has

evidently been carefully drawn up, and will be found not

the least useful portion of the book. It is, no doubt, an

advantage in many respects to have a series of similar

facts thus collected and put on one side for reference. At
the same time it may be questioned whether in the case

of some of the bodies which hive been relegated to this

situation—the constituents of the blood and urine, for

example— it would not have been better rather to have

awarded them somewhat greater prominence in the parts

of the book which treat of the special fluids or secretions

in which they occur. A frequent reference to the appendix

in such places might answer the purpose.

It is pleasant in a book of this sort to be able to find

so little that is open to adverse criticism. It is true the

latter part of the work bears traces of haste, and one or

two important subjects are somewhat lightly dealt with.

Moreover here and there statements which are anything

but " fixed and sure " are to be found clothed in large

type, while others, which are based upon a large number

of exact experiments (the observations of Ludwig and
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Woroschiloff upon the paths of conduction in the spinal

cord, for example), are confined to small print. Excep-
tion might also be taken to the somewhat dogmatic deci-

sion of an undecided question, such as that of the cause

of the pulse-dicrotism. And it may be doubted whether
the introduction, if not of pictures, at least of a greater

number of diagrams, would not render some of the sub-

jects easier to the comprehension of the student. But
loolced at as a whole, the book must be pronounced
thoroughly well done, admirably .adapted for its purpose,

and creditable alike to its author and to the science which

it is intended to promote. E. A. Schafer

WEISBACH'S "MECHANICS OF
ENGINEERING"

A Mainml 0/ the jSIcihatiics of Eiigiiiccrine;, and of the

Construction of Machines, with an Introduction to the

Calculus, by Julius Weisbach, Ph.D. Vol. I.—Theo-
retical Mechanics. Translated from the Fourth Aug-
mented and Improved German Edition, by Eckley B.

Coxe, A.M. (London : Triibner and Co., 1877.)

THERE is, perhaps, no book on mechanics so well

suited to the wants of civil and mechanical engi-

neers as the late Ur. VVeisbach's " Lehrbuch der Ingenicur

und Maschinen-Mechanik." In his preface to the first

edition of his work the author thus stated his design

(we quote from the translation before us) :

—

'" My principal effort has been to obtain the greatest

simplicity in enunciation and demonstration, and to treat

all the important laws in their practical applications with-

out the aid of tlic higher mathematics. If we consider

how many subjects a technical man must master in order

to accomplish anything very important in his profession,

we must make it our business as teachers and authors for

technical men to facilitate the thorough study of science

by simplicity of diction, by re.Tioving whatever may be
necessary, and by employing the best known and most
practicable methods. For this reason 1 have entirely

avoided the use of the calculus in this work. Although at

the present time the opportunities for acquiring a know-
ledge of it are no longer rare, yet it is an undeniable fact

that unless we are constantly making use of it, we soon
lose that facility of calculation which is indispensable

;

for this reason so many able engineers can no longer

employ the calculus which they learned in their youth.

As I do not agree with these authors who in popular trea-

tises enunciate without proof the more difficult laws, I

have preferred to deduce or demonstrate them in an
elementary, although somewhat in a roundabout manner."

Weisbach was severely censured by some people for

attempting to treat his subject without the higher mathe-

matics, but he kept to his own way, saying that he in-

tended his work not as a university text-book, but only

for "practical men." In the later editions of his work,

however, he gave additional demonstrations of some of the

laws by the differential and integral calculus, on which

he also added an introductory chapter, which surpasses

in clearness anything we have seen on the subject. In

judging of Weisbach's m.ethod we must not forget that

few men had so much experience in teaching practical

engineers, and that no one had a better knowledge of

what such men really require ; and we must at least

acknowledge that, although in some few cases he may
have carried his system too far, and have sacrificed scien

tific exactness of expression to mathematical simplicity, if

he erred, he did so on the right side. Most English

authors of books on mechanics and kindred subjects seem
to forget how small is the amount of mathematical know-
ledge possessed by the average engineer. In the rising

generation of engineers this is no doubt changing for the

better, but there are still many in this country—men of
ability and men who have executed works which do credit

to the nation— whose ideas of the diflerential and integral

calculus are vague in the extrem.e, and it is satisfactory

that there is at last a standard work for their use.

The work appeared originally in two parts. The first

" Theoretische Mechanik," and the second, " Statik der

Bauwerke und Mechanik der Umtriebsmaschinen." To
these was afterwards added a third, " Mechanik der
Zwischen und Arbeits-Maschinen." The volume before

us is a reprint of an American translation of the fourth

German edition of the " Theoretische Mechanik." This

edition was published in 1863. In 1875, after the author's

death, a fifth edition was issued, which differs to a small

extent from the fourth. It contains a chapter on springs)

taken principally from Reuleaux's " Construction und
Berechnung der fiir den Maschinenbau wichtigsten

Federarten;" another on the general principles of

dynamics, also, in the Appendix, " The Elements of

Graphical Statics," none of which are in the fourth edition.

We regret that the chapter on graphical statics was
not added to the translation. The graphical method
seems likely to come more generally into use, and a short

introduction to it, giving the general rules for its appli-

cation to statics, and showing the manner of using it,

would have added to the value of the book.

Mr. Co.xe has done the work of translation carefully,

and, on the whole, well. He has avoided the blunders

made by the author of the former translation, and he

has given a faithful lendcring of the German. He uses,

however, many terms which are not in use in this country,

and we are sorry that they are far from being improve-

ments. He talks, for example, of the centre of gravity of

lines and geometrical figures, of " living forces " (surely

VIS viva was quite bad enough), &c. There is room for

difference of opinion as to whether Mr. Coxe has done
wisely in retaining the various tables in the book on the

metric system.

This translation is wonderfully free from misprints, and
most of those which do exist are quite apparent. On
p. 479, for example, we find the following :

—
'' Rem,4RK.—

Under the supposition that the proof strength increases

and decreases with the ultimate strength, the English

engineers increase the size of that portion of cast-iron

girders which is subject to compression," &c. (the italics

are ours). On p. 121, § 21, t/ = — (—'') should be:

V = -— , and " The clement of time t (tit)" should

be : The element of time t = <i t. On p. 291, § 157, we

have: "From this we obtain QH = U R.tan.cp=dR."

Then on the line below "
-L. . _,whichislhe difference,"
t>

//' '

&c. This should be 0R= OR. tan. (j> = OR.L .K.. ''

Weisbach's name is known in this country principally

in connection with hydraulics. In this branch of mecha-

nics he was a most laborious experimentalist, and he

obtained many valuable results, many of which are incor-
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porated in the work before us. In this first volume of his

work the discharge of water is very fully treated. Un-

fortunately, however, his so-called theoretical formulas

belong to the same category as those which Prof James

Thomson of Glasgow showed in his paper, read before the

last meeting of the British Association, to be founded on

assumptions which are not in accordance with known

hydrodynamic principles.

On page 851 of this translation there is a formula to

which we would draw attention. It is taken from " The

Lowell Hydraulic Fxperiments," by J. B. Francis, and is

for the discharge of water over a weir. This formula is

"Q = 3'33 ("^ " 01 "''O''''
English cubic feet, in which //

denotes the head of water above the sill of the weir, / its

length, and 11 either o or i or 2, according as the contrac-

tion of the vein is prevented upon both, one, or none of the

sides." Prof. Thomson, in the above-mentioned paper,

referred to this formula as identical, in its general form

a (/ - /3 « li)h^, with the one which he had deduced from

known principles as the true theoretical formula. Mr.

Francis put it forward merely as an empirical formula

which agreed with the results of his experiments, and it is

curious that he should have made a guess which turned

out to be more in accordance with the true theory, than

all the previous so-called theoretical formulas, which had

been advanced and sanctioned by the best authorities.

Patrick Edward Dove

OUR BOOK SHELF
A General Dietionary of Gcooraphy, Descriptive, Phy-

sical, Statistical, Historicalj forming a Coniplcie Gatet-

\
tecr of tlic World. By A. Keith Johnston, F.R.S.E.

New edition, thoroughly revised. (London ; Longmans
and Co., 1877.)

The title of this work is somewhat misleading. The
" physical" and "historical" elements are so meagre that

they are scarcely worth mentioning as features of the

work. To call this a " complete gazetteer of the world "

is a misuse of the term "complete;" incomplete would

have been more accurate. Even on the scale of the

present work it would take a gazetteer at least three

times its size to contain anything like a register of all

the places one would naturally expect to find in a

"complete" gazetteer. The work includes a selection

of the more important places in the world, very few

towns, for example, out of the United Kingdom being

given, whose population is under 1,000. We find no fault

with the publication of a selective gazetteer, but it should

not pretend to be more than it is. When compared with

Ritter's well-known work, e.g., the proportion of places

found in the latter as compared with "Johnston " is some-

thing like five to one. We believe a service would be

done to the public by the issue of a gazetteer containing

simply all the names omitted in " Johnston." ,
It is not for

well-known places we turn up a gazetteei, but for names
that one seldom hears. During these Eastern troubles,

how many names of places not to be found in "Johnston"

have become of great importance, and during the war just

begun how many more are likely to come prominently

into notice ? On the other hand, much valuable space

is occupied with catalogues of streets and public buildings

in the articles devoted to well-known places like London,

Edinburgh, Paris, Vienna, &c. All that can be said about

public buildings and similar features of a town in a

gazetteer of this scale is practically useless ; the space

would be used to much better purpose by an enlarge-

ment of the list of names. In Russia, for example,

nearly all " towns " and " villages " seem to be omitted.

many of them with thousands of inhabitants, only "dis-

trict towns," as a rule, being given. Poland and Finland

are also very unsatisfactory ; in fact these countries have

never been properly " gazetteered" even in Russia.

In several instances the "latest" information has evi-

dently not been obtained. To get it, indeed, would

involve a vast amount of research among oflicial publica-

tions and travellers' narratives, but in a standard work
such research is demanded. In Switzerland, we are in-

formed by a Swiss friend, much of the information is half

a century behind date. Under Chaux-dc-Fonds. e.:^., the

statement with regard to the manufacture of chains for

the movements of watches has not been true for at least

thirty years ; and there is no lace now made at St. Imier. To
arrange the wealth of information published by the United
States Survey alone would involve much time and labour

;

we fear that for the new edition this has not been thoroughly

done. Nearly two years ago Mr. W. H. Dall, of the United

States Coast Survey, published a Report on the moun-
tains in the Alaska territory. Yet no use has been made
of this Report though it is quite accessible. For Mount
St. Elias the height in the English Admiralty Chart, 14,970

feet is given, instead of upv/ards of ig,ooo feet, obtained by

the careful measurement of the United States Survey in

1S74. The height of Mount Fairweather is set down as

14,708 (1855) instead of 15,500 (1S74) ; Mount Crillon

13,500 instead of 15,900; Mount Cook 16,000, Mount La
Perouse 1 1,300, and Mount Vancouver 13,100 feet, are not

given. Such imperfections make one doubt if this new
edition has been " thoroughly revised." It is easy to give

information contained in census tables and in other

gazetteers and guidebooks, but even a work on the limited

scale of the present cannot be made throughout trustworthy

without very considerable trouble being taken.

Zoological Classification. By F. C. Pascoe, F.L.S.

(John Van Voorst, 1877.)

This small work will be found particularly serviceable to

many working naturalists. It is a concise compilation of

the sub-kingdoms, classes, and orders of the animal

kingdom, with lists of the famihes and most important

genera. Specialists will be able to find fault with some
of the details in many cases, nevertheless we know no
volume which, in the space, contains so much reliable

information. The larger groups are all succinctly defined,

with many of the most modern views incorporated ; and
these definitions extend to the orders. Taking the mam-
malia for criticism, we regret to find the Sirenia included

with the Cetacea, the T.Iusk Deer with the Chevrotains,

the Peccaries with the true Swine, and the Camels
between the Giraffe and the other typical ruminating

animals. The caecum is not " enormous " in Hyrax.

"Whatever gaps there may be at the present day"
between the Perrissodactyla and Artiodactyla "are not

nearly all filled in by numerous extinct forms." Such
errors may be found in many places ; they do not, how-
ever, much detract from the general value of the work,

which will be found more valuable as a basis for annota-

tion, than a book of reference. There is a very complete

index we are glad to say.

Tracts relating to the Modern Higher Mathematics.

Tract No. 2, Trilinear Coordinates. By Rev. W.
Wright, Ph.D. 77 pp. (London : Messrs. C. F. Hodg-
son and Son, 1877.)

Dr. Wright is, or was until quite recently. Professor of

Mathematics at Wilson College, Pennsylvania. His
object is to make his countrymen acquainted with certain

branches of modern mathematics, and we learn that his

first venture (Tract No. 1, Determinants) has met with

considerable acceptance in the American universities.

M. Hermite, too, has expressed himself well pleased with

the author's standpoint, " Line grande transformation

s'est dcjd faite et continue encore de sc faire dans le

domaine de I'analyse ; des voies nouvelles plus f(fcondes, et
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je crois aussi plus faciles, ont ^te ouvertes, et c'est I'ceuvre

de ceux qui veulent servir la science et leur pays de dis-

cerner ce que les elements peuvent recevoir de I'immense
elaboration qui s'est accomplie depuis Gauss jusqu'h.

Riemann."
There is in the present tract a clear exposition of the

elementary applications of Trilinear and Triangular
Coordinates, and just a passing glance at Polar reci-

procals.

In such a work we do not look for anything original,

but for clearness and correctness. These ends, we think,

have been attained, and we wish Dr. Wright health and
leisure to enable him to carry out his design.

Grundriss der chcDiiscIien TccJuiologic. Von Dr. Jul.

Post. (Berhn : Robert Oppenheim, 1877.)

Dr. Post, who is known to chemists as an able Privat
Docent at the University of Gottingen, has, like many other
teachers, felt the great necessity of a manual of chemical
technology, suited to the requirements of students who
desire a general training in that branch of applied
chemistry. A considerable number of exceUent treauses,

as, for example, those of Knapp, Wagner, Bolley, Kerl,
and Stohmann, already exist in German, and some of
them have been translated into English, but no one of
them is exactly adapted to the class-room. Their excel-

lence consists in their completeness as works of reference
;

indeed as such they may be said to be invaluable to the
chemical manufacturer ; but the mode of their arrange-
ment renders them of comparatively little value as aids to

systematic study. Dr. Post has succeeded in producing
a work which, within the compass of some of our smaller
chemical manuals presents a complete outline of the
present position of chemical technology. His book thus
serves as a fitting introduction to the larger and more
special treatises above mentioned.

LETTERS TO THE EDITOR
\The Editor does not hold himself responsible for opinions expressed

by his correspondents. Neither can he undertake to return,

or to correspond with the writers of, rejected manuscripts.
A'o notice is taken of anonymous communuations.

The Editor urgently requests correspondents to keep their Utters as

short as possible. The pressure oti his space is so great that it

is impossible otherwise to ensure the appearance even of com-
munications contai}iing uiterestifig and novel facts."]

Colour-Sense in Birds

I HA\'E been lately watching, with great delight, two gold-

finches building their nest. They placed it nearly at the end of

an outside branch of a young sycamore tree, so that there was
nothing but sky above it, and the gravel path below. Thn
window from which I observed them, being never opened, and
well covered with flowers in pots and a blind, seems to have
caused them no alarm, although not more than two yards dis-

tant from them ; and their object appears to have been to make
their nest invisible from below. To this end they chose their

building materials with such skill and such colour-matching

power that if one had not seen the nest built it would be quite

impossible to discover it ; to match the tree they took its long

flexible blossoms, and to match the sky the equally long and
flexible stalks and flowers of the garden forget-me-not, of which a

bed was close at hand in full bloom. I watched them carefully,

and, as far as I could see, they used no other materials than

these flowers, though I saw one of them attempting to get the

dirty-white cotton tie off a budded rose-tree. At all events

the nest was mainly built of them. The blue of the forget-me-

not has of course faded, but the general effect from below is

that of a scarcely visible grey-green thickening of one of the

bunches of sycamore leaves. fhey seemed to enjoy flinging

their flower-wreaths .-ibout. And that leids to the question

whether birds—who are in many ways like chddren—do not

often out of mere playfulness and love of colour, pull to pieces

yellow crocuses and other bright flowers. While my pen is in

my hand I may mention, with reference to Dr. Muirhead's
communication on the subject of noise causing a sensation of

colour, tha*: I have fiequently observed whilst tuning a harp,

that the sudden breaking of a string will cause a curious taste

and sensation in the mouth, like that produced by a piece of
silver and one of zinc placed above and beneath the tongue,
when they are made to meet.

J.

A Simple Wave-Motion Apparatus
It has been suggested to me that I should publish a descrip-

tion of a simple and portable wave-motion apparatus, devised
by me a year or two ago, which has given satisfactory results to
others as well as to myself. I therefore send the description.

In the figure A A represents an ordinary wooden lantern slide,

with a rectangular aperture, which may vary in size according
to the size of the lantern condensers, the sketch being half size

for 4-inch condensers. A small winch, r>, is fitted into the slide

at one end of the aperture, and held in its place by the tongue,
T. The spindle, K D, is milled or otherwise roughened near the
end, D. A brass stud similar in shape to the milled end of the
spindle, but smooth and slightly smaller, is fixed in the opposite
side of the aperture at c. A helix of 25-gauge hard brass wire
is wound on a spit of the same size as ttie smooth stud, taking
ciie to wind the coils close together ; about fifteen turns of the
liclix arecut off, and the middle five turns drawn out till they
firm a perfect wave similar to the figure when held up to the
light. The length of the helix should then be the same as c D.

One end of the helix is pushed tight on the milled end, D, and
the oilier end is slipped loosely over the stud, c, so as to work

on it like a swivel, to keep the end of the helix true when the
winch is turned. A little bead of wax is melted on each crest

and hollow of the wave to represent particles, and the essential

parts of the apparatus are complete. On placing it in front of

the lantern, and focussing, a distinct and striking image of a
moving wave with its vibrating particles is produced by turning
the winch.

If the helix is not perfectly straight the image of the wave will

rise up and down more or less as a whole ; the helix should then
be straightened or " set " with the fingers till true. When once
set thin glass plates may be placed on each side to protect it

from injury. An index, I, of wire, may be fixed so as to give a
means of proving that the particles only move up and down.
A modificaiion I have tried by using a dark wire with bright

silver beads, on a velvet back-ground in the aphengescope, is

more difficult to make and use. I therefore prefer the apparatus
as sketched above.

Of course the amount of finish depends on the taste of the
user, &c. A pasteboard frame instead of mahogany, a wire bent
twice at right angles instead of a finished brass winch, and tied

to the frame by two bits of wire instead of let in, &c., may be
used, thus reducing the cost to a few halfpence.

In use it will recommend itself. W. Jesse Lovett
Birmingham

Atmospheric Currents
A CONTROVERSY was recently waged in your columns as to

the course which is pursued by ths hot water-laden air of the
equatorial regions in its journey to the poles. Bjth combatants
seem to adopt what I may call the sheet-theory, which regards
the winds as moving in sheets or strata, and gliding over and undtr
each other at the polar and equatorial sides of the calms of
Cancer and Capricorn, a process which would inevitably result

either in both opposing winds being torn to tatters, or in their

cjmmixture and neutralisation. Surely the truth is that like all

other moving fluids, the air will seek equilibrium in the direction

of least resistance, and will carve out for itself wide channels in

accordance with local conditions froai the poles to the equator.
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and from the equator to the poles—channels which will not

intersect or interfere with one another, except when affected by
disturbing causes.

One possible cause of change in this direction of least resist-

ance or normal channel in the case of the south-west wind of

these latitudes may possibly be a shifting of the thermal pole.

Suppose, lor instance, we have any reason to surmise that the

centre of greatest cold is now on the American side of the true

North Pole and at another time on the Asiatic side, we have
at once a satisfactory explanation of observed variations in the

prevalent direction of the main channels of the water-laden

winds of the northern hemisphere.

I will now as briefly as possible state my reasons for suspecting

that such is actually the case.

Since 1873 the south-west winds have prevailed very consider-

ably over the average in Europe, and as a natural consequence

we have had continued floods all over the west of this continent.

In Asia, duiing the same period the water-laden winds have been
featfally under the average, the rainfall during the last three years

having been about nine inches below the average of the previous

half-dozen. Famines, of course, have been the result.

If my theory is correct we should expect to find that the

thermal pole has been situated during the last three or four years

on our own side of the North Pole.

Now in 1872 Capt. Hall, of the Polaris, saw unmistakable
signs of an open polar sea where Capt. Nares, in 1S75, saw
nothing but a vast wilderness of ancient ice. In a former letter

of mine which appeared in Nature (vol. xv. p. 116) I at-

tempted to reconcile these apparently conflicting observations on
the supposition that this pala;ocrysiic wilderness is in reality a

vast floatmg island of ice some hundreds of miles in diameter.

I called to mind Sir E. Parry's disappointing experiences in

1827 in the Htcla, when, after a toilsome journey northwards on
what he believed to be the main pack, he found he was after all

drilling southwards ; whereupon he concluded his supposed main
pack must be a loose floe of immense extent.

Is it not equally probable, to say the least of it, that he was
on the main pack—on the palieoci-ystic island—and that he
caught it on the move towards our shores of the Arctic Sea?
Be this as it may (and it is merely a suggestion) it is certain

that five years later occurred the terrible famine of 1832 in India,

and five years is just the time required, according to Dr. Hunter,

for the effects of the proximate cause of drought (whatever that

may be) to attain its maximum, according to the law of tiie

" multiplication of effects.

"

Although I have examined the records of the winds at the

Meteorological Office, I will add nothing more, as I fear I have
already exceeded my proper limits.

Wordsworth Donisthorpe

Yellow Crocuses

A LETTER in Nature (vol. xvi. p. 43) calls attention to the

destruction of the flowers of the yellow crocus by the sparrow.

I have for many years been a cidtivator of the crocus, both

yellow, white, and purple ; this spring they flowed abundantly,

the white and purple blooming undisturbed, the yellow picked

and torn. My gardener and I talked the matter over but could

find no solution of the problem. As this has been my expe-

rience in former years, and the fact is now corroborated by
general experience, can norraturalist discover the reason, or must
it still be left a secret in the bosom of pert little Frijigilla

domestica i A. II.

Complementary Colours

In connection with this subject, which was referred to in Mr.
Terrill's letter in Nature for ^tay 17, perhaps the following

homely way of illustrating the fact that the combination of two
complementary colours produces white may interest your readers.

If a tumbler of beer be held in front of the green glass shade of

an ordinary reading lamp, it will be found on looking through

the beer at the shade that the tumbler appears to be filled with

an almost colourless liquid. J. Komilly Allen

Chromatic Aberration of the Eye
TliEiiE is a slight inaccuracy in your report of my communi-

calion of May 12th to the Physical Society, wherein I am made
to affirm that a blue object and a red object cannot both be in

focus at once unless the blue object be the more distant. The
next sentence of your report, and indeed the whole tenor of my
communication imply the reverse condition, that the blue rays

should come from the less distant source. The dispersion of the
eye takes place in the same sense as its refraction ; hence the
adjustment of the eye to focus may be the same for blue rays
proceeding from a body near the eye as for red rays proceeding
fr'om an indefinitely distant luminous source ; as, indeed, Fraun-
liofer proved half a century ago. S. P. Tho.mpson

University College, Bristol, May 25

A Correction
Permit me to explain that the subject of my note, read at the

last meeting of the Astronomical Society, was not my chart of

324,912 stars, though I had occasion in the course of it to

mention that chart. My note referred in reality to a paper read
at the preceding meeting, and relating to the general subject of
the distribution of stars in space. Richard A. Proctor

DR. PHILIP P. CARPENTER
'\'X /"E regret to announce the death at Montreal, in his
* ' fifty-eighth year, of Dr. Philip P. Carpenter,

formerly of Warrington, one of the most scientific con-
chologists of our lime. Taking up this pursuit, in the
first instance, merely as a recreative occupation, he was
led by his friend, Dr. J. E. Gray, who saw his remarkable
aptitude for it, to make it one of the principal objects
ot his hfe ; and he brought to it a mind trained in those
scientific habits which prevented him from ever becoming
the mere species-monger, whilst specially delighting in

that study of minute detail which is required for the
true determination of specific types and their geographi-
cal distribution. It was well observed by Dr. Hooker,
in his introductory essay to the " Flora of New Zea-
land," that "a wider range of knowledge and a greater

depth of study are required to prove those dissimilar

forms to be identical, which any superficial observer can
separate by words and a name ; " and this wide range of
knowledge and thoroughness of research were the essential

characteristics of all Dr. P. P. Carpenter's conchological
work. The opportunity having occurred to him more
than twenty-five years ago, while residing at Warrington,
of studying a la/ge collection of shells formed at Mazat-
lan, in California— after Mr. Cuming had selected from
it what he considered the new specific types, which he
caused to be described by Mr. C. B. Adams— Dr. P. P.

Carpenter v/as impressed with the fact that Mr. Cuming
had left behind him those iiiii-nnediatc forms, the study
of which would prove that many of his supposed species

are mere varieties ; and having brought the importance
of such study before the Zoological Section of the British

Association, he was requested to prepare a report

on the present state of our knowledge with regard

to the moUusca of the west coast of North America,
which was published in the Transactions of the Asso-
ciation for 1856, and at once took rank as a most
able and conscientious work. A Supplementary Re-
port on this subject, marked by the same "wide range
of knov/ledge and depth of study,'' was published in 1863.

Besides these, several monographs, prepared by Dr. P. P.

Carpenter on particular groups of sliells in the Cumin-
gian Museum, were published in the Zoological Pro-
ccedini^s. So high was the reputation which his Reports
acquired for him among American naturalists that he
was invited by Prof Henry of the Smithsonian Insti-

tution at Washington to assist him in the arrangement
of its national collection of shells ; and having been led

in 1S65 to take up his residence in Montreal, he was sub-

sequently engaged in similar work for other museums in

the Northern States. He soon acquired in the city of

his adoption the character he had left behind him in

Warrington, of being ever ready for any kind of philan-

thropic labour ; and especially distinguished himself by
his untiring advocacy, through evil as well as good report,

of the sanitary reforms which he saw to be greatly needed.
There is reason to believe that the typhoid fever which
brought his useful life to a close was engendered in the

foul air of the building in which he was accustomed to

carry on his scientific work.
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KOENIGS TUNING-FORKS AND THE
FRENCH " DIAPASON NORMAL "

T T AVING had occasion to measure a series of Koenig's
' -'• tuning-forks, kindly lent me for that purpose by
Professors Tyndall and Guthrif, by means of Appunn's
tonometer, now in the South Kensington Museum, I was
much struck, and for a time puzzled, by finding that

though the forks were perfectly consistent with each
other, they did not answer to their names, that is,

the numbers of single vibrations marked on them, did
not answer at all to the double vibrations measured by
Appunn's tonometer. The workmanship of Koenig's forks

is so good and the intervals between them so exact, that

one might be at first inclined to suspect the accuracy of the
absolute numbers of th° reeds on Appunn's instrument.

But there can be no doubt of the accuracy of the differ-

ences of the number of vibrations between any reed and
any other, for these admit of ready control by counting,
and I have counted them all. Hence such a thing as this

is quite certain. The difference of the vibrations of C 256
and G 384 is 128 vibrations, as on Appunn's instrument

;

but the difference in the vibrations of Koenig's corre-

sponding forks is 129-2 vibrations. Now, I have no doubt
about the perfection of Koenig's fifth C to G. If then his

C make x vibrations, his G makes .!+ I29'2 vibrations.

Putting this = f.r, we obtain x = 258-4 as the number of

the vibrations of his C, and this is the precise number
furnished by Appunn's tonometer, according to a very
careful measurement made by Mr. A. J. Hipkins, of
Messrs. Broadwoods, who has had great experience in

counting beats, and myself. The discrepancy, there-

fore, becomes an excellent proof of the perfection of

Appunn's instrument. But how could Koenig have hit

on this strange number 258-4, in lieu of 256.' It was
some litttle time before the solution presented itself to my
mind, but I believe that this, which is decidedly suffi-

cient, will prove substantially correct.

The French normal A was settled at 435, and since

Lissajous superintended the publication of the fork of the
French Commission in 1859, the whole world has ac-

cepted that fork as having exactly 435 vibrations. Now
the French Commission gave to Messrs Broadwoods, in

return for their courtesy in sending them their forks, an
authorised copy of this fork, stamped with their stamp (a

lyre between D and N, at the end of each pron") and
made by Secretan. This fork I assume to be an authentic
representative of the French diapason normal, made at

the time. I have examined many others made by Secre-
tan, and also officially stamped, and one by Koenig, and
they mostly agree within two- or three-tenths of a vibra-

tion in a second. Two of Secretan's, however—one
bought in Paris by the Society of Arts, and one sent to

that society officially in 1869 through the Foreign Office,

as representing the French pitch used in the Grand
Duchy of Baden, differ as much as six-tenths of a vibra-

tion, the extreme difference observed in authorised forks.

Other copies differ as much as two vibrations. But I

take as my standard the copy given to Messrs. Broad-
woods (which through the kindness of Mr. Hipkins I

have carefully measured), and the one made by Koenig
(which Dr. W. H. Stone was so obhging as to allow me
to measure). These differ only by o/ir-tenth of a vibra-

tion, and that tenth may be my own fault in counting.

All these forks show that the real French diapason
normal is A 439, that is, four vibrations sharper than
was supposed. This is really a result of prime importance
as brought out by Appunn's instrument, and it fully

accounts for Koenig's differences as follows :
—

Koenig having to make a C 256, observed (I suppose)

that a major sixth above it would be A 4265 = j X 256,

and that this would beat 8J times in a second with A435,
which he assumed to be given by his diapason normal.

Constructing such a fork by beats, which is easy enough,
he necessarily obtained one exactly four vibrations too
sharp, that is, A 430H-. From this, by the Lissajous figures

most probably (certainly /loi by interposing new forks and
counting the beats, for that would have shown him his
error), he obtained first the correct major sixth below it,

C 258-4 = f X 4305, and then got his other forks by true
intervals obtained also by Lissajous' figures. This makes
all Koenig's forks harmonics of C 64-6, instead of C 64, as
he intended and as he marks his forks.

Since Koenig's forks are extensively used by physicists,
and also for the purpose of obtaining other pitches from
them either for musical or for counting purposes, I think
it will be convenient to add a little table of the harmonics
of 64-6, with the marks on the forks observed (all of which
had Koenig's monogram) and the pitches as actually
measured by Appunn's tonometer. I am quite willing to
allow the small differences to be set down to my bad
counting and not to defective workmanship of either
Koenig or Appunn.

No. of
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I/O IV TO DRAW A STRAIGHT LINE^
II.

IN Fig. 6, Q C is the extra link pivoted to the fixed

point Q, the other pivot on it C, describing the circle

OCR. The straight lines P M and P' M' are supposed
to be perpendicular to M R Q O M'.

Fi'i. 6.

Now the angle OCR, being the angle in a semicircle,

is a right angle. Therefore the triangles OCR, O M P
are. similar. Therefore,

Therefore,
O C : O R : : O M : O P.

OC-OP = OM-OR.
wherever C may be on the circle. That is, since O M
and O R are both constant, if while C mo"es in a circle

P moves so that O, C, P are always in the same straight

line, and so that O C • O P is always constant ; then P
will describe the straight line P M perpendicular to the
line O Q.

It is also clear that if we take the point P' on the other
side of O, and if O C ' O P' is constant P' will describe

the straight line P' M'. This will be seen presently to be
important.
Now, turning to Fig. 7, which is a skeleton drawing of

the Peaucellier cell, we see that from the symmetry of the

construction of the cell, O, C, P, all lie in the same
straight line, and if the straight line A 11 be drawn per-

pendicular to C P— it must still be an imaginary one, as

we have not proved yet that our apparatus does draw a
straight line—C « is equal to 11 P.

Now,
O A^ = OtC- + kir-

A P^ = P//-^ + An'-

therefore.

O A2 - A P2 = O «2 - P «2

= [0«- P«]'[0« + P«]
= o c • O P.

Thus since O A and A P are both constant O C • O P is

always constant, however far or near C and P may be to

O. If then the pivot O be fixed to the point O in Fig. 6,

and the pivot C be made to describe the circle in the

figure by being pivoted to the end of the

extra link, the pivot P will satisfy all the con-

ditions necessary to make it move in a

p straight line, and if a pencil be fixed at P it

1^ will draw a straight line. The distance of

the line from the fixed pivots will of course

depend on the magnitude of the quantity

O A- — O P- which may be varied at pleasure.

I hope you clearly understand the two
elements composing the apparatus, the extra

link and the cell, and the part each plays,

as I now wish to describe to you some
M modifications of the cell. The extra link will

remain the same as before, and it is only the

cell which will undergo alteration.

If I take the two linkages in Fig. 8, which
are known as the " kite " and the " spear-

head," and place one on the other so that the

long links of the one coincide with these of

the other, and then amalgamate the coinci-

dent long links together, we shall get the

original cell of Figs. 5 and 7. If then we keep
the angles between the long links, or that

between the short links, the same in the

and " spear-head," we see that the height of the

multiplied by that of the " spear-head " is con-

' Lecture at South K(
Scientific Appar?.tvis, by A. B. Kempe, K.A Com

th the Loan Collec

iimei.! from p. 67,

Fig. 8.

Let us now, instead of amalgamating the long links of

the two linkages, amalgamate the short ones. We then

get the linkage of Fig. 9 ; and if the pivot where the short

links rheet is fixed, and one of the other free pivots be

made to move in the circle of Fig. 6 by the extra link, the

other will describe, not the straight line P M, but the

straight line P' M'. In this form, which is a very compact
one, the motion has been applied in a beautiful manner
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to the air engines which are employed to ventilate the

Houses of Parliament. The ease of working and absence
of friction and noise is very remarkable. The engines
were constructed and the Peaucellier apparatus adapted
to them by Mr. Prim, the engineer to the Houses, by
whose courtesy I have been enabled to see them, and I

can assure you that they well worth a visit.

Another modification of the cell is shown in Fig. 10.

If instead of employing a "kite" and "spear-head" of

Fig. 10-

the same dimensions I tike the same " kite " as before but

use a "spear head" of half the size of the former one,

the angles being, however, kept the same, the product of

the heights of the two figures will be half what it was
before, but still constant. Now instead of superimposing
the links of one figure on the other, it will be seen that in

Fig. 10 I fasten the shorter links of each figure together

end to end. Then as in the former cases, if I fix the

pivot at the point where the links are fixed together, I get

Fi^. U.

a cell which may be used by the employment of an extra
link, to describe a straight line. A model employing this

form of cell is exhibited in the Loan Collection by the

Conservatoire des Arts et Ivldtiers of Paris, and is of

exquisite workmanship ; the pencil seems to swim along
the straight line.

M. Peaucellier's discovery was introduced into England
by Prof. Sylvester in a lecture he delivered at the Royal
Institution in January, 1S74, which excited very great in-

rather quadruple cell, for it may be used in four different

ways, shown in Fig. 11. Now Mr. Hart found that if he
took an ordinary parallelogram atic linkwork in which the

adjacent sides are unequal, and crossed the links so as to

form what is called a contra-parallelogram. Fig. 12, and
then took four points on the four links dividing the dis-

Ficj.lS

tcicst aiid was the commencement of the consideration of

the subject of linkages in this country.

In August of the same year Mr. Hart, of Woolwich
Academy, read a paper at the British Association meet-

ing, in which he showed that M. Peaucellier's cell could
be replaced by an apparatus containing only four links

instead of six. The new linkage is arrived at thus.

If to the ordinary Peaucellier cell 1 add two fresh links

of the same length as the long ones I get the double, or

tances between the pivots in the same proportion, those
four points had exactly the same properties as the four

points of the double cell. That the four points always
lie in a straight line is seen thus : considering the triangle

aid, since a O : O i : : a P : V 1/ therefore O P
is parallel to /' ;/ and the perpendicular distance
between the parallels is to the height of the

triangle a 6 ti tis O i ii to a i ; the same reason -

ing applies to the straight line CO', and since

ai: Ob: -.cd-.O'd and the heights of the

triangles abd, cbd, are clearly the same,
therefore the distances of O P and O' C from
bd are the same, and O C P O' lie in the same
straight line.

That the product O C • O P is constant ap-
pears at once when it is seen that O i5 C is half

a " spear head " and O <r P half a " kite ;
" similarly it

may be shown that O' P " O' C is constant, as also

O C C O' and O P • P O'. Employing then the Hart's

cell as we employed Peaucellier's, we get a five-link

straight line motion. A model of this is exhibited in the

Loan Collection by M. Breguet.

I now wish to call your attention to an extension of

Mr. Hart's apparatus, which was discovered simul-

taneously by Prof. Sylvester and myself. In Mr. Hart's
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apparatus we were only concerned with bars and points

on those bars, but in the apparatus I wish to bring before

you we have pieces instead of bars. I think it will be

more interesting if I lead up to this apparatus by detailing

to you its history, especially as I shall thereby be enabled

to bring before you another very elegant and very im-

poitant linkage— the discoveiy of Prof. Sylvester.

When considering the problem presented by the oidi-

nary thtte-iar motion consisting of two radial bars and a
traversing bar, it occurred to me— I do not know how or

why, it is often very difficult to go back and find whence
one's ideas originate— to consider the relation between
the curves described by the points on the traversing bar
in any given three-bar motion, and those described by the

points on a similar three-bar motion, but in which the

traversing bar and one of the radial bars had been made

to change places. The proposition was no sooner stated

than the solution became obvious ; the curves were pre-

cisely similar. In F"ig. 13 let CI) and B A be the two
radial bars turning about the fixed centres C and B, and
let D A be the traversing bar, and let P be any point on
it describing a curve depending on the lengths of A B,

BC, CD, and DA. Now add to the three-bar motion the

bars C E and K A P', C E being equal to D A, and E A

equal to C D. C D A E is then a parallelogram, and if

an imaginary line C P P' be drawn, cutting E A producd
in P' it will at once be seen that P' is a fixed point on
E A produced, and C P' bears always a fixed proportion

to C P, viz., C D : C E. Thus the curve described by P'

is precisely the same as that described by P, only it is

larger in the proportion C E : C D. Thus if we take

away the bars C D and D A, we shall get a three-bar link-

work, describing precisely the same
curves, only of different magnitude, as

our first three-bar motion described,

and this new three-bar linkwork is the

same as the old with the radial link

C D and the traversing link D A in-

terchanged.
On my communicating this result to

Prof Sylvester, he at once saw that the

property was one not confined to the

particular case of points lying on the

traversing bar, in fact to three-i'vr;-

motion, Isut was possessed by three-

pieiTi; motion. In Fig. 14 C D A B is a
three-bar motion, as in Fig. 13, but the

tracing point or '" graph " does not lie

on the line joining the joints A D, but

is anywhere else on a " piece " on
which the joints A D lie. Now, as

before, add the bar C E, C E being
equal to A D, and the piece A E P',

making A E equal to C D, and the

triangle A E P' similar to the triangle

PDA; so that the angles AEP',
A D P are equal, and

P' E : E A : : A D : D P.

It follows easily from this—you can
work it out for yourselves without diffi-

culty—that the ratio P' C : P C is con-

stant and the angle P C P' is constant

;

thus the paths of P and P', or the " grams " described by
the "graphs," P and P' are similar, only they are of

different sizes, and one is turned through an angle with

respect to the other.

Now you will observe that the two proofs I have given

are quite independent of the bar A B, which only affects

the particular curve described by P and P'. If we get

rid of A B, in both cases we shall get in the first figure

the ordinary pantagraph, and in the second a beautiful

extension of it called by Prof. Sylvester, its inventor, the

Plagiograph or Skew Pantagraph. Like the panta-

graph, it will enlarge or reduce figures, but it will do
more, it will turn them through any required angle, for

by properly choosing the position of P and P', the ratio of

C P to C P' can be made what we please, and also the

angle P C P' can be made to have any required value. If

the angle V C P' is made equal to o or 180°, we get the

two forms of the pantagraph now in common use ; if it

be made to assume successively any value which is a sub-

multiple of 360°, we can, bypassing the point P each time

over the same pattern, make the point P' reproduce it

round the fixed centre C after the fashion of a kaleido-

scope. I think you will see from this that the instrument,

which has, as far as I know, never been practically con-

structed, deserves to be put into the hands of the designer.

I give here a picture of a Uttle model of a possible form
for the instrument furnished by me to the Loan Collec-

tion by request of Prof. Sylvester.

After this discovery of Prof. Sylvester it occurred to him
and to me simultaneously—our letters announcing our

discovery to each other crossing in the post—that the

principle of the plagiograph might be extended to Mr.
Hart's contra-paralielogram ; and this discovery I shall

now proceed to explain to you. I shall, however, be more
easily able to do so by approaching it in a different

manner to that in which I did when I discovered it.
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If we take the contra-parallelogram of Mr. Hart and
bend the links at the four points which lie on the same
straight line, or foci, as they are sometimes termed,
through the same angle, the four points, instead of lying

in the same straight line, will lie at the four angular points

of a parallelogram of constant angles— two the angle that

the bars arc bent through, and the other two their supple-

ments—and of constant area, so that the product of two
adjacent sides is constant.

In Fig. 16 the lettering is preserved rs in Fig. 12, so

that the way in which the apparatus is foimed may be at

once seen. The holes are taken in the middle of the

links and the bending is through a right angle. The four

holes O P O' C lie at the four corners of a right-angled

parallelogram, and the product of any t'vo adjacent sides,

as for example O C " O P, is constant. It follows that if

O be pivoted to the fixed point O in Fig. 16, and C be
pivoted to the extremity of the extra link, P will describe

a straight line, not P i\I, but one inclined to P M at an
angle the same as the bars, are bent through, i.e., a right

angle. Thus the straight line will be parallel to the line

joining the fixed pivots O and O. This apparatus, which
for simplicity I have described as formed of four straight

links which are afterwards bent, is of course strictly

speaking, formed of four plane links, such as those em-
ployed in Fig. I, on which the various points are taken.

This explains the name given to it by Prof .Sylvester, the
" Ouadruplane." Its properties arc not difficult to inves-

tigate, and when I point out to you that in Fig. 16 as in

Fig. 12, Ob, /' C form half a '" spear-head," and O <;, a P
half a " kite," you will very soon get to the bottom of it.

I cannot leave this apparatus in which my name is

associated with that of Prof. Sylvester without expressmg
my deep gratitude for the kind interest which he took in

my researches, and my regret that his departure for

America to undertake the post of Professor in the new
Johns Hopkins University has deprived me of one whose
valuable suggestions and encouragement helped me much
in my investigations.

( To be continued^

METEOROLOGICAL NOTES
Notes of the Weather in Scotl.\nd, Faro, and

Iceland.— It appears from the meteorological returns for

the eight principal towns in Scotland, that the weather
of last April has been distinguished by low temperature,

3°7 under the average, great fluctuations in the baro-

metric pressure, large rainfall distributed among the

towns with unusual uniformity, much wind and that more
persistently from the eastward than has been before

chronicled for any month of any year since the Scottibh

Meteorological Society was founded. At the monthly
meeting of the Edinburgh Botanical Society, held on
Thursday, May 10, Mr. AIcNab stated that the present

spring is later than any other during the last twenty-eight

years, when systematic observations on the flowering of

plants began to be made in the Royal Botanic Garden of

Edinburgh. In Faro the winter and early spring have been
among the worst ever known, high easterly and northerly

winds and snowstorms being very prevalent. In March
and April sr.ow fell on no fewer than thirty-one days. The
mean barometric pressure at 32° and sea-level at Thors-
havn during April, was 29,945 inches. On the other

hand the winter, until Easter, was one of the finest ever

known in Iceland, particularly in the north of the island.

There was little snow, any frost that occurred was of

short continuance, and fine calm weather prevailed. But
about Easter-day a series of northerly snowstorms began,

accompanied by severe frosts, which lasted with little in-

termission for about a week, causing the loss of many
ships, and snowing up the pastures. Since these storiuj

sunshine prevailed up to May 6. When the steamer

left Reykjavik the Greenland and Spitzbergen ice had ap-
peared olf the northern coasts about the middle of March,
but only stray icebergs neared the land, the ice becom-
ing "land-fast" nowhere in any quantity. The season
has also been singularly mild in Canada. Spring
set in there fully three weeks earlier than usual, and as
very little rain had fallen up to the close of April and the
thaw was very gentle, the rivers were unusually low for

the time of the year.

Meteorology of Holland.—A highly-important
work on the annual march of the thermometer and baro-
meter in Holland, deduced from observations made from
1843 to 1875, has been published by Dr. Buys Ballot, the
distinguished director of the meteorological system of that
countty. The monthly means for each meteorological
lustrum of five years, as well as for the whole period
during which the observations have been made, are given
for each of the hours of observations. From these general
averages, the normal values for each of the ten stations

have been determined by the process of differentiation, so
that the normals, are substantially the averages which
would have been obtained if the observations at each of
the stations had been made during precisely the same
terms cf years. The normals are calcukited for very
extended periods by a comparison of the results arrived
at for the Dutch stations, with the long averages for

Copenhagen, Paris, and Greenwich. Thennometric and
barometric normals have also been determined for each
day of the year for all the stations, which cannot but
prove to be of considerable value in framing forecasts of
the weather and in some other practical matters. We
hope, however, that Dr. Buys Ballot may be enabled soon
to calculate the arithmetic ir;eans of the temperature of
each day of the year at all his stations, and thus com-
plete what must be regarded as an able and exhaustive
discussion of the two most important elements of the
meteorology of Holland. Tables are also added, showing
the mean temperature of each month during the whole
prriod of observations, and an exceedingly valuable table
of the monthly mean loarometric measure at Maestricht
for sixty-nine years, beginning with 1807 and ending with

1875.

Tycho Brake's Meteorological Journal.—The
Royal Academy of Sciences and Letters of Copenhagen
has laid scientific men generally under a debt of gratitude
in publishing i7t e.xtcnso, the Meteorological Journal, kept
at Uraniborg in the Isle of Hveen by Tycho Brahe from
1582 to 1597. To the journal is appended a clear and
interesting resume of the observations by M. Paul la

Cour. The results of the observations made on clouds,

rain, snow, hail, fog, winds, frost, thunder, halos, and
auroras, by the celebrated astronomer nearly 300 years
ago, are compared with similar observations made at

Copenhagen and other stations in Denmark in recent
years. The results of the dilferent sets of observations
are fairly accordant when the difterent positions a.nd

times of observing are taken into consideration. The
most noteworthy difference is in the monthly curve of
thunder, the maximum at Hveen being strongly pro-
nounced in June, whereas the recent observations at four-

teen stations in different parts of Denmark have the
maximum extending equally over June, July, and August
—a difference perhaps due to a difterent seasonal distri-

bution of thunder in different parts of Denmark. Of the
seventy-eight auroras which were noted by Tycho Brahe,
seventy-six occurred during the ten years from 1582-1591,
and only two during the six years immediately following.

From the detailed descriptions given of certain auroras
and auroral arches, M. Paul la Co.ir concludes that the

magnetic inclination at this observatory during 1584 was
somewhere between 72' 25', and 73^ 25'.

"Atlas Meteorologique" of the Observa'joy of
Paris, 1875.—A rapid glance through the Atlas Mvteoro-
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los^iqitc for 1875 is enough to show that it more than
sustains the high character of the pubHcatiors of previous
years. The thunderstorms and hailstorms of France for

1875 are elaborately and ably discussed, and to these

discussions are appended no fewer than twenty-six

memoirs on different meteorological subjects, by such
well-known meteorologists as the two Becquerels, R. P.

Denza, Brault, Crova, Moritz, Belgrande, Lemoine,
Raulin, Coumbary, Brito-Capello, and Fron. Several of

the more important of these memoirs not yet noticed by
us, we shall bring before our readers on an early occasion,

particularly those dealing with the climatology of Asia
Minor and of Portugal, and with the rainfall of Algiers.

Weather Maps in Austrai.ia.—Mr. Russell, of the

-Sydney Observatory, began a few months ago to issue

daily weather maps for Australia. The plan of pre-

paring the maps, which possesses some novel features, is

briefly this :—There is a block of type metal with an
electro of the coast -line and mountains fixed on it, and at

the position of each station there is a slot in the metal
block for the placing of the wind and weather symbols
and figures which show the force of the wind, height of

the barometer, and the temperature. The sea symbols,
arrows, curves, words descriptive of the state of the
weather, and in short everything which may be re-

quired on the map as varying from day to day, are
glued on to the face of the metal block and held so fast

that printing from an ordinary letter-press may be begun
at once. The whole map is prepared in about two hours,

and after a few copies are printed off for the use of the

observatory, the block is sent to the Herald newspaper
and by them stereotyped with their other matter. Copies
of several weeks' weather maps, thus prepared and printed,

have been forwarded to us. A note in manuscript on the
map is sent to the Htrald every day giving remarks on
the weather of that day, and forecasts of coming weather.

A system of exchange has been already effected with
Melbourne, will soon be completed with Adelaide, and it

is expected that all the other colonies will join in the
effort to make the system as complete as possible so as to

secure for this region of the globe effective warnings of
coming storms. The colonial governments will no doubt
see that this system of weather telegraphy, so admirable
in itself and calculated to be highly beneficial to large
public interests, will be furnished with the funds necessary
for its efficient maintenance and further development.

Stoneyhurst Meteorological and Magnetical
Observations, 1876.—This publication maintains the
high character of its predecessors for the care and ex-
haustiveness with which the results are worked out and
detailed in each of the monthly reports, and its value is

further enhanced by the notes and tables of agricultural

and horticultural results which have now been introduced.
We are glad to see that observations of cirrus clouds are
sent monthly to Dr. Hildebrandsson, of the Upsal Ob-
servatory ; and we hope that, from the great importance
of these observations in questions affecting atmospheric
circulation, Father Perry will be enabled to add them to
his future monthly reports. It was pointed out by us
last year that in discussing the hours of occurrence of
the minimum temperatures, the double inflexion m the
curve which was obtained was solely due to the adoption
in the discussion, of the civil day, beginning with i a.m.,
and that while the civil day must be employed in discus-
sing the maximum temperatures, the astronomical day
must be employed for the minimum temperatures. The
minimum temperatures have now been discussed afresh,
the astronomical day being adopted, with the result that
there is only one inflexion in the time curve of the mini-
mum temperature, the hour of lowest daily temperature
falling in the annual curve between 4 and 5 a.m.

Climate and Infant Mortality in Tasmania.—
A carefully prepared paper on this subject, bv Mr. F.. C.

Nowell, Government Statistician, has been published in

the Report of the Royal Society of Tas7nania for 1875, in

which the statistics for Tasmania are compared with
those for South Australia, Victoria, Queensland, and New
South Wales for the five years 1869-73. Among the in-

teresting results arrived at, the most important are these
two, viz., first, the average number of deaths of infants

under one year to 100 births for each colony was—South
Australia i4'24, Victoria ir86, Queensland ii'07. New
South Wales 9'57, and Tasmania 9'45 ; and secondly, the

proportions which the deaths of children under five years
of age bore to 100 deaths at all ages were—South Australia

54'i7, Queensland 46-33, Victoria 45'5o, New South Wales
42' 14, and Tasmania 28-08. These interesting and in-

structive results, showing the advantages possessed by
Tasmania in regard to the low rate of mortality among
infants and children, Mr. Nowell considers to be chiefly due
to the remarkable salubrity of its climate. It is highly pro-

bable that it is to the climate that this low infant mortality

must be ascribed, seeing that the suinmer heat of Tasmania
is not nearly so great as that of the other colonies, and
consequently the mortality from bowel complaints may
be expected to be much less, whilst in all these colonies

the temperature does not fall so low in the winter months
as to prove so seriously fatal to the very young, as is the

case in such climates as that of Great Britain. Mr. Nowell
would do a very valuable piece of work if he extended the

inquiry he has so well begun, in the directions we have
indicated, so as to ascertain the particular diseases, the

mortality from which is unusually low in Tasmania, and
the seasonal distribution of the deaths from different

diseases.

ON THE PROPER LENGTH OF THE GYM-
NASIUM SWING

"|\ /TANY of the evolutions performed upon the gymna-
'•-'- slum swing can be made equally well upon swings
of any length ; with others it is different. When the

evolution is such that the swing in one direction marks
a period of exertion, while the return is comparatively a
period of rest, then the evolution cannot be equally well

performed with swings of all length.

One of the most useful exercises is made as follows :
—

Reaching up and grasping the rings let the swing be
started, and at the beginning of a forward swing the feet

are thrown above the head, the legs being flexed. As the

forward swing closes the legs are extended and the arms
flexed, the body being thus thrown upward and outward.

Here, also, by some practice, one learns to accomplish
the swing with a minimum of exertion, which a good gym-
nast always does ; nevertheless, the number of swings
before exhaustion takes place varies with the length of

the ropes, as is shown in the following series of experi-

ments made upon myself :

—

Niplier.

I
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Another series of experiments was made upon Mr.

Cunningham, a young man about 5 feet 2 inches in height,

and of light build. The maximum value of // is here

reached when the length of the rope was about ten feet,

and here the time of a full swing was about 4'i seconds.

My own height being about five feet eleven inches, it

will be observed that these two cases are sufficiently

representative.
Cunmnsfiam.

I
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"Summer Schools" are becoming a regular institution in

America, and no more pleasant way could be devised of com-

bining the didct and the utile than that of a proposed aquatic

summer school of natural history, whicli, underthe directionof Prof.

Theodore B. Comstock, of Cornell University, expects to charter

a large steamer, and spend the summer around the shores of Lake

Superior in the study of the geology and natural history of that

region. The sttamer will accommodate from seventy-five to one

hundred passengers, to be made up of students and professors.

Regular instruction will be given in the form of lectures during

the voyage, and every facility afforded by the examination of

mining localities and the like. The vessel will probably start

from Cleveland or Detroit on July 7, and proceed thence to

Lake Superior, making its full circumnavigation. The coast of

Georgian Bay, on Lake Huron, will be investigated on the return

voyage. The expense will probably amount to about 125 dollars

for each person. In addition to the aquatic summer school men-

tioned above. Harvard University announces two special summer

courses of instruction, one in zoology and the other in geology.

The progress of industry in France (denoting by industry the

working of raw material) has l:>een very rapid, much more

rapid, proportionally, than that of agriculture. We learn from

La Nature, that in half a century, the employment of cast iron,

so necessary to industry, has been multiplied tenfold, and

that of coal twenty-fold. The total power of steam-engines

has increased in still greater proportion ; it is at least thirty

times greater than it was in 1S40. Going further back, the

proportion would be less interesting, as steam was used in

but few establishments. In 1S20 there were only sixty-five

steam-engines in the whole of France. As an acquisition

of material force these engines represent in value at least

25 million workmen, added to the 10 million who labour in

workshops, and to the motor forces furnished by nature gra-

tuitously, air and water. There are in France nearly 40,000

weirs, the falls from which work more than So,ooo mills of

every kind, and this number might be doubled. In some parts,

lastly, they are beginning to utilise the force of the tide.

At a recent meeting of the French Physical Society M. Gouy
gave an account of experiments he had made on flames produced

by a mixture of air and coal-gas, holding in suspension pul-

verised metallic salts. The salts, dissolved in water, uere intro-

duced by a pulveriser, acting with air compressed to half an
atmosphere. In these flames the blue surface of the interior

cone, which gives the spectrum of carbon, gives also the lines

proper to the salt which the flame contains. These lines are

not visible beyond this part, and they coincide with the prin-

cipal lines of the metal in the electric spark. The metals

sodium, strontium, magnesium, lithium, manganese, iron, co-

balt, bismuth, cadmium, zinc, and osmium give this phenomenon
distinctly. Platinum gives a special spectrum farmed of regular

bands. These experiments seem to prove that there is at the

base of the flame a very fine layer which has a temperature much
higher than the flame properly so-called.

The exploration of the Angara, proposed by tlie Russian

Geographical Society, has taken a yet larger extension. M.
Sibiryakoff, who has presented a gift of 2,000 roubles, proposes

to undertake also the exploration of the water-parting between

the Obi and Jenissei, to solve the question of the practicability

of a canal between the two rivers. Owing to the great com-
mercial importance of such a canal, the Geographical Society

has agreed to the proposal of M. Sibiryakoff, and will send an
expedition for that purpose.

Near Lake Ourmia (N.W. Persia), a hill near Digaia is irre-

gularly excavated by a number of galleries for its nitrous earth,

strongly impregnated with saltpetre. This loose, friable soil.

of brownish colour, in irregular horizontal beds, includes

layers of a mostly amber-brown earth, with layers of bone-

ash, intermixed with large and small fragments of human
bones, charred remains of straw, and thin seams of carbonised

seeds of cereals. Fragments of burnt earthenware are scattered

through this bed, and through the whole of the hill. Nearly in

the middle of the hill is a conical hollow, cylindrical above, and

becoming narrower upwards, like the inside of a high furnace.

The inner wall shows four or five ranges of repositories, several

feet distant from each other, and made of slabs of eocene sand-

stone, about \\ ft. broad. These slabs of a rust-brown colour,

bear evident traces of having been exposed to a fierce fire ; and

the whole chamber may thus be inferred to have served for a

furnace to burn dead bodies. This view is confirmed by the

traditions still extant among the surrounding people. Fragments

of large pot -like vases, and of coffins made of slabs of sandstone,

both inclosing an earthy residuum, mixed with fragments of

skulls and bones show that in tlie same place, burials have been

effected without cremation. The abundance of saltpetre in the

soil of the hill has probably been derived from the nitrogen set

free by the decomposition of organic remains.

The Phoimium tenax or New Zealand Flax, is, it is said,

being largely planted in St. Helena, on behalf of a fibre company,

who propose so to plant all the Government waste lands in the

island.

We have received from Dr. Petermann a very useful map
issued in connection with the Russo-Turkish war. Its purpose

is to show at a glance the relative position of the boundaries of

Russia, Turkey, Persia, and British India. It extends from

Bosnia to Central Asia, and from the north of the Black and

Caspian Seas to the Indian Ocean, and includes enlarged special

maps of the Nile Delta and of Crete.

The first field-day of the Liverpool Geological Society was

held on Saturday last. The members and their friends pro-

ceeded to Crosby by rail and from thence by 'bus through

Little Crosby, Hightown, Altcar, DownhoUand, Has Rayne,

to Hallsall, and back again through Lydiate and MaghuU
to Sefton, wheie they had tea and examined the church.

The object of the visit was to examine the great post-glacial

deposits of the West Coast of Lancashire. The party was
guided by Mr. T. Mellard Reade, C.E., F.G.S., who described

the succession of the beds and their superficial extension. He
explained that what they had seen was only a part of a very

extensive series of deposits surrounding our coasts and found at

most estuaries. The society last May examined a portion of the

same series disclosed by the North Dock excavations, and the

present excursion would enable them to better understand this

most interesting part of the geology of Lancashire. At the Alt

Mouth was found a peat and forest bed between high and low

water-mark washed daily by the tide. The moss land between

the inland edge of the 25-leet plain was only an extension of

this sub,narine forest whicli passes under the sand hills and joins

the moss. Under the moss lies the main silts with here and
there some freshwater deposits on the surface.

Some interesting disclosures were made last week at the

Marlborough Street Police Court as to the method on which

certain war^maps are constructed. A certain publisher, ^whose

name is probably unfamiliar to most of our readers, has

published one of those exaggerated pictorial maps of the seat

of war so attractive to the indlscriminating public. We
have seen the map, and a very misleading and rude specimen

of cartography it is. Its natural defects are bad enough,

but it came out during the proceedings that intentional

errors—names of non-existing places and wrong positions

of existing places, were introduced for the purpose of detecting
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imitations. The magistrate, Mr. Newton, was therefore

to a considerable extent justified in stating that the designer

of the map seemed to have constructed it out of his own brain,

and he virtually dismissed the summons.

From the report read at the annual meeting of the Netting.

ham Literary and Philosophical Society, we see that it now has

352 membeis of various classes. The Society has had several

scientific lectures during the session, and we are specially glad to

see that the Natural Science Section is in a flourishing condition,

having had twenty-nine meetings and excursions during the

session, at which papers were read on various subjects of scien-

tific interest.

The Societe Francaise de Navigation Aerienne, an institution

which has been approved by the Minister for Public Instruction, is

to organise a collective exhibition at the Champ de Mars. It will

include any means of propelling and governing in the air. Any
instrument which has proved efficacious in some degree will be

admitted if its dimensions are not too large, or by model, if

otherwise. Any apparatus for making aerial observations, or

helping aeronauts in any way will be admitted. The collection

will also include maps, books, manuscripts, and newspapers

relating to aerial navigation.

We have received from Dr. Warren de la Rue a small

pamphlet containing two sets of tables which must prove of

great use to most scientific workers. There are tables for the

reduction to o' centigrade of a mercury column observed with a

glass scale divided into millimetres, and tables for the reduction

of millimetres (mercurial pressure) to thousandths and miUionths

of an atmosphere, and I'icc versii. These tallies are printed for

private circulation.

An important Russian work has just been published by Prof.

Inostrantsef— "Geological .Sketch of the Povyenetz District,

Government Olonetz, and of its Mines." This large volume

(750 pp.), being the result of seven years' explorations, contains

detailed reports on the travels of the author, an orographical

description of the district (the surface of which exceeds that of

Switzerland), an interesting chapter on the metamorphisni of

the green slates, and a sketch of the glacial formations. It is

accompanied by maps, engravings, and chromolithograplied

plates representing microscopical cuttings of rocks.

The additions to the Zoological Society's Gardens during the

past week include an African Turkey Buzzard (Biiteo Uichardus)

from Africa, presented by Mr. A. Anderson, F Z. S. ; two

Rendall's Guinea Fowls {Nitmidarcndalli)\xo\n Bogos Country,

Abyssinia, presented by Capt. Burke, %.%. Arcot ; three Carpet

Snakes {Mordia variegata) from Australia, presented by Mr.

J. Moseley ; a Guianan Crested Eagle (Moip/tnus giiianeiisis)

from the Upper Amazons, a Green-necked Pea-fowl (Pa7o

sfici/er) from Java, two Barred-tailed Pheasants (Phasianiis

recvesi] from North China, a One-wattled Cassowary (Casuarius

uniappendkulaiiis) from New Guinea, a Great-headed Maleo

(Megacefihahn maleo) from the Celebes, purchased ; an In-

convenient Curassow (Crax incotmnoda) from South Americi,

deposited ; a Derbian Wallaby (flalmaturus derbianus) born in

the Gardens.

OUR ASTRONOMICAL COLUMN
Comets Observed by Hevelius.—Of the eight comets

observed by Kevel, better known as Hevelius, at Danlzic, with

such degree of precision as could be attained with his instru-

ments, the observations of two only have been reduced with the

aid of modern places for comparison stars, &c., and in these two

cases only have we other orbits than those calculated by Halley,

which appear in his Synopsis Astrononiuv Cotnetuir. The obser-

vations of the comet of 1664 have been discussed by Herr

Lindelof, with the view of ascertaining whether any support were

afforded by them, to a conjecture of identity of the comet, with

the first comet of 1853 ; and those of the comet of 1683, were

similarly reduced by Mr. W. E. Plummer, in his examination of

the elliptical tendency of the orbit indicated by the computations

of Prof Clausen, who had previously recalculated a few of the

observations. There remain the comets of 1652, 1661, 1665,

J672, 1677, and 1682; Mechaiu's reduction of the observations

of the second of these bodies nearly a century since, will hardly

be considered final.

The observations of the comets of 1672 and 1677 were pub-

lished in the second volume of the Machiiia Co;Iestis, and in small

special treatises. This second volume of the great work of

Hevelius, as is well known, is extremely scarce, the whole of the

impression, with the exception of such copies as had been already

presented to astronomers having been lost in the fire which

destroyed the observatory, library and papers of Hevelius on

September 26, 1679. The copies thus saved were [so few in

number, that as Lalande remarks " On pent regarder cet ouvrage

comme un manuscrit ;
" and the special treatises to which we

have alluded are perhaps of equal difficulty of access. The ob-

servations of the comets of 1652 and 1661 were printed in the

Comdographia, not a work of very great rarity, as well as in the

scarce volume of the Machina Ca-lestis ; those of the comet of

1665 also appear in this volume, in a special treatise, and in the

Prodromiis Cometuus, while^ those of the comet of 16S2

(Halley's'comet) are found in Annus Cliinaetericus, and have been

fully utilised.

A new reduction and discussion of the observations of the

comets of 1652, 1661, 1665, 1672, and 1677, is certainly a desi-

deratum, and important assistance in this direction might be

afforded by a republication of the original observations of

Hevelius from some quarter where the scarce volume is accessible.

Madler remarks upon a certain degree of resemblance between

the elements of the comet of 1672 and those of the comet of 1S12,

which is shortly expected to return to perihelion ; and it has

been pointed out in this column that Halley has given the de-

scending in place of the ascending node, for a comet observed in

1 686—an oversight which has found its way into all catalogues

of cometary orbits hitherto published, so that a re- computation

of the orbits of the five comets we have mentioned, which now
rest upon the figures of the Synopsis Astronomm; Comelicie is

wanted, if only for verification.

"The Observatory."—The second number of this new
periodical is before us. Mr. David Gill continues his paper on
" The Determination of the Solar Parallax ; " we have the first

part of an article giving the substance of a lecture recently

delivered at Gresham College, by the Rev. E. Ledger, on "The
Scintillation or Twinkling of the Stars," which has long been an

obscure subject ; Mr. Marth continues his Ephemerides for aid-

ing physical observations of the Moon, Mars, and Jupiter ; and

there is also a report of the proceedings at the last meeting of

the Royal Astronomical Society, including the discussion on the

papers read, which, as was mentioned in a previous notice, it is

intended should form a feature of the publication. We think

every one who is competent to judge of the actual state of the

case will agree in the opinion expressed at p. 55, whUe remark-

ing on Mr. Todd's extension of Damoiseau's Tables of Jupiter's

Satellites to the end of the present century, that "the time has

hardly yet come for the formation of entirely new Tables." So

far as regards the necessary observations, it must be admitted

that they are being followed up with vigour at several observa-

tories. The first binary star orbit on p. 58, refers to ^ Scorpii

(I, Libra; of Flamsteed), not to CLibrfe ; the error, however, is

made in the Astron. N'aclirichkn, whence the orbit is taken.

L'Et£ de la Saint-Martin et les Etoiles Filantes.—
In No. 493 of the Bulletin Hebdomadaire of the French Scientific
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Association, the Abbe Laraey, under the above heading, endea-

vours to explain by a new theory, certain abnormal temperatures

which in one case, at least, has formed the subject of popular

tradition. "The Summer of St. Martin," as the common
phrase runs, presented itself, according to the Abbe, in a very

definite manner in the last year ; the month of November com-

menced colder than usual, but on the 12th it suddenly became

warmer than from the sun's altitude could have been expected.

Long-continued notice of a similar rise in temperature about the

feast of St. Martin the Abbe considers is a proof that our ances-

tors were excellent observers, while the existence of a tradition

upon the point shows clearly that the phenomenon has not been

confined within restricted limits ; it has been exhibited, he says,

simultaneously in Europe and in the United States, and this

without being materially affected by the climacteric conditions of

the places of observation. One circumstance only he thinks ap-

pears to influence it, viz., the latitude; it vanishes as the

equator is approached, and is not yet known to be recognised in

the southern hemisphere.

The anomalous tliermometric effect is not, however, per-

ceptible only about St. Martin's Day. There is an analogous

phenomenon according to the Abbe, in August : "une chaleur

torride qui regne subitement apres quelques jours de refraichisse-

ment de I'air," and a similar effect, though in an opposite di-

rection, has been noticed at the end of April or at the beginning

of May, when vernal frosts so disastrous at this season occur,

and have often been preceded by " une douce chaleur precoce,"

as the Abbe terms it, which has hastened forward the veje-

tation.

After remarking that the cause of such abnormal changes of

temperature is not to be sought in any influence residing cither

in the sun or in the earth's atmosphere, it is suggested by the

Abbe that it may be more probably found in what he calls

cosmical meteorology, or as we are more accustomed to term

this branch of science, meteoric astronomy. In November,

August, and April meteors are more numerous than usual, and

two of the greatest periodical showers yet observed, fall in

November and August. His theory is that when a large

number of meteors are passing between the earth and the sun,

the solar rays are intercepted to a sufficient extent, to cause a

diminution of temperature on the earth's surface, while, when a

similar large number of meteors are so placed that they might

reflect the heat derived from these rays, and so produce an effect

of the opposite nature, that, to use his own words, those calorific

rays "qui viendront frapper I'essaim meteorique encore voisin de

la terre seront riverbSr^'s sur notre planete, de fajon a recevoir

alors un surcrott de chaleur." The Abbe lays some stress also

upon another point of apparent coincidence : the intensity of the

periodical meteoric showers of November varies from year to

year, and " the summer of St. Martin" does not present itself

under the same circumstances in every year.

In thus noticing the Abbe Lamey's attempt to explain a phe-

nomenon which has been so long remarked as to have become a

popular 'oelief, at least in France, it will be understood that we
are by no means advocating the probability of such a theory.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Oxford.—In a Convocation held May 23 a decree was carried,

without opposition, to the effect that the Vice-Chancellor and
I'roctors be authorised to nominate a delegate to represent the

University at the 400th anniversary celebration of the University

of Upsila, in September next.

In a Convocation to be held on June 5 it will be submitted to

the I louse that the Curators of the University Chest be authorised

to expend a sum not exceeding 7,000/. on the construction and
fittings of new chemical laboratories at the University Museum.

Also that a sum not exceeding 2,400/. be expended on certain

additions to the University observatory.

An examination will be held in common at Magdalen, Uni-
versity, and New Colleges, on Tuesday, June 26, for election to

the following mathematical scholarships : — One demyshi]! at

Magdalen College, of the annual value of 95/-, inclusive of allow-

ances ; one scholarship at University College, of the annual
value of So/., tenable for five years during residence ; one
scholarship at New College, of the annual value of 100/., tenable

for five years during residence. Testimonials of conduct, &c.,

to the President of Magdalen College, Mr. C. J. Faulkner, of

University College, or the Sub-Warden of New College, between

4 and 6 or S and r. M., June 25.

The commemoration fixed for June 13 will, it is understood,

be held in the .Sheldonian Theatre, although no official notice

to that effect has appeared. There will be the tisual round of

festivities attendant on the event, though it has not transpired if

the University will confer any honorary degrees on distinguished

persons at the commemoration.

Cambridge.—The Museums and Lecture-rooms Sjmdicate,

in their Eleventh Annual Report, just issued, state that the

buildings are in an efficient state of repair, and the collections,

to which many valuable additions have been made during the

past year, are in good order. They draw attention to the muni-
ficence of the Chancellor of the University, the Duke of Devon-
shire, who has now completely furnished the Cavenrlish Labora-
tory with the instruments required by the present state of science.

Profs. Liveing, Dewar, and Stuart complain of want of suitable

accommodation for the work of their several departments, and
the Syndicate concur in the reasonableness of their complaints.

An important report has been issued by the Musical Exami-
nations Syndicate, w'lich states that under existing regulations

for obtaining a degree in music no provision is made for testing

the literary and scientific qualifications of the candidates. They
therefore recommend that no candidate be admitted to the

examination for the degree of Mus. Bac. unless he have passed

Parts I. and II. of the Previous Examinations, or one or other

of their equivalent examinations. As to the examination for

the degree of Mus. Bac, it is proposed to divide it into three

parts— I, a preliminary examination, consisting of acoustics,

harmony, counterpoint ; 2, the exercise ; 3, a more advanced
examination in musical science ; and'that no person be accepted

as a candidate for the second or third parts until he has qualified

in the previous part or parts. In order to encourage the study

of music, that it be recognised as the subject of an additional

special examination for tlie ordinary B.A. degree, and that a

student who has passed the Previous and the General Exami-
nations, and is in his ninth term of residence at least, having

previously kept eight terms, shall, on passing the preliminary

examinations in acoustics, hannony, and counterpoint, be
entitled, when he has kept nine term 5, to receive, the degree

of Bachelor of Arts.

The " Rede" lecture was delivered on May 25 in the Senate
House by Sir C. WyviUe Thomson, who gave a brief sketch of

the main results obtained by the Challenger expedition.

London.—A new and additional Cliair of Clinical Surgery

has been created at King's College, which is to be filled by Prof.

Lister of Edinburgh. The Chair of Systematic Surgery is

thus still vacant.

EDlNTitTRGU.—The students at the University have, during

the past session, taken a step which it seems surprising they

have not taken long ago. There is, in the Scotch universities,

no college life as in England, the students appearing at their

classes at the proper hours, and then dispersing to their respective

lodgings in v.arious parts of the town. VVliile this system

has undoubtedly its advantages, it is attended with not a few
social, moral, and physical drawbacks, so that we are glad to

learn that the Edinburgh students have started a Students' Club
which has been thoroughly successful, and calculated we believe,

if prudently ctmducted, to be productive of considerable benefit

to the raw and lonely Scotch youth " when first he leaves his

father's fields," to get what training and equipment for the

future fight Edinburgh can give him.

By the transference of Prof. Lister to London, the Chair of

Clinical Surgery in the University becomes vacant.

Sir James K.\y-Shuttleworti[.—The death took place on
Saturday last of Sir James Kay-Shuttlewortli, a name well

known in connection with educational and social reform. The
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deceased baronet, who was born at Rochdale on July 20, 1S04,

was for some time secretary to the Committee of Council on

Education, and whilst fulfilling the duties of this post he was

mainly instrumental in establishing a system of school inspection

by officers appointed by the Government. On his resignation he

was succeeded by Mr Lingen, now permanent secretary of the

Treasury, wlio was succeeded in liis turn by Sir P'rancis R.

Sandford. Under Sir James's scheme teachers were divided into

nine grades, and received money grants, not according to the

number of their scholars or of their passes, but largely, according

to the grade they had obtained by examination or service. He
was hostile to the Revised Code, which was introduced, about

twelve years after his resignation, by Mr. Lowe and his successor.

It is undoubtedly to Sir James that we owe the training col-

leges and the pupil teacher system, without which it would have

been impracticable for us to advance educationally even as we
have done. At the close of the year 1S49 he received a baronetcy

at the recommendation of Lord Russell, then Prime Minister.

In iS'ohe received the honorary degree of D.C.L. from the

University of Oxford.

Spelling Reform.—An influential Conference on English

Spelling Reform was held on Tuesday at the Society of Arts,

under the presidency of the Rev. A. H. Sayce and Sir Charles

Reed. Many weighty reasons were urged against the present

system, and a deputation consisting ot Prof. Max Midler, the

Rev. A. n. Sayce, Dr. Morris, Mr. El is, Mr. Sweet, Dr.

Murray .and others, was appointed to wait upon the Education

Department in reference to the subject. A proposal having the

support of such names as we have mentioned deserves at least

serious consideration.

A SiBERtAN Universttv.— It has been finally decided that

the New Siberian University, to which we referred some time

since, is to be established at Omsk. So long ago as 1S03 a

wealth)' Uralian landowner named Deniidoff gave 100,000
roubles to the Treasury, to be expended in the establishment of

a University. This sum has now swollen to 150,000 roubles, to

which a Siberian merchant has added 100,000 roubles more.

Orders have been issued to begin the construction of the uni-

versity buildings at once, so as to have them ready for occupation

by July, 1S80. The estimated cost of the future professional

staff, together with other incidental expenses connected with the

university, is 307,000 roubles yearly.

SOCIETIES AND ACADEMIES
London

Mathematical Society, M.ay 10.—Lord Rayleigh, F.R.S.,
president, in the chair.—Mr. Tucker communicated a short

account of a paper by Dr. Hirst on the correlation of two
planes. In a former paper on the subject {^Proceedings, vol.

v., p. 40), the nature and properties were described first, of

an ordinary correlation satisfying any eight given conditions
;

secondly, of an exceptional correlation of the first order, pos-

sessing either a singular point or a singular line in each plane, and
satisfying seven conditions ; and thirdly, of an exceptional cor-

relation of the second order, having in each plane not only a
singular point but also a .lingular line passing through that

point, and satisfying six conditions. Moreover, the two follow-

ing numerical relations were established between the (7r,A) excep-
tional correlations of the first order, with singular points and
singular [lines respectively, which satisfy any seven conditions,

and the {/t, v] ordinary correlations, which, besides satisfying

these same conditions, possess a given pair of conjugate points or

conjugate hnes respectively (2f = /*-(- tt, i{i — v\'h]. It was by means
of these relations that the number of ordinary correlations was
determined which satisfy any eight elementary conditions. Be-
fore they could be applied, however, the exceptional correlations

of the first order which satisfy any seven elementary con-
ditions) had to be directly determined, and this determination not
unfrequently necessitated the consideration of the projective pro-

perties of curves of high order. In the present paper the

writer shows that the object just referred to can be attained in a

very much simpler manner by means of two general relations,

hitherto unobserved, connecting the number ol exceptional cor-

relations of the second order, which satisfy any six conditions,

with the numbers of exceptional corrtlations of the first order
which, besides satisfying the six conditions in question, possess

a given pair either of conjugate points or conjugate hnes.—The
secretary then read part of a paper by Prof. II. Lamb, of the

University of Adelaide,'on the free motion of a solid through an
infinite mass of liquid. Suppose that we have a solid body of

any form immersed in an infinite mass of perfect liquid, that mo-
tion is produced in this system from rest by the action of any

set of impulsive forces applied to the solid, and that the system

is then left to itself The equations of motion of a body under

these circumstances have been investigated independently by
Thomson and by Kirchhoff, and completely integrated for

certain special forms of the body. The object of the present

communication is, in the first place, to examine the various

kinds of permanent or steady motion of which the body is capable,

without making any restrictions as to its form or constitution ;

and, in the second, to show that when the initiating impulses

reduce to a couple only, the complete determination of the motion

can be made to depend upon equations identical in form with

Euler's well-known equations of motion of a perfectly free rigid

body about its centre of inertia, although the interpretation of

the solution is naturally more complex. Free use is made
throughout the paper of the ideas and the nomenclature of the

theory of screws as developed and established by Dr. Ball.

—

Herr Weichold (Head-master of the Johanneum, Zittau, Saxony)

sent a paper (read in part by the secretary) containing a solution

of the irreducible case, i.e., of the problem to express the three

roots of a complete equation of the third degree, in the case of

all these roots being real, directly in terms of its cuefficients, by
means of purely algebraical and really performable operations,

whose number shall always be limited, except in the case where

all these roots are incommensurable.—Mr. H. Hart made three

communications; First On the "Kinematic Paradox."— Prof.

Sylvester has described a system of Peaucellier's cells, the poles

of which all move in a straight line, but two of which not

directly connected always remained at a constant distance. Such

a result is very easily obtained by means of the following rela-

tions connecting six points A, B, C, D, E, F, lying on a straight

line. If

E D ._ , F
A ' C B

AB.AC= a")
BC.BD = 4«H ti,=„ J7r
E-z> ETi « / then /</> = a.EB . ED = o-

1

FA . FE = 2a" )

He then spoke on the solution of the algebraical equation

/(-y) = o by linkwork, considering three points, the preparation

of the equation (put under the form + + . . .—k),^ '^

X + a X -\r l>

the representation of the terms of this equation, and the method
of adding these terms. He showed that for the solution of the

cubic x^ + p .r- -i- q x + r = e, treated under the form—

+ / +
(-j)

+ -

two reciprocators alone are required. He then spoke on the

production of circular and rectilinear motion. The particular

problem considered, he thus enunciated " to

find if possible the relations that must exist

"f between the fourteen segments of the bars

C
I placed as in, the figure in order that

the system may be capable of free mo-
'' *- ** tion." He showed that seven equations can

be obtained connecting the fourteen quantities only, so that any

seven being given, the remaining seven can be determined in

terms of them.—Mr. Hart then proceeded to the application to

the cases of 5-bar motion, laid befoie the Society at its April

meeting. Mr. Kcmpe stated that the cases submitted by Mr.

Hart at the previous meeting had also occupied some of his

attention, and he proceeded to remark that he had determined

the positions that the lines G E, AM/ must have, and that the

determination of one involved the determination of the other, as

the position of either turned upon the fact that the angles at A
and // must be equal. Prof Cayley also made a few remarks

on the subject. Mr. J. W. L. Glaisher stated that he had had

all the cases in which there are more than fifty consecutive com-

posite numbers looked out from Burckhardt's and Dase's tables,

which cover six millions, and that he had found that in the first

million there is a stretch of 1 1 1 numbers without a prime (about

310,000), and a stretch of 113 numbers without a prime (about

500,000) ; so that there are two very long sets of composite
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numbers in the first miUioii, and these are longer, lie thought,

than anyone would have supposed likely. He exhibited the

lists from which he drew the above results. Questions were put
to the meeting, for information, by Prols. Cayley and Clifford.

Geological Society, May 9.—Prof. P. Martin Duncan,
F.R..S., president, in the chair.—James Dorrington, Rev. E. R.
Lewis, Edward Penton, Henry Rosales, and Henry White were
elected fellows of the Society. —On the Agassizian genera
Amlilypienis, PaUeoiiisciis, Gyrolefiis, and Pygoptcrus, by Ramsay
H. Traquair, F. R.S.E. The author's object in this paper was
to discuss the characters by which the above genera of fossil

fishes have been supposed to be distinguished in the case of

specimens from the carboniferous series.—On the circinate

vernation, fructification, and varieties o{ Sphcnoptcris a^iiiis, and
on Staphyloptcris (?) peacJiii, Etheridge and Balfour, a genus of

plants new to British rocks, by C. W. Peach, A.L. S., commu-
nicated by Robert Etheridge, E.R.S., V.P.G.S.—On the occur-

rence of a Macrurous Decapod (Antltrapahrmon %ooodwardi, sp.

nov.) in the red sandstone, or lowest group of the carboniferous

formation in the south-east of Scotland, by Robert Echeridge,

jun. , P'.G. S. After giving a detailed bibliography of the pal.T^o-

zoic malacostracous Crustacea, the author described the remains
of a small crustacean from the lower group of the carboniferous

formation near Dunbar, and discussed its affinities and systematic

position, which he regarded as being among the Macrurous
Decapods, altliough the absence of the eyes in the preserved
specimens, and some other characters, rendered it doubtful

whether it might not in some respects approach the Stomapoda.
Its position among the Macrura seemed, however, to be esta-

blished by the well-developed abdominal somites and telson. He
referred the fossil to Salter's genus, Anthyapalmmon, and named
the species A. tuoodwardi.—On the stratigraphical position of

the corals of the Lias of the Midland and Western Counties of
England and of .South Wales, by R. F. Tomes, communi-
cated by R. Etheridge, F. R.S., V.P.G.S. The object of this

paper was to give the precise stratigraphical position of the
species of liassic corals collected by the author and his friends

in the districts above mentioned. He noticed forty-one species,

of which fifteen were described as new.

Paris

Academy of Sciences, May 21.—M. Peligot in the chair.

—

The following papers were read :—Meridian observations of

small planets at the Paris Observatory during the first quarter of

877, by M. LeVcrrier.—On Gay-Lussac's law of volumes, by
M. H. i;t. Claire Deville. He considers recent researches have
neither invalid.ited nor added to the law.—On an algebraic

method for obtaining the ensemble of the fundamental variants

and co-variants of a binary form, and of any combination of
binary forms (continued), by Mr. Sylvester.— Report on M. Rou-
uaire's project of making an interior sea in the south of Tunisia
and the Province of Constaniine. M. Fave reports favourably

;

but on the points, whether the sea would not dry up, whether
the vapours would benefit neighbouring lands and not be
carried to the sea by winds, and whether the eastern Algerian and
Tunisian climate would recover its old fertility, and be improved
hygienically, MM.Daubrccand Dumas(while adopting thegeneral
conclusions) express hesitation, and desire further researches.

—

Report on a memoir of M. Stanislas Meunier, entitled "Com-
position and Origin of the Diaraantiferous Sand of Toit's Pan
(in South Africa). M. Meunier has separated several mineral
species not before noticed there, and offers an ingenious explana-
tion of the way of filling up,those vertical pits.—On the employ-
ment of oxygen of high tension as a process of physiological
investigation

;
poisons and virus, by M. Bert. There is in an-

thracic blood a toxical and virulent principle which resists the
action of compressed oxygen and alcohol, and which can be
isolated like diastase. M. Bert is studying its nature and its re-

lation to the bacteria. Lymph, too, and the pus of glanders,
by resisting compressed oxygen, show that their virulent action
is not due to living beings or cells.—On the employment of
rotatory discs for the study of coloured sensations, by M.
Rosenstiehl.—Dehydrated oxalic acid may serve to characterise
polyatomic alcohols ; chemical function of inosite, by M. Lorin.
—Decomposition of chlorhydrate of trimethylamine by heat,

by M. Vincent. This subst.ince might be utilised to give
ammoniacal products and pure chloride of methyl, the latter

yielding the methylated aniline colours or pure methylic al-

cohol.—Observations of a disease of the vine known com-
monly as white, by Mr, Schnetzler.—New spectroscopic method,

by Mr. Langley. Two spectra from the north and south
poles of the sun respectively are put in juxtaposition (a

considerable dispersion being used) ; let the instrument be
adjusted so that the lines in both are continuous. On
turning the spectroscope round its axis of coUimation till

the light comes from the east and west extremities of the
equator the solar lines are displaced, while the atmospheric
remain continuous. On turning 180° the spectra glide on one
another like a Vernier on a scale. The point is, siinultaiieous

observation of the different displacement of the solar and
the atmospheric lines in the two spectra.—On a trans-

mission of motion, by M. Roze.—On the spectrum of the elec-

tric spark in a compressed gas, by M. Cazin. From experi-

ments on air and nitrogen he concludes that the electric spark in

a gas is similar toan ordinary hydrocarbon flame. In each there are
luminous particles giving a spectrum of lines, and solid or liquid

particles giving a continuous spectrum. The latter (in the case of

the spark) come from the electrodes and the walls. When the
pressure is increased these particles are more abundant ; the con-
tinuous spectrum becomes more brilliant, and finally makes the

linear spectrum disappear. The luminous spark called an
aureole is of gaseous particles, and is to the total spark what the

blue base of a candle llame is to the entire flame.—Studies on
organ pipes, by M. Philbert.—On some new models of r.adio-

meters, by Mr. Crookes.—Thermo-chemical study of aniline

and some other bodies of the same group, by M. Louguinine.

—

On the nitrates of bismuth, by M. Yvon.—On the ]iroperties of
resorcine ; molecular volumes, by M. Calderon. Resorcine in

solution behaves as if it were solid and isolated from the solvent.

In presence of water and potash it absorbs oxygen, though very
slowly.—Anatomical characters of the blood in new-born infants

during the first days of life, by M. Hayem. Inter alia, the red
corpuscles are much more unequal in size than in the adult, and
seem of a different composition. The number (in a cubic metre)

is nearly as high as in the most vigorous adult. The number of

white corpuscles is three or four times as great as in an adult.

When the infant lias reached its minimum weight (about the

third d.iy) the number of these suddenly falls ; various fluctua-

tions ensue (which are described).—On a process for estimation

of alcohol in liquids, by M. Fleury.—On the filling of

fissures in chalk with silex, by M. Robert.—M. Vinot presented

a celestial map of the equatorial region.
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THURSDAY, JUNE 7, 1877

THE ANTIQUITY OF MAN
1""HE Conference on the Antiquity of Man lately held

by the Anthropological Institute, and reported in

these columns, has led to a result by no means unsatis-

fictory, when all the conditions of the problem are duly

weighed. The result is merely negative, but in arriving

at it several misconceptions and errors of fact seem to us

to have been swept away. In its discussion there were

two parties represented, one eager to show that the anti-

quity of man has been proved by modern discovery to be
far older than the date which had been arrived at by the

labours of Falconer, Lyell, Prestwich, Evans, Boyd
Dawkins, and others, while the other contended that the

subject had not advanced in the least degree during the

last {&\\ years, and that the so-called discoveries were

either errors of observation, or resulting from premises

which were altogether unsatisfactory. The field of the

discussion lay in matters geological rather than archseo-

logical, and the caution which the president urged upon
the conference was certainly not urged in vain.

The chief interest of the debate turned upon the ques-

tion as to whether there was any evidence in this country

of man in the caves or river deposits older than post-

glacial times. The readers of the works of Messrs. Croll

and James Geikie will remember that they ascribe all the

traces of paleolithic man in this country either to a pre-

or inter-glacial age, basing their conclusions principally

upon the fart that in the river deposits and caves some of

the associated animals, such as the hysena, lion, and
hippopotamus are now only to be found in hot climates

;

and seeing that no traces of a warm climate are presented

by any post-glacial deposit in Britain, they infer that

those in question are of a much higher antiquity. They
account for the association of southern and northern

animals by the supposition that they occupied the country

at different times, during glacial or interglacial reons of

from five to twelve thousands years in length. To this it

was objected that the intimate association of forms prove

that both sets of animals inhabited the country at the

same time, and were the result of the overlapping of dif-

ferent faunas during seasonal changes. The reindeer

fornitd a large portion of the piry of the hyjena, and

must therefore have been a contemporary. It was also

pointed out by one of the speakers, that there is no

evidence from the animals that there ever was anything

like " the perpetual summer," advocated by Mr. Geikie at

any time in the pleistocene age. The hippopotamus

in Regent's Park takes his tub regularly in spite of the

east winds so prevalent in the spring, which remind one of

the glacial period ; and the tiger crosses the frost-bound

rivers of the Amoor to prey upon the reindeer. The lion,

now found only in the south, lived in the days of Hero-

dotus in the inclement mountains of Thrace. It seems,

therefore, to us, that any argument based upon fossil

animals as to a warm inter-glacial period, is worthless.

And further, it is obviously unfair in treating of the fauna

associated with man to adopt the forensic device of

choosing some witnesses to the exclusion of others. It

would be as easy to prove the climate in question to have

Vol. .\vi.—No. 397

been temperate from the associated remains of bison,

stag, and horse, as it would be to prove it to have been
arctic from the associated musk sheep, lemmings, and
reindeer. It was probably a varying climate, with great

extremes, similar to that in Central Siberia, in which the

summer heat and winter cold are very severe.

The fossil mammalia of the pleiostocene tell us nothing
as to the relation of man to the glacial period. The
Arctic species invaded Europe probably from Asia, while

the ice was finding its way southwards from the mountains
of Scandinavia, and occupied the area north of the Alps

and the Pyrenees, while the confluent glaciers covered

the area north of the valley of the Thames. When the

ice ultimately retreated they followed it, and thus were
both pre- and post-glacial. Nor do the survivals from the

pleiocene age tell us anything, such as the hippopotamus,
the Rhinoceros leptorhiiuis, and the Elephas antiqiius,

since they belong both to the earlier and later pleistocene

stf.ita, and are also associated with remains of reindeer,

and other northern species. The presence of the reindeer

in all the palaeolithic caverns stamps the age of man as late

pleistocene, according to Prof. Boyd Dawkins, but it does

not afford any clue as to his pre- or post-glacial age. The
glacial period is not a hard and fast line dividing one
fauna from another. One pateolithic cave, however, in

this country, that of Pont Newydd, in the valley of the

Elwy, near St. Asaph, is of well-ascertained post-glacial

age.

The argument urged in favour ofpateolithic man being

pre- or inter-glacial, based upon the distribution of the

mammalia in southern and eastern England, and in

France, while they are conspicuous by their absence in

the glaciated areas of Scotland, Cumberland, and Wales,

was met by the view that the barren areas were covered

with ice, ivliile other districts further to the south were

occupied by the animals. The hypothesis that the uplands

of Wales and Northern Britain were ever stocked by the

same animals as the fertile river-bottoms of the south,

seems to us little less than absurd. Yet this is necessary

for the view that their remains have been removed from
the barren areas by the subsequent grinding of the ice-

sheet.

In the course of the discussion the reputed cases of the

occurrence of palsolithic remains in the deposits older

than the post-glacial were minutely criticised. Prof.

Busk stated that the fibula of the Victoria Cave, formerly

supposed to be human, was altogether too insignificant

a fragment to base any conclusion upon as to man's
antiquity. Two small cut-bones, however, of goat were
brought forward by Mr. Tiddeman in support of the pre-

or inter-glacial age of man in the Victoria Cave. On the

other hand, it was urged that these were derived from the

superficial stratum containing Roman coins and pottery,

lie, in which they were very abundant. From the nature

of the cuts it seems to us that if it be established that

they were discovered in the undisturbed stratum along

with the hyaenas, they would prove not only the presence

of man, but of a user of a knife or chopper of bronze or iron.

The absence of the goat, also (probably a domestic ani-

mal) from all undisturbed pleistocene deposits in thi-

country, and in France, Belgium, and Germany, renders

it very probable that the animal was introduced into those

regions after the close of the pleistocene ag-r But even
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supposing that these diflSculties be got over, the age of

the deposit in which these fragments are stated to have

been found is a matter of dispute in which the authorities

are about equally balanced on either side.

The asserted inter-glacial age of the river gravels con-

taining paleolithic implements proved equally unsatisfac-

tory. The cases supposed to be decisive of the question

in the neighbourhood of Brandon and Thetford, were

considered by Prof. Hughes to throw no light upon it,

sin"e the deposits above them, supposed to be boulder

clay, are not boulder clay in situ. It was forcibly urged

by several speakers, and especially by Prof. Prestwich,

that the Hint implement-bearing strata are proved by their

position in the valleys to be later than the glaciation of

the district, in every case where it has been glaciated, or

in other words, that they are decidedly of post-glacial

age.

The general question of the antiquity of man in Europe

was not discussed, although we gathered that the evidence

of the presence of man in the Italian pleiocenes was not

considered satisfactory. The general impression left

upon our minds is that in Britain there is no evidence of

any pateolithic men, either in caves or the river-deposits

of an age older than post-glacial, and that the discoveries

of the last fourteen years have merely given us interesting

details as to the pakLolithic savage, without telling us

anything of his relation to the glacial period.

THE VALUE OF NATURAL HISTORY
MUSEUMS

WELL-arranged museums are valuable to the state in

many ways. The technological department ought

to show in what new directions capital may and may not

be invested ; the geological and mineralogical should point

out in what kind of rock and in what parts of the earth's

crust ores and minerals are to be sought, and should save

the expenditure of money in useless trials. The museum
of the Royal School of Mines in Jermyn Street performs

these functions. But they are valuable in a still higher

sense as encouraging a love of knowledge for its own
sake apart from any selfish aims. The visitors to the

British Museum, however frivolous they may be, leave it all

the better for having been there. It is impossible that they

should not carry away some sort of idea, which otherwise

would not have occurred to them, even if it be merely the

recognition that outside their daily lives there is a world

of knowledge vast and indefinite, but real and tangible.

In this respect museums are educators of the masse?,

offering them a means of culture which would otherwise

be out of their reach. And lastly, as instruments of

training in natural history they are, as I have already

observed, as necessary to the student as collections of

books to the student in arts.

Natural history pursuits are in themselves one of the

forms of higher education, and one that is especially

adapted for the culture of the lower, sometimes falsely

termed theworking classes— as if the higher classes worked

neither with head nor hand. In proof of this I may quote

the following example, which I am free to mention by the

death of the man to whom it relates. Some years ago a

mechanic, one of the evening class students at Owens
College, took me to see a collection of fossils made by

" a hand " in a cotton-mill at Oldham. To my astonish-

ment I found that it consisted not merely of fossils an
natitrcl, shells, and the like, but of those of coal plants,

polished, and in many cases cut into slices so as to show
their minute structure. This had been done by rubbing

them down on the kitchen floor, cementing them to a piece

of glass, and then grinding them until they became trans-

parent. The care and labour implied in a process of this

kind can only be estimated by those who have tried it.

But it was necessary to have a microscope to see them,

and I actually discovered that the instrument which was
given me to use was made by the man himself, who could

not afford to buy more than the lenses, which he mounted
in tubes that were made to slide in each other after the

manner of a telescope. He was also a good local botanist.

His collection of fossils, along with another made by a

friend of his under similar circumstances, furnished

the materials on which Prof W. C. Williamson has to

a great extent founded his admirable memoirs on the

coal-plants, now being published by the Royal Society.

From time to time I saw a good deal of my friend, and a

man more completely lifted out of the usual level of his

class into what I may call the unselfish horizon I never

met. This could be traced directly to the scientific pur-

suits to which he was led by seeing somebody one day

pick up a piece of coal shale, and hearing him say that

there was a fish scale in it. He disbelieved this, examined

for himself, took to collecting, and ultimately became

what he was, devoting his early mornings and his late

evenings not merely to collecting but to knowing. His

knowledge embraced other things than natural history.

James Whittaker, of Oldham, may be taken as a type of

the effect of natural history in elevating a man's character.

He is the representative of a small, though very imponant,

body in the Northern Counties, a body which would be

largely increased by the foundation of museums of the

right sort. From [i ersonal contact with men like him I

have arrived at the conclusion that in this direction we

have a means of spreading culture among the intelligent

mechanics, artisans, and mill-hands, who go neither to

church nor chapel, who do not read very much, and very

often have no aims higher than those of the mere animal

li'e. Had they access to museums on holidays and in

the evenings, I am sure that the receipts of public

houses would ultimately be lessened. At present they

have few recreations and little chance of self-improve

ment ; for the so-called mechanics' institutes, which were

originally intended for them, have generally passed into

the hands of the class immediately above them.

W. Boyd Dawkins

PHYSIOLOGICAL JESTHETICS
P/iyu'oloqical ^Esthetics. By Grant Allan, B.A. Svo.

(London : Henry S. King and Co., 1877.)

WE have here a little work of some 300 pages, which

deals with the philosophy of lesthetics almost

exclusively on its physiological side. Of course, in thus

restricting his subject, the author neglects all the more

subtle and intricate parts of that philosophy ; but every

competent reader will agree with him that it is desirable,

for the purpose of analysis, to separate as distinctly as

possible the physiological from the psychological elements
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of xsthetics. For although the two classes are intimately

blended in reality, this only makes it the more desirable

to eliminate the one from the other in our analysis
;
so

that we may perceive, as clearly as we can, how much of

the total effect which our resthetic consciousness supplies

admits of being resolved into simple constituents, and

how much remains over as complex constituents. Now
in this respect Mr. Allan has profited well by the expe-

rience of previous writers ; for while he treats his subject

very thoroughly so far as it can be treated on the lower

basis of physiology, he never permits himself to be

tempted into the alluring superstructure of pure psycho-

logy. So rigidly, indeed, docs he " stick to his text," that

an uninformed reader might peruse the whole essay, and

scarcely receive a hint that there is such a thing as "the

association theory" in existence; while the names of

Burke, Reynolds, Alison, Knight, Stewait, and Jeffrey

are not even once mentioned.

The scope of the treatise being thus carefully confined

to the more simple factors of our esthetic emotions, space

is afforded for a full exposition of numerous facts and

theories relating to this important sub-division of psycho-

logical science. And, on the whole, the work has been

well done. The arrangement is good, the style admirably

lucid, and the spirit throughout scientific. True, there

are no ideas of a strikingly original character ; but a

judicious compilation of facts already known, and a philo-

sophical discussion of the more important theories which

have been raised upon them, would be features in a work

sufficient of themselves to make the latter a valuable

addition to the literature of aesthetics. Mr. Allan, how-

ever, has done more than this. In his dedication he

characterises his work as a " slight attempt to extend in

a tingle direction the general principles which he (Mr.

Herbert Spencer) has laid down ; " and in this attempt

we must allow that our author has been successful.

Setting out with the object of " exhibiting the purely

physical origin of the sense of beauty, and its relativity to

our nervous organisation, Mr. Allan begins by " investi-

gating the nature of Pleasures and Pains generally." The
most important part of this discussion is that in which he

criticises the law thus enunciated by Prof. Bain :
" States

of pleasure are concomitant with an increase, and states of

prin with an abatement, of some, or all, of the vital func-

tions." On this law it is remarked, with justice, " in its

endeavour to be antithetical, it misses the real relationship

between the two states. If pleasures were the psychical

concomitants of an increase of the vital functions, then

our two greatest, if not our only pleasures ought to be

digestion, and repose after exertion. . . . Mr. Bain has

sighted this difficulty, but, not perceiving its full force,

has endeavoured to avoid it by a supplementary theory of

stimulation, which appears to me far more important than

his main law. 1 believe the true principle of connection

to be this: Pleasure is theconcomitant of the healthy action

of any or all of the organs or members supplied with

afferent cerebro-spinal nerves, to an extent not exceeding

the ordinary powers of reparation possessed by the

system. And just as the two laws are not exactly anti-

thetical, so too the feelings themselves are not directly

and absolutely opposed to one another as will be seen

in the sequel ... In short, it wi be seen that while

Prof. Bain refers pleasure to an increase in the efficiency

of the organism, it may better be regarded as the concomi-

tant of a normal amount of activity in any portion or the

whole of the organism." Thus " every activity when not

excessive nor of a sort to prove destructive of the tissues,

is doubtless in itself faintly pleasurable . . . but owing to

the commonness and faintness of the feeling, we habit-

ually disregard it." Nevertheless, when the whole

organism is " under the influence of abundant food and

good rest, the general stimulation of the nerves produces

a consciousness of massive pleasure." Moreover, "the

special stimulation of a single organ whose periods of

activity are long intermittent, and which is at the culmi-

nating point of its nutrition, produces consciousness of

acute pleasure." From considerations such as these,

illustrated by a large number of subsequent examples,

there is deduced the general formula, that " the amount

of pleasure is probably in the direct ratio of the number

of nerve fibres involved, and in the invei'se ratio of the

natural frequency of stimulation." Hence it is that the

possible intensity of pleasures can never approach the

possible intensity of pains ; for while the organism, or

parts of it ; may be reduced or injured to a large extent

before loss of sensibility supervenes, " efficient working

cannot be raised very high above the average." Hence,

too, " the aesthetically beautiful is that which affords the

maximum of stimulation with the minimum of fatigue or

waste, in processes not directly concerned with vital

functions."

'

Such may be said to be the foundation on which the

present system of " Physiological /Esthetics" is raised.

Thus, to select a few among the copious illustrations which

are offered :-- "The vulgar are pleased by great masses

of colour, especially red, orange, and purple, which give

their coarse nervous organisation the requisite stimulus
;

the refined, with nerves of less calibre but greater dis-

criminativeness," require delicate combinations o{ comple-

mcntarics. Similarly in music, the complex liarmony of a

Bach's fugue pleases the cultured ear, while a chorus of

Offenbach, or the boisterous melody of a comic song, is

more gratifying to the common people. Again, the

aesthetic superiority of musical tones over mere noises is

naturally explained by the fact, that " while the nervous

apparatus for the perception of the latter receives frequent

stimulation, each portion of the nervous apparatus for the

perception of the former is comparatively seldom stimu-

lated." Similarly, of course, simple tones are musically

" poor," because they " can only arouse a sympathetic vi-

bration in a single one of Cortis's organs;" while tones

rich in harmonics are musically "full," because they

stimulate a correspondingly greater number of Cortis's

organs. Beats, again, are disagreeable, because " the ear is

conscious of each separate interruption of the tone, and

each subsequent reinforcement," thus receiving a des/ruc-

tiTc amount of intermittent stimulation. Similarly, though

in a lesser degree, with dissonance ; and similarly, too,

with the optic nerve, when flashes of intermittent light

follow one another too rapidly for the receptive material

' The Litter qualification arises from a lengthy discussion in which Mr
Sperctr's view as to the origin of liie Play-instirct from a superfluity of

ner\ous energy is explained. This is explained in order that the aesthetic

feelings, which by the theory are supposed to have a similar origin, may be
analytically differentiated from the playful feelings—the distil

Art and Hay being supposed to consist largely!
.f.d

the over-fed sensory fibres, " the orga

passive side of our nature
"

the fact that while the
fibres.' the former has reference to

I of sight, hearing, &c.," or " the
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to undergo repair during the intervals of darkness. The
aesthetic superiority of the analytic colours over black,

white, and grey is explained by considerations analogous

to those which have just been mentioned in the case of

musical tones and noises ; while harmony of colours is

treated in the same way as harmony of sounds. A some-

what curious speculation is ventured to explain the appa-

rent deficiency of the red-perceiving elements. " It is

clearly desirable that the eyes of the frugivorous animals

should be pleasiirahly stimulated by reds, oranges, and

purples ; and the simplest contrivance for effecting this

end would be to give the greatest possible rest to such

elements as answer to stimulations of these orders. Ac-

cordingly, they ought only to be excited by comparatively

powerful s imulations of their proper kinds."

Adopting Mr. Spencer's view ^ as to the ideal being a

faint central stimulation of such nerve-fibres as would

receive strong peripheral stimulatioti by the reality, Mr.

Allan carries his analysis to the limit where " Physio-

logical yEsthetics " must end, and where Psychological

Esthetics ought only to begin. Space, however, will not

allow us to follow him into this division of his subject.

Enough has been said to show that his work deserves the

attention of psychologists ; and it may be added that as

he throughout clearly explains both the physics and the

physiology of his subject, his entertaining little treatise

will prove instructive to any general readers who may be

desirous of observing the intimacy of those relations

between psychology and the lower sciences, which the

magnificent generalisations of recent years are now every

day bringing into clearer prominence.

George J. Romanes

OUR BOOK SHELF
Select Plants readily Elit:,ible for Industrial Culture or

A'atm'alrsation in Victoria, with Indications of their

Native Countries and some of their Uses. By Baron
F. von Mueller, C.M.G., F.R.S., &c. (Melbourne

:

McCarron, Bird, and Co.)

This is another form of Baron Mueller's, numerous and
widely-spread contributions to the Acclimatisation .Society

of Victoria- -numerous we say, because the Baron's pen
is always at work upon botanical matters, the considera-

tion of useful plants being apparently one of his favourite

themes, and widely spread, because these papers on
" select plants " seem to have been freely distributed not

only in Australia and in this country, but also in America,

where indeed some portion, if not all, have been repub-

lished. The present issue. Baron Mueller tells us. is a

rearranged and largely supplemented form, which has
been taken up by the Government of Victoria, and pub-

lished under their authority. The book, which numbers
some 293 pages octavo, contains references to an im-
mense number of plants, the information attached to each
being brief but withal accurate. The generic and specific

names are arranged alphabetically from beginning to

end, and this arrangement is perhaps the best for general

use. After the scientific name, the vernacular name is

given, then the geographical distribution or habitat, fol-

lowed by a note as to the nature of the plant, whether a

tree, shrub, or what not, and finally a brief description of

its properties and uses. As a proof that Baron Mueller

^ Here, as indeed in most other places, Mr. Allan does not express his

obli^alioi.s. Doub:le>s, having a psychological public in view, he thought
it superfluous to state the sources from which such well-known conceptions
have sprung ; but as his work is in all other respects adapted to badly-
informed readers, it would have been desirable, on their account, to have
supp'ied the c onvssi^ns.

has corrected this latest issue of his papers, down quite

to the present time we may mention that under Nicotiana
tahacum, Lattakia tobacco is included, and it is only within
a comparatively recent date that Mr. Thiselton Dyer has
shown this to be right, nearly all previous writers having
attributed it to N. rustiea. At the conclusion of the book
a very good plan is adopted of classifying the plants
mentioned under distinct heads referring to their uses

;

thus, under alimentary plants, the generic names of all

such are placed ; the same under dye plants, fibrous

plants, and so on. A good index is given of vernacular
names only, which is quite sufficient when it is remem-
bered that the scientific names are arranged alphabeti-

cally throughout the book.

Notes on the Ancient Glaciers of Neiu Zealand. With /

Map. By J. C. Russell. Reprinted from the "Annals |

of the Lyceum of Natural History." (New York :

November, 1876.)

Mr. Russell was attached to the U.S. Transit of Venus
Expedition, and finding himself stationed on the shores of

Lake Wakatipu among the snow-fields and glaciers of the
South Island of New Zealand he read what had been
written on the ice-work of that region and supplemented
his reading by the personal observations recorded in

these notes. Though he does not add any important
new fact to our previous knowledge he gives an interest-

ing resumi: of the physical geography of the glacier region,

pointmg out the evidence for the former greater extension
of the ice-fields of New Zealand, and dwelling especially

on the proofs of enormous erosion shown by the valleys

and lake-basins.

LETTERS TO THE EDITOR
\_The Editor does not hold hitnself respotisibte for opitiions expressed

by Ms correspondents. Neitlier can he undertake to return,
or to correspond with the writers of rejected manuscripts.
No notice is taken of anonymous communuations.

The Editor urgently requests correspondents to keep their letters as
short as possible. The pressure on /lis space is so great that it

is impossible otherwise to ensure the appearance even ef com-
munications containing interesting and novel facts.']

Nectar-secreting Glands

I HAVE briefly described in vol. xv. of the Linn.Tean Society's
fournal, the nectar-glands found at the base of the fronds of the
brake fern (Pteris aqidlina) which are visited by ants for the sake
of their sweet secretion. This case seemed to me to show in a
striking manner that extra-floral nectar-glands are not necessarily
proteciive in function, because the fern has, in England at least,

extremely few enemies. The following extract of a letter lately

received from Fritz Miiller (of St. Catharina, Brazil) is of con-
siderable interest in relation to this subject. He states that
" the honey-glands on our Pteris aqidlina serve, without doubt,
to protect the ferns from the depredations of the leaf-cutting

ants (dcodoma), as is the case with Passiflora, LufTa, and many
other plants. The glands of the Pteris are eagedy visited by a
small black ant, Crematogaster, of which the CEcoioma seems
to stand in great dread. On the other hand, when no protecting
ants are present, I have seen (Jicodoma gnawing the young
fronds ; here, as in other cases, it is only the young leaves that
stand in need of protection, the older ones not being attacked
by the leaf-cutting ants." This fact might, no doub', be used
as an argument by those wh-j believe that all nectar-glands were
originally developed as protective organs, and this argument
would have great force it it could be shown that Pteris aquilina
is a form which has arisen in countries where protection is

needed ; but even in that case there would remain the difficulty

of accounting for the continued function.il activity of the glands
in districts where no such protection is required. Or it may be
said that in past ages the glands on our European I^teris served
as a protection against enemies which have now become extinct.

But here we are again met by the difficulty of accounting for

the continued activity of the glands. It is characteristic of evo-
lution that great changes occur in the functions of organs, and I

think that it will generallv he allowed that even tha most beauti
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fully adapted apparatus must have originated in an organ per-

forming some comparatively simple function. The question at

issue may perhaps tte s'ated as follows :—In the cases where the

nectar-glands are now well developed has there been a special

course of structural development in close relation with the need

of the plant for protection ? Has there been a course of evolution

such as we may believe has taken place in the formation of

the food-bodies in Aiacia splurrocphala and Cecrofia pdtata,

or should we not rather believe that the sweet secretion has been
devefoped in connection with some unknown process of nutrition

;

according to this view, a well developed system of glands may
continue merely performing some obscure excretory function,

and consequently, although the presence of nectar-glands has

undoubtedly been of the utmost importance in determining the

survival of certain species, yet it is hardly fair to assume that

all nectar glands were originally protective in function. For
many plants secrete large quantities of sweet fluid, which

serves no such purpose. This argument is given by my father in

his " Effects of Cross and Self-Fertilisation "
(p. 402). In addi-

tion to the facts there given in support of this view, a curious

case described by Prof. H. HolTmann may be mentioned

("Ueber Honigthau," 1876). He states that numerous lai-ge

drops ofsweetish fluid appeared on the under-surfaceof the young
leaves of a canjellia. He also alludes to a similar abnormal pro-

duction of honey-dew on an ivy plant.

In the case of introduced plants, we see how an already

existing quality may, without any special course of development,

become of vital importance to its possessor. Thus, Mr. Belt

shows ("Naturalist in Nicaragua," p. 74) that the lime, Citrus

limonum, is able to exist in a wild state, because its leaves are,

from some unknown reason, distasteful to the leafcutting ants
;

whereas the orange, C. aurantium, and the citron, C. medica,

can only survive with the help of man.
Fritz Miiller concludes his letter with some curious facts on

kindred sutjects:

—

"Tlie extreme variability of the nectar-glands on the leaves

of many plants, is a somewhat remarkable fact. Thus our

Citharexylon has normally two large glands at the base of the

leaves, but sometimes there is only one, and sometimes none at

all ; besides these there are small glands scattered over the

surface of the leaf, the number of which varies from twenty to

none. Similar variations occur in the nectar-glands of AUhornea
eryl/irosfermum, and of a Xanthoxylon. It seems to me pro-

bable that in all the cases at present known, these glands serve

to attract protecting ants ; and I here agree with Delpino,

although I do not hold with him that caterpillars are the chief

enemies which are guarded against by Pheidole and Cremato-

gaster ; but I think with Belt that these latter ants protect the

plant against the leaf-cutting species. Indeed it is precisely

those plants which are free from the attacks of ants that seem to

be especially well fitted for caterpillars. Thus the larvae of

Gynaeria live on Cccropia pdtata, those of Epicalia numilia on

Alchorrua crythrospermum. On the Cayien (?) whose leaves are

furnished with nectar-glands, and are visited by protecting ants,

the caterpillars of many species of Callidryas are found. Finally,

as far as I know, all the larva; of the genus Heliconius feed on

Passiflora. Moreover, the same relation holds in the case of

plants protected in other ways, for instance, by stinging hairs or

by poisonous sap. How numerous are the larva; found on the

European stirging-nettle. In this country we find the cater-

pillars of 'Ageronien' on the stinging Dalechampia ; and

again those of some species of Danais on Asclepias, which is

protected by its milky juice." Fkancis D.\kwin

Down, Beckenham, May 21

Quartzite Implements at Brandon

At the recent conference held by the Anthropological So-

ciety on the present state of the juestion of the antiquity of

man, the president, Mr. John Evans, referred to the finding of

implements made of quartzite at Brandon, and remarked that as

that rock did not exist in the neighbourhood excepting in the

glacial drift, the implements must have been made from pebbles

obtained from the glacial beds, and were therefore of post-glacial

age. This statement was made at the end of the meeting when

there was no opportunity of replying to it, and as its eflect must

have been great, I shall be obliged if you will allow one who
beUeves that none of the palteoliihic implements are of post-

glacial manufacture to make some remarks upon it.

For a full description of the implement-bearing deposits near

Brandon I must refer to an able paper by Mr. J. W. Flower in

the twenty-fifth volume of the Quarterly journal of the Geological

Society. Gravel Hill, near Brandon, is an isolated hill risng to

a height of 91 feet ahove the river, from which it is nearly a mile

di.stant. It is covered with gravel which is mostly, and in some
places entirely, composed of quartzite pebbles. Mr. Flower esti-

mates that three-fourths of the whole are of quartzite. In this

the gravel differs from that of other pits in the neighbourhood of

Brandon, as for instance, that at Bromhill, which contains only

one thirtieth part of quartzose pebbles.

At Gravel Hill, along with some hundreds of flint implements,
four made of quartzite, similar to that of the pebbles, have been
found. All the implenrents are usually found at the bottom of

the gravel, and occasionally lie on the chalk. On the supposi-

tion that the quartzose pebbles, from which some of the imple-

ments have been made, were brought by ice in the glacial period,

some such succession of events as the following must have
occurred. I. Ice, from the north, carried thousands ot cjuartzite

stones and deposited them in immense abundance over a limited

area. 2. Man afterwards made implements from some of them.

3. The whole of the pebbles were rearranged and formed into

beds of gravel with the implements at the bottom, whilst the

distinctive character of the deposit was retained.

This ingenious but complicated theory is not necessary, for

quartzose boulders and pebbles are found in deposits much older

than the glacial period not very far away froai the locality, and
may exist beneath the drit't close to it. It has long been known
to geologists that there are many fragments of old crystalline

rock in ttie upper greensand. They have been described by Mr.

Bonney in his geology of Cambridge, and very fully by Messrs.

SollasandJukesBrowne, who state that fiagments of gneiss, mica,

and hornblende schists, talcose schists, granites, vein quartz, grits,

quartzites, and slates are. very numerous in this bed. It ranges

northward from Cambridge, and is lost beneath the surface

gravels and boulder clays, but it is not at all improbable that it

may run along to the west of Brandon, and there contain even

more quartzose fragments than in Cambridgeshire.

I may remark in conclusion that Mr. Flower, in his descrip-

tion, states, that he is disposed with the French geologists, to

ascribe the outspread of the gravels to some powerful cataclysmal

action, and that he does not know of any boulder clays in the

course of the river from which such a mass of pebbles could have
been derived. Thomas Belt

Cornwall House, Ealing

The Migration of the Swiss Miocene Flora

WilH reference to the route the plants took which formed the

European miocene flora, I should be glad to know why Dr.

Unger considers it to have been Irom America to Europe. He
says; "There is more than one reason for thinking that the

centre from which our lignite flora has sprung was far away
from Europe—in the southern parts of the United States

"

(Joiirn, of Bot., iii. 17). He thinks that the living flora of that

part of America is the lineal descendant of that which gave

rise, by aid of " Atlantis," to the Swiss miocene flora. But is

enough known of the miocene flora of the United States to infer

this? Prof. Hcer says that the methods of comparison he em-
ployed " incontestably prove that Switzerland was inhabited by
types now scattered over every part of the world [agreeing in

that respect with the existing Arctic flora], but of which the ma-
jority con espond with species of South U.S. of America; the

Mediterranean region ot Europe ranks second ; Asia Minor, the

Caucasus, and Japan third ; the Atlantic Isles fourth, and North
Holland fifth" (/VVzf. Hist. Ret'., 1862, p. 154, quoted by Oliver).

Prof Oliver and Sir Charles Lyell thinii that the route was by

Japan, and not by the Atlau'is ; but still (Sir Charles, at least)

from America to Europe. Heer, in his " Frimceval World of

Switzerland" (vol. i. p. 325, Eng. ed.), says the Glyplostrobus

hetcrophylhis of Japan "has probably been derived from the

tertiary species" [of Europe]. Similarly, in comparing the

Ta.xodiuiii disticlium miocenum with that of America, he ob-

serves: "It is very interesting to find that the ancestors of the

existing American swamp-cypresses were formerly spread over

the whole of Europe, as far as 78" N. lat. Again, of Sequoia

Langsdorfii, he observes : "It probably formed a zone round the

whole earth in high northern latitudes."

Instead, then, of regarding either Switzerland or the South

U.S. as a "centre," X would suggest that the miocene flora was

uniformly spread over the whole of the regions bordering the
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entire Arctic circle, just as the Arctic flora is now ; Asia, Japan,

and North-West America being then continuous ; that as the

climate became cooler in the pliocene epocli, it was driven

southwards along every meridian, its descendants now existing in

the localities above mentioned. It will be seen that these form a

belt all round the globe, roughly speaking, between the 30tliand

40th parallels of latitude. Migration to some extent might have

taken place along that belt, but the great migration I suggest

was probably from north to south, and not from east to west, or

vice versa.

The above theory is simply an adaptation of that given by
Dr. Hooker for a similar dispersion of the existing Arctic flora,

which replaced the temperate floras of Europe, Asia, and
America ; but which on the return of a temperate climate

retreated northwards as well as up temperate and even tropical

mountains, perishing, however, in the low lands.

George Henslow

The Fertilisation of Orchids

While botanising this spring in Portugal, I was struck with

the fact that scarcely one of the orchids—species of Ophrys
principally— that I had collected for my herbarium, or exa-

mined in the field, seemed to be fertilised, for none presented

the least indication of having had pollen applied to its stigmatic

surface ; and I examined flowers in every stage of expansion,

from the opening of the bud to the withered and shrunk up floral

envelopes. Kach one, I remarked besides, contained its own
poUinia, their caudicles in their respective glands and in their

natural position. I was so struck with this, that one day
(March 31) I gathered and examined forty-five different flower-

heads, and of all these only one was found to have pollen-grains

on its stigma, and all, the fertilised one included, had their

pollinia intact. The locality was the Tapada d'Ajuda, or Royal
Park, situated just outside the city walls of Lisbon, an inclosure

containing many acres of land, clothed in spring with a rich

flora, and a favourite entomological hunting ground, teeming

with Coleoptera, Ilymenoptera, and the commoner Lepidoptera.

Several of the orchids contained aphides, and a few harboured
a species of small red ant.

On April 21 I again made similar observations, selecting the

same place, as it was most accessible to me, and because several

orchidea; grew there in the greatest profusion. On this occasion

I examined over thirty flowers— none of them the same as I had
examined in March, for I had plucked these at the time, but

there was not one that did not possess its pollinia, and, as on the

previous occasion, none of them showed any appearance of

having had pollen-grains in contact with their stigmas.

Yet the Tapada, during the spring, produces these orchids by
the thousand, vigorous, healthy, sweet-smelling plants, and in

sunny days its air is perfectly alive with insect life, as I have
said, of every kind. Henry O. Forties

Old Hall, Highgate, N."

New Meteor Hadiant

The "two remarkable meteors" closely following each other,

observed by Mr. Hope on May 13 (N.\i ure, vol. xvi. p. 43),
proceeded most probably from a shower in the small southern con-
stellation Crater. Your correspondent describes the point of first

appearance as a little south of Arcturus. If this means about
7° or 8° below that star, then the observed courses accoril well
with the centre indicated, which is apparently quite a new radiant.

From the Italian catalogue of 7,512 meteor paths (observed by
Schiaparelli, Denza, and others in 1S72) which I have lately

been reducing, I found this shower at R.A. 170°, Dec. 10° S.
(near € — 9 Crateris) for May 3-15 from nine meteors.

Ashley Down, Bristol, May 27 W. F. Denning

OUR ASTRONOMICAL COLUMN
Anthelm's Star of 1670.—The small star which is

very close to the position of this object, as determined
from the observations contained in Lemonnier's " Histoire
Celeste," deserves to be closely watched, as there is more
than a suspicion of its variation within narrow limits.

Thus in August, 1872, it was exactly equal to a star which
follows it I2'5s. in R.A., 4''9 to the north; while in

November, 1874, it was as certainly fainter by half a
magnitude. This small star precedes the variable S.

Vulpeculas 43'6s., and is north of it 2' 11"; two other

small stars follow less than 2' from the parallel, 22-45. and
3o"6s. respectively.

Prof. Schunfeld found the place of Anthelm's star from
the observations of Hcvelius and Picard,

R.A. igh. 41m. 37s. N.P.D. 63" 2''3 for 1855-0.

The place of the suspicious star alluded to above is, for

the same epoch,

R A. igh. 41m. 43-5. N.P.D. 63° 2' 7''.

It was meridionally observed at Greenwich in 1872.

D'Arrf.S'i's Comet.—As yet we hear nothing of obser-

vations of the short-period comet of D'Arrest, for which
M. Leveau has worked so laboriously, with the view to

facilitate its discovery at the present return. The inten-

sity of light was at a maximum about May 22, but dimi-

nishes gradually during the summer. Nevertheless, early

in August it is still of the same amount as when Prof.

Schmidt discontinued his obser\'ations at Athens in

December, 1870, at which time he stated he could have
followed it longer but for the want of an ephemeris.

Subjoined are the comet's calculated positions during the

absence of moonlight in the present month, for Paris

noon :

—

Right Norlh Polar Distance froirr
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did not receive this letter until May 14, when he sought
in vain for the comet. Pingr^ who wrote before any sus-

picion liad been raised with respect to D'Angos, attri-

buted this to its having in the interval receded to too

great a distance from the earth, or having attained too

great south declination. It appears that Messier did not

receive any further observations from Malta, but D'Angos
some time afterwards communicated to him elements of

the orbit, calculated by himself, and it was to be presumed
with the aid of further positions. The observatory at

Malta was burnt at a subsequent period, and the whole of

the papers, &lc., of D'Angos were stated to have fallen a

prey to the llames, so that it was supposed in France that

the observations were irrecoverably lost. Burckhardt had
endeavoured by successive hypotheses to extract some
idea of the nature of the orbit from the two rough observa-

tions which he had received, and as his results differed

widely from those of D'Angos, and even the elements of

the latter did not represent these observations, Delambre,
at the instance of JBurckhardt, wrote for further particu-

lars. In reply, D'Angos stated that he had only saved
from the fire his meteorological journal, in which, under
date April 22, was mentioned an observation of the

zodiacal light, without any reference to the comet, whence
he concluded that on this date the latter was no longer

visible.

This assertion will appear a most extraordinary one
when it is stated that so far from the observations being
lost, they had appeared in a memoir drawn up by D'Angos
himself, in a periodical conducted by Bernoulli and
Hindenberg, entitled

—

Lcipcigcr Magaziii fiir leiiie und
angcwandte Matltcmatik, Leipzig, 1786, where they were
discovered by Olbers, as he mentions in a letter to Encke,
inviting his discussion of them. Positions of the comet
in longitude and latitude are there given for fourteen

nights between April 10 and May i, and they are followed

by the elements of the orbit, which D'Angos says he had
calculated from them.
Zach in 1S12 had suspected that the observations of

the second comet of 1784 were imaginary, and had
suggested that the orbit should be omitted from the cata-

logues, but he adds as he had only great probabilities

and mortl, not mathematical, proofs to support his view,

he did not insist upon it. To provoke an explanation,

however, he states he had enveloped " ce mystire
d'iniquitd " in a problem in vol. iii. of his Corj-cspondaiice

Astronoiniqiic, where he printed a series of positions of a
body, whicti he invited his readers to explain, and which
puzzled Olbers and Bessel who failed, like others, to dis-

cover Zach's meaning. Burckhardt also on receiving

intimation from Olbers of his having brought to light

what purported to be the observations of D'Angos, re-

marked upon the importance attaching to the circum-

stance, since it might lead to proof that they had been
fabricated.

It remains to describe in a future note or notes, the

results of Encke's investigation and of later inquiries

relative to the comet of D'Angos.

PROF. SYLVESTER ON TEACHING AND
" RESEARCHING "

IN the address of Prof. Sylvester at the Johns Hopkins
University, to which we have already referred, he

spoke as follows on the above subject :

—

Let me take this opportunity of making my profession

of faith on a subject much mooted at the present day, as

to whether the highest grade of university appointments

should be conferred with or without the condition of

teaching annexed.
I hesitate not to say that, in my opinion, the two

functions of teaching and working in science should

never be divorced. I believe that none are so well fitted

to impart knowledge (if they will but recognise as existing,

and take the necessary pains to acquire, the art of pre-
sentation) as those who are engaged in reviewing its

methods and extending its boundaries—and I am sure
that there is no stimulus so advantageous to the original
investigator as that which springs from contact with other
minds and the necessity for going afresh to the founda-
tions of his knowledge, which the work of teaching im-
poses upon him. I look forward to the courses of
lectures that I hope to deliver in succession within the
walls of this university as marking the inauguration of a
new era of productivity in my own scientific existence

;

nor need I consider any subject too low (as it is some-
times foolishly termed) for me to teach, when I remember
to have seen the minutes of the conversation held between
the delegates of the Convention, at the time of the French
Revolution, and the illustrious Lagrange, the son of the
pastry-cook of Turin, possibly the progenitor of the
Marquis Lagrange, of turf celebrity (Citoyen Lagrange,
as he is styled in the record), who, when asked what
subject he would be wiUing to profess for the benefit of
the community, answered meekly, " I will lecture on
Arithmetic."

At this moment I happen to be engaged in a research
of fascinating interest to myself, and which, if the day
only responds to the promise of its dawn, will meet, I

believe, a sympathetic response from the Professors of
our divine Algebraical art wherever scattered through the
world.

These are things called Algebraical Forms. Prof
Cayley calls them Ouantics. These are not, properly
speaking. Geometrical Forms, although capable, to some
extent, of being embodied in them, but rather schemes of
processes, or of operations for forming, for calling into

existence, as it were, algebraic quantiiies.

To every such Ouantic is associated an infinite variety
of other forms that may be regarded as engendered from
and floating, like an atmosphere, around it—but infinite in

number as are these derived existences, these emanations
from the parent form, it is found that they admit of being
obtained by composition, by mixture, so to say, of a
certain limited number of fundamental forms, standard
rays, as they might be termed in the Algebraic Spectrum
of the Quantic to which they belong. And, as it is a
leading pursuit of the Physicists of the present day to

ascertain the fixed lines in the spectrum of every chemical
substance, so it is the aim and object of a great school of
mathematicians to make out the fundamental derived
forms, the Covariants and Invariants, as they are called,

of these Ouantics.

This is the kind of investigation in which I have, for the
last month or two been immersed, and which I entertain
great hopes of bringing to a successful issue. 'Why do I

mention it here ? It is to illustrate my opinion as to the
invaluable aid of teaching to the teacher, in throwing him
back upon his own thoughts and leading him to evolve
new results from ideas that would have otherwise re-

mained passive or dormant in his mind.
But for the persistence of a student of this University

in urging upon me his desire to study with me the modern
Algebra 1 should never have been led into this investiga-

tion ; and the new facts and principles which I have dis-

covered in regard to it (important facts, I believe,) would,
so far as I am concerned, have remained still hidden in

the womb of time. In vain I represented to this inquisi-

tive student that he would do better to take up some other
subject lying less off the beaten track of study, such as
the higher parts of the Calculus or Elliptic Functions, or
the theory of Substitutions, or I wot not what besides.
He stuck with perfect respectfulness, but with invincible

pertinacity, to his point. He would have the New
Algebra (Heaven knows where he had heard about it, for

it is almost unknown in this continent), that or nothing.

I was obliged to yield, and what was the consequence .'
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In trying to throw light upon an obscure explanation in

our lexl-book, my brain took fire, I plunged with re-

qiiickcned zeal into a subject which I had for years
abandoned, and found food for thoughts which have
engaged my attention for a considerable time past, and
will probably occupy all my powers of contemplation
advantageously for several months to come.

067? INSECT FOES
A N important conference was held at the Society of

-^*- Arts on Tuesday afternoon on the subject of insects
injurious to agriculture and methods of stamping them
out. Its origin was a proposition by Mr. Andrew Murray
(who has had the arrangement of the collection of eco-
nomic entomology made by the Science and Art Depart-
ment), which he laid before the Lord President of the
Council. The proposition was printed by order of the
president, and copies were sent to the agricultural socie-
ties and chambers of agriculture of the country. After
the proposition had been before them for two months and
there was no indication of any notice being taken of it, it

was arranged that a conference of delegates of agricultural
societies should be held at the Society of Arts. The Duke
of Buccleuch, K.G., took the chair, and there were present
representatives of the Scottish, Cheshire, Warwick, Hamp-
shire, and Banbury Chambei s of Agriculture ; the Farmers'
Club, Dr. Maxwell Masters, representing the president of
the Royal Society, Prof. Voelcker (chemist to the Royal
Agricultural Society), Mr. Sewell Reed, M.P., &c. The
conference v,-as opened by a paper read by Mr. Murray.
The paper commenced by assuming as an axiom that,

besides the occasional great injury done by insects, by
which whole districts are ravaged, a continual drain is

constantly kept up by thern, which constitutes a very
perceptible percentage of deduction from the cultivators'
profits ; and, further, that where this loss can be pre-
vented at less cost than the loss it occasions, it should be
prevented.

It next maintained that, if we wish to rid a district or a
country of an injurious insect, to be effective, any attempt
to do so must be simultaneous and combined, for to what
purpose would it be if one man cleared his farm if

his neighbour did not clear his ; or if the one cleared
his one year, and the other clenred his another.' A
central authority, therefore, is needed to secure united
action.

It next considered the various ways in which the insects
injurious to agriculture might be extirpated. The first,

the simplest, the most powerful, and the most erticient of
these is county or district rotaiion of cropping. Farmers
know well enough the advantage of a rotation of cropping
(or its equivalent) on their own farms. By long-continued
growth of the s.ame crop on the same land the soil
becomes exhausted of some of the elements necessary for
the proper development of that kind of crop, and a change
of crop brings other elements into use, and relaxes the
demand upon those that have been too much drawn
upon.

Exactly the converse of this takes place with regard to
certain insects. The great majority of vegetable-feeding
insects do not feed on all kinds of plants indiscriminately

;

most of them are restricted to one kind of plant, and if by
cultivation of that plant its numbers are enormously in-
creased, so will naturally be the number of the insects
that feed upon it ; while, if we should cease to grow that
plant, the number of the insects would correspondingly
diminish. Thus, for instance, if a district is almost
entirely in pasture, there will be very few wheat-feeding
insects in it, but if it is turned into a wheat country they
will be myriads. If these numbers reach such a pitch as
to deteriorate the crops the remedy is plain. Change
the rotation, and grow some other crop instead of wheat.

Most of the wheat insects are only annuals. If they
could be banished for one year they would be banished
entirely, or until re-introduced. Now, if there were a
controlling authority, wh.at would be easier than to say to

the farmers, '' Gentlemen, in the common interest you
will substitute barley fur whe.at in your ne.Kt year's rota-
tion." The insect, deprived of its proper nidus, must then
either lay its eggs in an unsuitable place where they
will perish, or have recourse to the pasture fields for

Tritiiutit i-i-pcns, or other suitable grasses. By this, of
course, the fly would not be exterminated, but its numbers
would be so reduced as to render it comparatively harm-
less, at all events for a time, v/hen, if it again reappeared
in force, the same means of defence would be resorted to.

Nay, it might be so arranged that two or more counties
might brigade themselves together, so as to establish a
permanent see-saw by which they should play into each
other's hands. But no single man can carry out such a
rotation. He may try it upon his own fields, but they
v.-ill be replenished continually from the fields of his
neighbours, unices they at the same time are compelled
to follow the same rotation.

Mr. Murray then went over the various other meanj of
extirpation—picking and burning infected plants, the
collecting caterpillars, poisons, and .local remedies, in
relation to which he drew attention to the destruction of

what are called ticks and lice upon sheep. Everyone
knows how readily such vennin can be communicated by
contact or even proximity, and it does seem a very hard
case that a man, who has kept his flock clean by taking
proper precautions, should be liable to have them infected

by a neighbouring neglected flock, by stray sheep, or even
by sheep passing along the road. It is said that, catcris
paribus, the difference in value between a sheep that has
been kept clean for the season and one that has been
worried by vermin will be los. If that is so it is a
wonder that sheep farmers have not long since clamoured
for some supervision.

At the conclusion of the paper the following resolution
was put from the chair and carried :— " That thanks are
due to the President and Lords of the Council for having
brought the subject of insect damage under the con-
sideration of the agricultural bodies o! the kingdom."

Dr. Maxwell Masters moved the next resolution, and
in doing so said he was charged to express the regret of
the President of the Royal Society that he was unable to
be present. He spoke of the great ignorance throughout
the country on the subject of insect damage, and as an
indication of the amount of damage done, said that half
the time of the Scientific Committee of the Royal Horti-
cultural Society was occupied with answering inquiries
from all parts as to how to deal with insect foes. The
resolution he moved was,—" That much of the loss occa-
sioned by insects is preventible, and ought to be pre-
vented." This was seconded by Mr. Maclagan. and
carried.

Mr. Mechi then moved—" That it properly belongs to
Government to provide the necessary means for protecting
cultivators from this loss, as it is only by combined and
simultaneous action over considerable districts that it can
be effectually done, and Government alone possesses or
can obtain the requisite means of enforcing such action."

Both Mr. Mechi in moving it and Prof. Voelcker in
seconding it, spoke of the want of knowledge throughout
the country on the subject. Mr. Sewell Reed urged it was
not a question for government but fo;' agricultural socie-
ties. The resolution was declared carried, though many
hands were held up against it.

The last resolutioa was—"That the President and Lord.s
of the Council and the Agricultural Societies of the United
Kingdom be informed of the opinion of this Conference,
and urged to take the subject at once into their considera-
tion, with a view of providing a remedy," which, after a
long discussion, was carried.
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THE VOLCANOES OF ICELAND
TOURING the past year the Danish Government de-
'—^ spatched the well-known geologist, Prof. Johnstrup,
to Iceland, for the purpose of making a thorough scien-

tific investigation of the scene of the recent volcanic dis-

turbances. A short time since he laid before the Danish
Parliament a report of his journey, with a brief account
of the results so far obtained. The first part of the ex-

jiedition was devoted to the volcanoes in the Dyngju
Mountains, encircling the valley of Askja, and was
accompanied with many difficulties resulting from the

conformation of the region and the prevalence of violent

snow-storms. The mountains themselves are not of

volcanic origin, but consist of basalt and palagonite-
breccia. In former times the Askja Valley was evidently

much deeper than at present. Repeated flows of lava
have gradually filled it up, and these Prof. Johnstrup be-

lieves to have occurred within the historic period, although
no mention of volcanic disturbances in this district is to

be found in the annaU of ihe island. Along the outei
edge of the Dyngju Mountains are numerous craters,

some of considerable size, which have contributed most
of the lava covering the plain of Odadahrann to the ex-
tent of sixty square geographical miles. Part of this

enormous cjuantity of lava had its origin in the neigh-
bouring volcano of Trdlladyngja. It is, however, sharply
distinguished from the twisted, contorted, masses of the
former, by its more regular character and smooth cruets.

In the neighbourhood of the newly-formed craters the
earth is covered to the distance of over a mi e with the
bright yellow pumice-stone ejected during the eruption of
March 29, 1S75. Most of the pieces are seven to eight
inches in diameter ; many contained two to three cubic
feet. In places where the pumice-stone is several
feet in depth, it covers a layer of snow twenty-five

feet deep, which fell in the wmter of 1874-1875, and
has been protected from the effects of solar warmth by
the feeble conductive power of the pumice-s^one. It is

fortunate for the land that the outbreak was of this nature,

for from its lightness the pumice-stone can be easily

removed from the surface of the country. The party
examined the most northerly of the craters, which was
300 feet wide and 150 feet deep. It was filled with steam,
which was driven out with such force as to give rise to a
most deafening roar. No solid matter, however, was
borne along with the vapour. Not far from the crater an
extensive depression in the valley of Askja has taken
place, and the fresh surfaces of rock exposed thereby give

a clear picture of the peculiar formation of the valley by
successive deposits. It presents a remarkable similarity

to the basalt and dolerite formations so prevalent in the

mountain ranges of Iceland.

The most surprising feature of these late eruptions was
the ejection of such enormous masses of pumice-stone,
while not a trace of a lava stream is to be found. A similar

outbreak is not mentioned in the records of the island.

On account also of the vast development of steam, which
gave rise to the pumice-stone formation, they are without

a parallel amongst volcanic phenomena. At present the

craters are to be regarded as gigantic steam escape tubes,

the activity of which will continue for an uncertain period,

but with gradually decreasing intensity. As long as these

safety valves remain open it is not probable that a repe-

tition of the eruptions will occur in the immediate future.

The volcanoes in Myvatns Orai-fi were found to pre-

sent entirely different characteristics. This barren plain

is about tliitty-five miles long and thirteen miles wide.

Suddenly, on February 18, 1875,3 volcano appeared in

the centre. Four others appeared at subsequent dates,

all of the craters falling into a straight line north and
south. No eruptions have occurred here within historic

times. The mass of lava which issued from these various

craters is estimated at 10,000,000000 cubic feet, eighteen

times the amount supposed to have been emiited by
Vesuvius in 1794 and 1855. The lava was basaltic and
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viscous when emitted, and crystals of chloride of ammo-
nium were found in the vicinity of the craters. Only

slight traces of the volcanic action remain now, where

warm air arises from the thicker layers of lava.

Prof. Johnstrup is engaged at present in the preparation

of maps showing the successive deposits of lava from the

older eruptions, as well as from the more recent. The
Hlidar range, hitherto regarded as a palagonite formation,

was found by him to consist of trachytic masses, a more
ancient, and in Iceland rarer, formation than palagonite.

In connection with Prof Johnstrup's Report we may
refer to IVIr. Watts's interesli ig narrative of his journey

across the Vatna Jokull.i Mr. Watts's name is already

well known in connection with recent exploration in Ice-

land. He has for long had a strong desire to cross the

Vatna JokuU, and at last succeeded. We infer- for his

narrative is almost innocent of dates—that the feat took

place in the summer of 1S75. The preparations made
remind one of those necessary before setting out on an

Arctic expedition, and the whole journey bore a strong

resemblance to those sledge journeys we read of in con-

nection with the recent polar expedition. There were

sledges, tent, sleeping bag, pemmican, and similar stores
;

frost-bites, snow-storms, and weary detentions for favour-

able weather and ground. The Vatna Jokull, we learn

from Mr. Watts, is a vast accumulation of volcanoes, ice,

and snow, covering an area of over 3,000 square miles in

the south-east of Iceland. It is a plateau of from 4,000

to 6,000 feet high, is surrounded on all sides by volcanic

mountains, and gives birth to glaciers on various sides.

On the south especially it seems to be advancing, and
there the glacier may soon reach the sea and give

birth to miniature icebergs. Mr. Watts crossed at

the east side, and after suffering considerable hard-

ships he and his party reached the farm of Grimstadr,

in the north of Iceland. From here Mr. Watts returned

southwards to the northern edge of the Vatna Jokull

for the purpose of examining the Oskjigja, a huge and
active crater on the south of the Askja, or Dyngjufjall,

referred to by Prof Johnstrup. Mr. Watts gives many
interesting and important details concerning this moun-
tain and the desolate country in its vicinity, covered

with pumice dust and other products of eruption.

Mr. Watts also visited the region around the Myvatn
Lake, near which are the sulphur deposits which a

company was started to work. After visiting one or two
places on the n^,rth coast he returned to Reykjavik

right across the centre of the country. Notwithstanding

the defects of style, the want of dates, and occasional

vagueness, Mr. Watts's narrative is a really valuable

and interesting contribution to a knowledge of the

physical geography of Iceland, and he has the honour to

be the first, so far as known, to have crossed the great

Icelandic waste.

THE ANTIQUITY OF MAN
IN the number for May 24 we gave abstracts of the

papers read by Professors Dawkins and Hughes, and
Mr. Tiddeman at the Conference on the subject of the

Antiquity of Man at the Anthropological Institute, and
this week we give a report of the discussion which followed

the reading of these papers, the remarks of the various

speakers, we may state, having been revised by themselves.

Prof. Busk wished to explain, before the discussion com-
menced, the circumstances connected with the interesting frag-

ment of bone, for the determination of wfiich he was personally

responsible. This " bone of contention " was represented by the

cast which h» held in his hand. He was surprised that such a

lirge superstructure had been raised upon that particular piece.

It was merely a fragment, evidently of a fibula, one of the most
variable bones in the body. It was received by him, together

with a large collection of other remiins from Mr. Tiddeman,

> Across the Valna Jiikvill ; or, Scenes in Iceland," by William Lord
Watts. (Loudon; Longmans and Co.J

and for a long time remained an insoluble proMem. At last,

after many conjectural determinations by himself and others,

Mr. James Flower, the well-known articulator to the Royal Col-

lege of Surgeons, discovered in the College a human fibula of

unusual size, and with which, as he pointed out, the Victoria

Cave bone corresponded in many particulars. This determina-

tion, with the reasons for it, and illustrated by figures, was pub-

lished in the 7'""'«''^ of the Institute. At the same time Mr.

Busk was perfectly open to be convinced that it might be ursine.

But ahh High Prof. Boyd Dawkins had been good enough to

show him bones of fossil bears of surprising size, none of

them quite came up to the one in question. Nor at Toulouse,

where there is such an enormous collection of ursine remains,

did Mr. Busk observe any of corresponding dimensions. He
was himself still disposed to regard the specimen as a fragment

of an abnormally large human fibula, hut thought that at present

it would be unsafe to build any strong conclusions upon it.

Pro'". RoUeston stited that in digging out a British skeleton

he came upon a fibula standing vertically. They went on and
he took out every hone with his own hands and they came to a

skeleton, contrac'ed in the ordinary British way, which was whole,

minus that one fibula. A man is put into the ground with

his flesh and bones all upon him, the flesh decays, the stones

get upon him, the hones are loose and consequently the fibula

gets disturbed. Even granting that the one before ihem was a

human fibula he would lay less stress upon it than on any o'her

bone. In the Gibraltar Cave series the fibula;, owing to their

liability to displacement, were very often missing. He did not

in the least dispute the antiquity of the deposits in the Victoria

Cave. With respecl to the reindeer and the hippopotamus, they

might judge something from what they saw in the life and in

the flesh. He had seen the hippopotamus walking about in

very co'd weather in the Zoological Gardens seeming extremely

comfortable, and the rhinoceros and reindeer the same. Mr.
Evelyn, of Wotton, had kept reindeer alive for considerable

periods in England. At the time of Julius Cssar the reindeer

lived in Germany. At the present time the reindeer was the

food of the tiger in the Isle of Saghalien, North of Japan. There
the tiger, which has a black and thick fur, crosses the ice after

the reindeer. The skull of a young hippopotamus was found in

England, showing that the hippopotamus really did live here

and breed here too. Hence, mammals were not good indicators

of temperature.

Prof. Prestwich referred to the observation of the president, that

to consider the present subject thoroughly required the knowledge
of the paleontologist, the anthropologist, the archaeologist, and the

geologist. He thoi-ght that it specially concerned the geologist

with regard to the sequence of events. The palceontological

evidence hardly presented sufficient differences. We had to deal
with the sequence of man from his first appearance in time geo-

logically to the present period. He would confine himself to the

evidence in the south of England and in the north of France.

In the south of England it was particularly clear and decisive ;

the datum line was distinct. It was atforded by the deposit

of the boulder clay, which ranged as far south as London. That
represented the glicial period. The post-glacial period he con-

sidered to be subsequent to the period of the deposit of the

boulder clay. Most of the discoveries made in this country have
been made in the districts of the south which have been covered

by the boulder clay, and it is in the drift jnd gravel of the valleys

excavated in the boulder clay of those dfstricts that the flint im-
plements have been so largely found ; therefore he believed that

in all that area man is of post-glacial age. If we got two levels

on either side of a valley, so many feet above sea-level, with the

boulder clay cut off on either side, then of course the dcbi-is

at the bottom of the valley would consist of gravel, and so on,

derived from materials which had been formed by the destruction

of the several strata which originally traversed that valley. The
materials so spread out were necessarily newer than the boulder
clay ; consequently man in the valleys was post-glacial. There
were sometimes two or three successive levels of gravels in those
vallcyi. If a valley was excavated to a certain depth, and a
deposit was formed in which they could find no traces of the
existence of man, whilst at another and deeper level flint imple-
ments were found, then man was introduced in that place only
when the valley was excavated to its greatest depth and the gravel

was spread out on the site now nearly occupied by our present

rivers. Unfortunately the mammalian remains of those neatly

connected periods were so alike that it was impossible to deter-

mine from the distinction of age. Bone caves were also found on
the sides of vallejsand in distiicts where there was scarcely any

I
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boulder clay, and we were then left to the palaeontological evidence.

With regard to the possible correlation of other deposits found in

the south of England with the deposits which preceded the glacial

period in the north, there was evidence in both areas of the land

having been inhabited previous to the boulder clay period by
animals which were likely to serve as the food of man. There
was no () priori reason why man should not have existed before

that period. Much would have to depend upon that complete

paliEontologieal evidence which possibly Mr. Tiddeman might
have at some future period to bring before them rather than

upon geological position. He was disposed to consider with

Mr. Tiddeman that the cave he was now investigating might be
of pre-glacial age. He thought that the evidence rather tended

to show it was pre-glacial, but it was not conclusive. What
might be decided upon that particular point must, however,

depend upon further research. Taking again the valley of the

Thames, we found flint implements in terraces raised some
twenty, thirty, or forty feet above the present level of the river.

At Reculver we found such evidence of the existence of man
in a gravel eighty (eet high, but as we ascended the valley we
found the flint implements confined to the lower levels. At
Reading no flint implements or mammalians are found in the

high-level gravel. So also in the neighbourhood of Oxford
mammalian remains and implements are found in the low-level

pravel but none in the higher. Thus at the entrance of the

Thames valley near to France we find evidence of man in the

later high-level gravels, but man had not then penetratediinto the

Upper Thames valley. It was evident that at the period that

those higher ten aces were deposited in the upper valley of the

Thames as far down as Maidenhead, very cold conditions per-

vaded, though post-glacial to the boulder clay. In the neighboui-

hood of Oxford there have been found in this upper gravel boulders

of several tons in weight which had been carried from a very

longdistance, and he had recently observed in the neighbourhood
of Reading s ime high-level gravel resting upon an ice-pitted

surface of stiff clay in which there was no calcareous matter,

presenting that sort of section (drawing it on the black board).

A surface the size of that room was exposed. It seemed to him,

however, that with respect to pre-glacial man there was an im-

portant " suspense account " now accumulating. In Fiance an
large series of observations had been made by competent
observers, and it would not do to ignore the points they had
brought forward. He had some reason now to believe fiom his

own observations that there was evidence of man being pre-

glacial even in the north of France. He also produced one
specimen from the Red Crag which had been in his possession lor

many years. He could not answer for the labelling but only for

the locality and the condition oi the bone, but from the peculiar

way in which it had been cut and then broken it had all the

appearance of having been artificially worked, but he should
certainly only put it to a suspense account. With respect

to one observation of Prof. Dawkins, that the oldest implements
were ruder than the newer ones, he would remark that one
cause why the implements of Creswell Cave were so rude

was because they were made of quartzite, which could not be
finished in the same way as flint. At Amiens the older high-level

implements were often more finished and finer than those of the

low-level gravel.

Col. Lane Fox wished to say a few words upon a point

not yet touched upon in any of the papers which had been
read, viz , the means by which valleys had been eroded, and
the time necessary to accomplish it. The uniformitarian

theory, by which it was assumed that al! the work of exca-

va'ing valleys had been performed by means of their rivers

flowing under the same conditions as at present, had been a

good deal modified of late years, and he thought he could add
a few facts from personal observation tending to show that some
modification of the theory was necessary. With respect to the

valley of the Somme, there was evidence afforded by relics of

the Roman and bronze age found in the peat in the bottom of

the valley, that the river had not materially lowered its bed since

those relics were deposited, and theref>re it must have taken an
enormous time to work out the whole valley by means of a river

which flowed with the same eroding power as at present. The
valley of the Somme, however, was so comparatively narrow
that It was possible the whole of it might have been eroded by
such means, if sufficient time were allowed. But if it could be
shown that the sam.e conditions prevailed in other very much
larger valleys where the work to be done was much greater, that

would afford fair presumptive evidence that the eroding force

must have been greater. He could mention oi:e or two facts

which showed that the Thames like the Somme had never shifted

its bed since the bronze period. The first of these was that the

river some way below Oxford, at the village of Dorchester, made
a great bend ; the ground on one side was high, and on the

other, in the space inclosed by the bend perfectly, flat and low
;

there was an ancient intrenchment running across this low
ground from bank to bank, and converting the promontory
formed by the bend of the river into a fortress. It had been
ascertained by means of the relics, consisting of pottery, flints,

bronze implements, &c. , associated with this intrenchment, that

it was certainly as early as the bronze period, and perhaps

earlier, no relic of Roman work having been found there,

although Dorchester, close by, was a Roman station. The in-

trenchment in order to serve its purpose must have rested its

flanks on the river at the time it was made, and the fact of

their resting on the banks at the present time, although they

are only a foot or two in height, showed that the river had not

shifted or lowered its bed since the bronze age. Other evidence

giving the same results was found in the same river lower down.
Between Richmond and Battersea the Thames makes three or

four bends in the comparatively flat bottom of the valley which
is here more than four miles wide. He had found flint im-

plements of the drift type deposited in sedimentary sand and
gravel at Acton eighty feet above the present river, the dis-

covery of which was communicated by him to the Geological

Society and published in their journal. The river then since

these implements were deposited must not only have lowered

its bed eighty feet, but, according lo the uniformitarian theory,

must at each successive level have shifted its bed repeatedly so

as to work out the valley here more than four miles wide. Yet

bronze and stone implements have been found in considerable

numbers in all the various bends of the present river dredged

up from the gravel at the bottom by the dredging machines

that have been employed of late years, and proving that the

river had neither lowered nor shifted its bed since the bronze

period, but if anything it had risen since that time. Was it

possible, he would submit, that at this rate of progress, if pro-

gress it could be called, the erosion of the valley could be

attributed to the present river flowing under the same conditions

as at present ? But if, as believed by Prof. Boyd Dawkins and
Mr. Tiddeman, man existed in these parts during the subsidence

of the glacial epoch, that would account, he thought, for a much
greater flow of water having passed down these valleys in palaeo-

lithic times than was the case at present. In the valley of the

Solent the same class of evidence was obtained. Mr. Evans had
shown what a large amount of depression and erosion must have

taken place in this valley since drift implements were deposited

on the hill at Southampton. The valley of the Solent, from

Portsdown to the Isle of Wight, is nine miles wide, and we have

evidence in the Roman fortress at Porchester how little it has

changed in modern times ; yet in the centre of this valley near

Southsea common. Col. Fox had some years ago discovered

a flint station of the neolithic age, including celts, scrapers, and
flakes in great abundance, the site of which was less than ten feet

above the present high- water mark, showing that flint implements

continued to be fabricated in the valley after Imd and water had as-

samed its present distribution. All these facts, he thought, favoured

the opinion that powerful eroding forces must have been at work
before that time. The very valuable papers which had been

read treated only the geological aspects of the question, but as

the President had observed there were ethnological and socio-

logical problems to be solved, how long would it have required

for the various races of man to diverge, and the earliest traces of

culture to be evolved ? He trustel that even if no other result

came of the conference it would show that we had not yec

exhausted the subject.

Prof. A. H. Sayce had to' confess that the evidence of

language as regarded the antiquity of mm was not so decisive

as tnat of geology. Under certain conditions the vocabulary

of a language changed rapidly, under other conditions it changed

slowly. The grammar of a language may be said to change

never, and its structure to change very rarely. If these con-

clusions were applied to two or three of the principil families

of speech, the results would be something like this : Take
the Semitic class of languages ; by means of the Assyrian

monuments we are able to get back to 2000 B.C. for a starting

point, when those languages were pretty much as they are to-

day. Scarcely any of the structure, or grammar, or vocabulary

has changed, but it is plain enough that they presupposed

several earlier stages of existence, and when compared with the

grammar of the old Egyptian there was a time when the parent
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language seems to have been the parent also of the old Egyptian.

But in order to allow for the changes that had taken place

in the structure of the Semitic languages, and the struc-

ture of the Egyptian language, we must assume a very

great period of time. With regard to the Aryan family, the

different dialecs could be traced back lo the parent speech

spoken in some part of Western Asia. That parent language

could be restored by comparison with the later languages and
dialects. In all points that parent speech was as fully developed

as Sanscrit, or Greek, or Latin, the people who spoke it were

in an advanced stage of civilisation, and the language itself was
in a highly advanced condition. When the grammatical details

of the language were analysed, it became quite plain that it was

the product of a long series of successive stages of growth. Take
another language, the old language of Chaldea. The earliest

monuments tliat contained that language were between 3000 and

2000 li.c. On these monuments the language appeared in a

stage of the most utter decline and decay. Therefore there was
evidence of a language which had behind it a long and undeter-

mined past. If, as several scholars believed, that language

belonged to the Ural-Altaic famiy, in order to get back to a period

when those languages were one and the same, they must suppose

an enormous period of time. Tnere was another consideration

connected with the evidence of langu.ige. It would seem that

most languages, whatever their present structure might be, were
at one time in a condition similar to that of the Esquimaux
language at the present time, that is to say, a time when as yet

the single word is not distinguished from the sentence as an
independent unit, but forms part of the sentence in which it is

embodied. In the case of languages so highly developed as,

say, the Aryan languages, in order to get back to a time when
those languages were in a condition similar to the present con-

dition of the Esquimaux language, they must allow not hundreds
but thousands of years. Those were the conclusions to which
the present investigations of language would appear to point.

Mr. T. K. Callard, referring to the outline of the head of a

horse, drawn upon a bone represented as belonging to tlie palaeo-

lithic age, found in association with extinct animals, said they

had always been led to think that pala'olithic man was a rude

savage who could only chip his flint implement, but who could
not smooth it (that would indicate the neolithic period), but

they were now getting evidence of a different character. They
had heard of a bone needle being found in the cave-earth, which
at once suggested a step in civilisation, as men did not make
bone needles unless they intended to use them, and that would
lead their thoughts to a palreolithic tailor. In that very cave
were found traces of a no mean artist, for not one man in three

at the present time could make a sketch like that of the horse.

It struck him that that Royal Academician of the palteolithic age
had for his model a horse with his mane clipped^ which indicated

another stage of civilisation. Were they justified in saying that

because the remains of mammoth and woolly rhinoceros were
found in close proximity to the remains of man, therefore man
lived at such a remote period? He was inclined to think that

it proved not so much the antiquity of man, as that the ex-

tinct mammalia were more modern than they are supposed to
be. The works of man being found with the remains of the
extinct mammalia, tells nothing of the period of man's existence,

unless it is also proved when the mammalia referred to became
extinct ; of this there was no proof adduced, and therefore, to his

mind, the argument for man's antiquity based on the contempo-
raneity of man and the extinct mammalia has not been sustained.

Mr. Harrison said the palceolithic character of the flint imple-
ments found at Cissbury in connection with the remains of exist-

ing fauna, including goat and pig, showed that the form and
finish of prehistoric tools and weapons were not of themselves a
safe criterion of age. Though the earliest implements would
necessarily have been the rudest, the converse was by no means
true. There were doubtless art-centres in early times, as there
are now, and Cisibu'y would not appear to have been one of
them, but rather belonged to the far larger class of village manu-
factories. Some of the pits, he wished to say as the result of
personal observation, may have been opened but a short period
before our era. Their age does not directly affect the question
of the antiquity of man in this country, which depends for its

solution on geological facts.

The President, Mr. Evans, in summing up, said the ques-
tions principally discussed were—In the first place were they
to assign any implement found in this country to a pre-glacial

or inter-glacial period ? or must they restrict them to a post-

glacial period ? f- ome of the implements found in the liver

gravels were made from stones derived from glacial drift,

and were therefore clearly post-glacial. The characteristic

forms of the implements gave a guide by which they might
fairly argue that others of a similar character belonged approxi-

mately to the same date. Some implements were very per-

sistent in their type ; but if in a certain part of England post-

glacial implements were found associated with a certain fauna,

and in another part the same forms of implements were found
alone, these also would appear to be postglacial. There were
certain distinctions to be pointed out m cave-deposits. In the
cave described by Prof. Dawkins there were a succession of beds,

and he thought it was in the upper beds of more recent date that

the relics of the tailor and the artist were found. Looking at the

enormous lapse of time comprised in the palaeolithic pei iod, which
was evidenced by the amount of time requisite for the erosion

of river valleys, he thought they would eventually be able to

establish some chronology. If they could form any idea of the

amount of time requisite for the excavation of a valley such as

the valley of the Thames, they could approximately estimate the

antiquity of man in this country, but for the last 2,500 years the

variation of the river bed and its level were practically nothing,

and therefore they were entirely at a loss without falling back
on some hypothesis as to variations in the climate. It was diffi-

cult to say with certainty whether the implements discovered

abroad in reputed miocene and pliocene beds were of necessity

worked by the hand of man, and whether they had in all cases

been found under the circumstances which were attributed to

them. With regard to the other deposits by which the early

existence of man had been traced, such as the skull alluded to

by Prof. Rolleston, if it nas found with a highly- finished spear-

head, he (ihe speaker) could not regard it as of pleistocene date.

The evidence of cut bones was by no means satisfactory. Some
of those incisions were probably induced by natural cruses.

Some present might remember a pair of horns of an Irish elk

which by mere pressure were embedded in each other. Still,

all such evidence should be carefully collected, and it would
become to a certain extent accumulative. The question as to

the distinction between the glacial period in the South of

England and that of the North was of very great importance.

If geologists carried back the early appearance of man in this

country to a time but little removed from the glacial period, they

might safely infer that he must have existed in other parts of

Europe at a much earlier period.

As this interesting discussion could not well be post-

poned, and as the time at the disposal of the Conference
was necessarily brief, it now only remained for the three

principals to reply to any objections that may have been
raised to their statements and arguments.

Prof. Boyd Dawkins said that the first point to be con-

sidered was the antiquity of man in the Victoria Cave, based

upon a small fragment of fibula, and two fragments of goat's

bones which presented the appearance of having been cut.

The fibula seemed to him to be ursine rather than human, and
in size came within a very little (two-tenths of an inch) of the

circumference of one of Ur^iis spe/irus from Lozere. With
regard to the goat's bones, he shared the opinion of Mr. Davies,

of the British Museum, that they are not fossil, but recent, in

other words, he did not bel'.eve that they were originally im-

bedded in the stratum containing the remains of the hytenas, but

were derived from an upper stratum of post-Roman age in the

cave, in which they are exceedingly abundant. The goat hitherto

has not been found in any pleistocene strata in this country or m
France, all the repeated cases of its occurrence turning out on
examination to be the result of the mixing of two suites of

animal remains, the one pleistocene, and the other historic or

pre-historic. This is very generally done by the workmen, and
this was probably the case in the Victoria Cave. But if these

equivocal data be assumed to prove that man was living in this

district while hya;nas occuiitd the cave, the evidence is still

unsatisfactory as lo their pre- or post-glacial age. The hya;na

stratum itself appeared to him, while the explorations were
under his direction, not to be of clearly defined pre- or inter-

glacial age ; and his doubts as to this point were, he believed,

shared by Prof. Hughes. He further remarked that the rein-

deer found in the hytena stratum had been omitted from Mr.
Tiddeman's list of species. The rudeness of the pala;olithic im-

plements in the Cresswell caves from the lower strata as com-
pared with the more highly finished ones found above them,

seemed to him to imply a progress in the arts in that district.
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A priori, the more highly finished should succeed the ruder
implements, although of course many cases of their being mixed
together were on record. Into the other avenues of discussion

he would forbear to enter.

Prof. Hughes, in reply, said that he wished the subject had
been divided, so that they might have considered separately the

diflTerent parts of the evidence and the difiercnt sources of error

which had still to be eliminated. For instance, he thought it

would be very well if they could have an exhibition of, and dis-

cussion on, the various ways in which nature breaks, cuts, and
otherwise ni-,iks bone and stone as well as of various ruder forms
known to be the result of human agency, so as to get clearer

ideas as to what might really be taken as evidence of design. He
pointed out that the measure of the antiquity of the deposits con-
taining the remains of man depended chiefly upon the time it

would take to bring about certain geographical changes, either

assuming that surrounding conditions hacl practically remained
the sa'ne, or allowing for such differences as must have occurred,

and of which we can estimate the effect. Applying thi-', while

he agreed with Col. Lane Fox's remarks on the slow rate of

waste < f the Thames valley, he felt that we must make a very

considerable allowance far the probability that during the period

from the bronze age to our own man had interfered far more
with the free course of the river than during all previous time.

Nature might also entirely change the rate of w.iste in such a

case by a gentle upheaval or depression causing the more rapid

or slower cutting back of the stream. With regard to the exist-

ence ol depressions in nnn-calcareoui strata he thought we could

detect two ways in which they were formed. One by the forcing

out of the plastic material all round the mass of gravel or clay

thrown on it, and another when the gravel worked down into the

puddled surface of a clay, the softer portions of which oozed up
between the sinking stones. In all the cases which had come
under his observation in which such phenomena occurred above
palseolithic beds, the last appeared to be the explanation, as

also in most cases where it "as the only evidence for the more
southerly extension of glacial phenomena.

With regard to the Victoria Cave, he thought that the evidence
was as yet decidedly pgainst the pre-glacial age of any of the

deposits containing even a suspicion of man. He believed that

the deposits along the sides and in the side chambers of a lime-

stone cave weie frequently newer than those in the main cave,

as the carbonated water, being thrown off the clay, must work
the sides down. Whalev-'r miglit be the age of the boulder c'ay

on the floor at the miuth of t le cave, he believed that the thin

layer which occurred in the talu^ ha 1 lalUn out of a pipe of which
there v.iere plenty in the limestone above, and that this clayey

bank had ponded back the flood-waters and caused the accumu-
lation of mud in the talus inside and the formation of the lami-

nated clay.

Mr. Tiddeman' had thought it unnecessary on this occasion to

call attent on to geological minutia; at the cave mouth, but as Prof.

Hughes had raised the question of theageofthelioulder clay there

he was bound to follow him. Prof. Hughes said the boulder clay

fell from the cliff at a time long subsequent to the date v/hen

the bones were deposited, but in drawing his section he had
omitted a very important feature. They had to dig through
twenty feet of talus befare they came to the boulder clay, at the

back of which was the hyaena Led ; that represented a very con-

siderable lapse of time since the boulders were deposited there.

If the boulder clay fell at a subsequent period how was it that it

was at the base of all the talus and not mixed up with it. If it

fell before the talus began to form tt might practically be con-

sidered of glac al age. As regards the reindeer in the lower bed,

only one very doubiful specimen had been found since he had
had charge of the excavations- The chief matter to be considered

was whether this fauna which had been found in Europe and in

England with human handiwork, occurred at a time which could

be correlated with certain great physical events. All the facts

which he had noticed seemed to harmonise with the idea that

there had been in England two well-marked glacial periods, and
these both prior to the much lesser event of the upper boulder

clay of Lancashire. For instance, the boulders made into im-

plements which Prof. Hughes bad referred to in Pontnewydd
Cave, need not have belonged to the latest glaciation of that

country. Mr. Tiddeman would not dispute the fact of a

fibula making its way down into the e.irth, especially after Prof.

RoUeston's experience, but in the Victoria Cave it would have

^ In the abstract of Mr. Tiddeman's paper, p. 70, line 40, non-gravch
should be riicr-^ravcls ; line 44, iJu-it post-glaciat should be there posr-

great difficulty. If it were soft mud it might have a chance of
getting down, but if it were modern other modern things would
go down with it unless it had a start. [Prof Rolleston said it

was pointed at both ends] Mr. Tiddeman did not think there
was a possibility of its working its way down. There were large
blocks of stone and beds of stalagmite which had to be blasted
in getting down to it. He hoped geologists would bear in mind
as new facts cropped up, the suggestion that we had had two
glacial periods.

THE GREENWICH OBSERVATORY REPOR!
'T'HE Report of the Astronomer-Royal at the annual visitation

on Saturday containeil nothing extraordinary with respect to

the ordinary work of the Observatory. With reference to ex-
traneous work, there are one or two points worthy of notice.

First, as regards the operations for the transit of Venus, the
Astronomer- Royal reports as follows :—
The computmg staff under Capt. Tupman has by degrees been

reduced to two junior computers within the Observatory ; and
one or two computers external to the Observatory, who are em-
ployed on large groups of systematic calculations, for which
they are remunerated by t.ariff The principal part of the calcu-

lations remaining at the last report was that applying to the de-

termination of the geographical longitudes of fundamental
stations. At the moment of my writing, the last of these (the

longitude of Observatory Bay, Kerguelcn) is not ab:olutely

finished ; but I trust that it will be so before my presentation of

this report ; and then I shall be in position to offer the first

determination of correction to parallax from eye-observations of
the transit.

The method of determining the geographical longitude of the

principal station in each group by vertical transits of the moon
has been found very successful at Honolulu and Rodriguez. For
stations in high south latitude, horizontal transits are preferable ;

for Kerguelen, as I have mentioned, the work is not quite com-
pleted. (It will be remembered that the longitude of Mokattam,
the principal Egyptian station, was determined by telegraph.)

The corrections to the moon's tabular places have been deter-

mined with much care from meridional observations at the prin

cipal European observatories.

The differences of longitude, or the relations of clock-times,

within the groups of stations, are ascertained.

These calculations must be followed by the preparation of the
factors of errors of various elements. Little progress is made in

these ; the work will not be heavy.

No further advance is made in the photographic reductions.

The work is large, but it is simple, and will not be oppressive.

.Second, as regards the numerical lunar theory :
—

In the algebraical theory an alteration has been made, by the
substitution of the equation of radial f irces for the equation of
r'/.f viva. Nearly all the numbers had been com]juted, and the

additional numerical operation was small.

The numerical calculations of the factors of symbolical varia-

tions are advancing ; and the computations of the perturbing

side of the equations, with due attention to the terms requiring

extension of decimals, are in progress.

The numerical errors to which I alluded in the last report are

corrected ; and I do not think that any systematic error now
remains.

With the view of preserving, against the ordinary chances of
destruction or abandonment, a work which is already one of
considerable magnitude, I have prepared and have printed as

Appendix to the Greenwich Observations (with additional copies

as for a separate work) the ordinary equations of lunar disturb-

ance, the novel theory of symbolical variations, and the numerical
developments of the quantities on the first side of the eqaations.

The last of these will ultimately require some additions for the

terms whose magnitude is increased (in algebraical develop-

ment).
The work is perhaps somewliat larger than I anticipated, and

the regularity of its progress has been disturbed by very frequent

interruptions of my own attention, occasioned chiefly by annoying
occupations on the transit of Venus. 1 trust that it will in future

go on in a more orderly and more rapid way.
.Sir George Airy concludes his report with the following general

remarks:

—

The suiiject which, I think, must first present itself to ih.e

mind of anyone who has traced the history of the observatory is

the increase in the number and the fulness of our occtiprtions.
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Of these one in particular (altazimuth-observations of the

moon) has originated with myself; others, from the suggestions

of the Board of Visitors, or from the obvious demands of the

scientific world.

This increase is felt even in our buildings and grounds ; every

corner of every room is or will shortly be occupied ; and the

form of the ground almost forbids extension.

The prinHng of the steps of the reductions of observations

(which originated with myself more than forty years ago) natu-

rally increased the labour within the observatory, as well as the

expenses without it. This printing, however, must never be

abandoned. But there is another part, of which the policy still

appears to me somewhat doubtful, namely, the printing in extenso

of every figure of original observations, it being remarked that

the originals or extracts are always open to astronomers. I

brought the question of suppressing these before the Board of

Visitors many years ago ; but the opinions of as'ronomers (I cite

in particular the honoured name of M. Biot and that of Mr.

Johnson) were so strongly adverse to it, that I laid aside all

further thoughts of it ; and I do not even now profess to enter-

tain a decided opinion.

The three points, however, to which I have alluded (the

extent of scientific occupations, the enlargement of buildings,

and the amount of printing) must before long engage the atten-

tion of the Visitors.

RECENT RESEARCHES AMONG THE LOWER
SARCODE ORGANISMS

'T'HE customary annual address on the occasion of the anni-
' versary of the Linnean Society was, on Wednesday, the

24th May, delivered by the President, Prof. Allman, F.R. S. In

continu.ition of his last year's summary of the progress in this

department of biology, he dwelt upon the important additions to

our knowledge of these organisms, due to the investigations of

Archer in our own country and of Ilertwig and Lesser, Franz
Eilhard .Schulze, and Greeff in Germany.
The discovery of many new monothalamic Rhizopods of fresh

water and the important additions made by the British and Ger-

man investigators to our knowledge of their protoplasmic bodies

were brought in review before the meeting. These mono-
thalamic forms may be divided in accordance with the nature of

their pseudopodia ; in some these processes being short, thick,

and finger-shaped (Lobosa) ; in others long, slim, and filiform

(Fiiifera). The former were illustrated by Hyalosf'hmia, with

its smooth, transparent shell, and by Quadiiila, with beautilully

sculptured shell ; and the latter by Gromia. with its very long

filiform reticulated pseudopodia ; and by Microgromia socialis,

v/hich has the curious habit of forming colonies by the associa-

tion of numerous individuals, which become united to one
another by the mutual fusion of their pseudopodia. The remark-
able form of reproduction discovered by Hertwig in Microgromia
was also described. Hertwig had shown that in this Rhizopod
the protoplasm divides by spontaneous fission into two segments,

one of which remains in the shell, while the other forces its way
out, assumes an oval shape, develops, instead of pseudopodia,

two vibratile flagella, and becomes a free-swimming flagellate

Zoospore, capable of ultimate development into the form of the

adult. The very intert sting discovery by Haeckel, that the con-

tents of the so-called " yellow cells " of the Radiolaiia become
of a deep violet colour under the action of iodine, and are there-

fore mainly composed of starch, was also referred to among
recent additions to our knowledge of the lower organisms. An
account was then given of the remarkable and very significant

researches of Messrs. Dallinger and Drysdale among the so-

called *' Monads,"—microscopic organisms which become deve-

loped in putrifying solutions of organic matter, and which, in their

ordinary and apparently adult state swim about by the aid of vibra-

tile flagella. These laborious and trustworthy investigators have
shown that the flagellate monads may acquire an amcoboid con-

dition and move about by the aid of pseudopodia ; that two such
amceboid forms when they come in contact with one another
become instantly blended together at the point of contact, that

this blending becomes more and more intimate until the two
individuals become completely fused together, when their mingled
protoplasm assumes the form of a spherical sac filled with par-

ticles of immeasurable minuteness. These particles are germs
destined for the reproduction of the individual. Their form can
be demonstrated only by the highest powers of the microscope

;

and by following them by means of a one-fifti<.th of an inch

object glass, Messrs. Dallinger and Drysdale were enabled to

trace their gradual development into the form of the adult. They
further proved the remarkable and unexpected facr that these

minute germs may be subjected to a temperature of from 258° F.

to 300° F. w-ithout losing their vitality and power of develop-

ment, a fact of vast significance in its bearing on experimsnts

connected with the question of spontaneous generation. Finally

attention was drawn to the quite recent discovery of Hertwig

and F. E. Schulze of a nucleus in the Foraminifera. By this

discovery the true systematic position can now be assigned to

the Foraminifera, which must accordin,dy be removed from the

region of Cytodes or non-nucleated protoplasm masses (to which

they had been hitherto relegated), and placed on a much higher

stage in the great division of the Rhizopoda. Resting on these

facts F. E. Schulze has attempted to represent by the aid of a

genealogical tree the mutual affinities and derivation from one

another of the various members of the Rhizopoda. The base of

the tree where its stem is as yet undivided, consists of the primi-

tive forms—mere non-nucleated Cytodes represented by Haeckel's

Monera {Protogenes, Protanwba, &c.). From these by the dif-

ferentiation of a nucleus in their protoplasm are evolved the

nucleated forms {Amccba, fresh-water Monothalamia, Foramini-

fera, Heliozoa, &c.) which constitute the sub-divisions into which

the stem branches off. These repeat the various modifications

of pseudopodia (Lobose, Filiform, &c. ) which had already existed

in the primitive forms, and which they thus derive by inheritance

from their non-nucleated progenitors. Finally through the branch

of the Heliozoa we are conducted to the ultimate twigs formed

by the families of the Radiolaria, in which we find not only

nuclei but a "central capsule " indicating the highest grade of

differentiation attained by any member of the group.

THE NORWEGIAN DEEP-SEA EXPEDITION
THE Norwegian Deep-Sea Expedition is about to start from

Bergen on its second summer cruise in the steamer Bariii-

gen. It has just been decided by the proper authorities that the

expedition, like last year's, shall be commanded by Capt. Wille

with Lieut. Petersen as first officer. The scientific start' of the

expedition is also the same as the previous year with the exception

of the chemist, whose post is this year filled by Herr H. Tornre,

The following is the approved plan of the expedition of the

present year.

The equipment of the vessel and the determination of its

magnetic constants were to be completed by June i. In

studying the temperature in the deep sea over the banks off

the West Coast, it has become evident that accurate observations

are wanting in the Norwegian Rende. In order to obtain these

the ves.'iel will go from Bergen direct to sea, and following the

bottom of the Rende, take accurate observations there. Farther

to the north several of last year's observations may also be

verified.

The first proper field of wo'k is the Norwegian coast banks to

the north of Ramdalen. From existing observations it is

probable that the *' Havbro," where the bank sinks toward

the depths of the Polar Sea, and where the ice-cold water begins

at the bottom, lies at least twenty-five geographical miles from the

coast. Between Rrest and the point oil" Ramdalen, where the

expedition last year found a depth of about sixty fathoms with a

rocky bottom ten miles from land, it is considered probable that

there runs a more or less continuous ridge of rock.

The position and characteristics of the " Havbro " and the

supposed ridge form main points in the examination of the

banks. This goes on by forming cross-sections perpendicular to

the coast. The sections, like last year's, are to be at a distance

of twelve or thirteen geographical miles asunder. Their inner

boundary is to be the outermost line of the special hydrographical

survey. Their outer boundary is where the temperature at the

bottom of the sea is 1° C , or thereby. In each section besides

the observation of the temperature at each sounding, at least

three other series of observations are required, one at the inner

boundary, one at the " Havbro," at its inner edge, and one at

the outer limit of the section. The number of soundings will

depend on the bottom being found more or less even as the work
goes on.

In order to leave as much time as possible for work in the

depths of the Polar Sea, and at Jan Mayen and the Greenland

ice, there will be carried on, along with the survey of the banks,

the examination of the Umbellularia region to a depth of 1,000

fathoms in every third cross-section. If circumstances permit
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several other bank-sections may also be extended to tWs depth.
While working in this region it will be proper to call at Bodoe.
A series of observations of temperature made in West Fiord

with the newest deep-water thermometers will be carried out

both during the voyage northwards in June and during the

return voyage in August, in order to examine the abnormal state

of things found there in the summer of 1S75, the minimum tem-
perature being at a depth of seventy fathoms. As the zoological

surveys in West Fiord have hitherto only embraced the fauna of

the coast, the opportunity will be sought to be utilised for zoolo-

gical work in this fiord at a greater distance from land.

Magnetic absolute observations will be carried out at Rcest,

where circumstances, from Lieut. Petersen's observations in

1S75, appear favourable, and where the most projecting point is

found for comparison witli the proposed observations on the

Greenland ice.

In the course of June it is supposed, with average weather,

and with the experience gained last year, that the survey of the

barks and of the Umbellularia Region according to this plan

will have reached the latitude of Tromsce.
The expedition will in the end of June or beginning of July,

be equipped for a cruise to the westward, going first along the

line Ando?, Jan Mayen, surveying it and its neighbourhood on
both sides. Round the north-east end of Jan Mayen as a centre,

several short series of soundings are taken towards the north-east,

the north, and the north-west. For in that neighbourhood
where the outermost mountain of the Iceland volcanic region

is supposed to be, the bottom appears to sink very rapidly

towards the deep sea in the directions named.
Provided Jan Mayen can be reached, it is proposed to land on

it for the purpose of undertaking an examination of its geo-

graphy, geology, hydrography, zojlogy, botany, &c. It is also

mtended to make a survey of the sea on the west and south sides

of Jan Mayen, for there is ground f )r supposing that Jan
Mayen is connected with Iceland by a sub-oceanic ridge.

In order to examine the phenomena at the boundary between
the warm surface current from the Atlantic and the coid polar

current in the Greenland sea, the Greenland ice north-west of Jan
Mayen will be visited. When the examination of a part of the

Greenland ice is completed the course will be taken to a point

about midway between Iceland and Jan Mayen, and the cross-

section is to be examined from this point in the direction of

Ranen with the view of discovering and exploring the supposed
sub-oceanic ridge. When this cross-section is worked out to the

Norwegian Umbellularia region, previously examined, the expe-

dition will sail to Tromsce to carry on work to the northward,

if time permit.

As July is supposed to be devoted to the Jan Mayen cruise,

the fir.-t half of August will be employed in a survey of the

banks, the " Havbro," and part of the Polar Sea between Nor-
way and South Spitzbergen. The eastern limit will be the line

North Cape, Bear Island, South Cape. The latter half of

August will be devoted to the return voyage to Bergen and
dismantling. The scientific work will be carried out mainly in

the s.ame way as in 1S76. In the zoological work, along with

the use of the dredge, the trawl, and the swab, special weight

is laid on the use of nets in the intermediate depths and fishing

on the banks. On Jan Mayen the capture of birds ought to

be an object of importance, and on the Greenland ice possibly

seal and bear-hunting, &c.

In taking soundings the form and extent of the banks is to be

determined, and the way in which the bottom falls off from

these to the greatest depths of the polar sea. It is of funda-

mental importance for understanding the orography and geology

of this sea and the neighbouring land and for the distribution of

animal life, whether the bottom falls off towards the deep sea

with an even slope or in terraces and escarpments with plateaus

lying between. The position and number of the soundings is

therelore to be determined with this view.

The measurements of the temperature in the deep sea are to

be carried out to the extent necessary for a certain determination

of the isotherms in the deep water of the cross-sections. It is

also to be kept in view that the points in the cross-sections

may be used for longitudinal sections. The newest deep-sea

thermometers are to be used as frequently as possible, along with

those employed last year.

At every sounding a specimen of water is to be taken from the

bottom, and at chosen places at intermediate depths. The
specific gravity of all specimens is to be ascertained. At
every sounding, also, specimens 'of the bottom are to be taken

and preserved for future examination, which is also to be done

with the material of the bottom brought up by the dredge and
trawl.

The chemical work is to be carried on mainly as last year.

Th? specific gravity of the surface-water is to be determined
once or twice a day, and oftener at places where the state of the
curreii'sor other circumstances render it .desirable. Observa-
tions of the currents in the sea are to be carried out where cir-

cumstances make it desirable, and the weather permits.

Magnetic observations are to be carried out on board at sea,

special weight being laid on obtaining deviation observations.

Absolute determinations are to be carried out at Roest, and on
the Greenland ice, besides the determination of the ship's mag-
netic constants at Husce, and elsewhere where possible.

A geological survey is to be made of Jan Mayen, if a landing

there is possible, to the extent circumstances may permit. It

would be of great interest to carry out astronomical deter-

minations of geographical position, topographical and hydro-

graphical surveys on Jan Mayen. A determination of geo-
graphical position at Roest, in connection with the magnetic
observations, is also desirable, as the place is not connected with
the trigonometrical net.

Botanical observations and collections are to be carrried out

on Jan Mayen to the greatest possible extent.

The meteorological observations on board are to be carried

out in all essential points as in 1876. H, MoHN.

NOTES
Among those on whom honours were conferred on the occa

sion of Her Majesty's birthday, was Dr. J. D. Hooker, Presi

dent of the Royal Society and Director of the Royal Gardens,

Kew. Dr. Hooker has been made a K. C.S.I.

The twenty-sixth annual meeting of the 'American Associa-

tion for the Advancement of Science commences at Nashville on

August 29. Our own association meets at Plymouth this year

on August 15, under the presidency of Prof. Allen Thomson, of

Glasgow.

We have received the programme of an Anthropological Ex-

hibition to be held in connection with the Paris International

Exhibition of 1S78, under the superintendence of the Paris

Anthropological Society. That Society has nominated a large

Commission to organise the exhibition, with Prof de Cluatrefages

as president. M. Krantz has placed at the disposal of the Society

a spacious and fine position in the central pavilion of the

Trocadero Palace. The Commission makes a warm appeal to

all interested in the progress of the anthropological sciences, both

in France and abroad. It wishes to prepare a complete in-

ventory of the present state of these sciences. The following are

the classes under which the exhibition will be arranged :— i.

Crania and bones, mummies, and specimens relating to the com-

parative anatomy of the human races ; 2. Instruments, methods

of education ; 3. Prehistoric and ethnological collections ; 4.

Photographs, paintings and drawings, sculpture, and modelling

;

5. Geographical maps and tables relating to ethnology, prehis-

toric archaeology, linguistic, demography, medical geography,

&c. ; 6. Books, journals, brochures. In order to facilitate the

work of collection and arrangement, the Commission has ap-

pointed the following members to superintend the special depart

ments named ;—Dr. Broca, i, rue des Saints-Peres, for what

concerns Anthropological Societies ; Dr. de Ranse, 4, place St.

Michel, Anthropological Instruction ; Dr. Topinard, 97, rue

Rennes; General Anthropology and Craniology ; M. Gabriel de

Mortillet, Ch.ateau de St. Germain-en-Laye (Seine-et-Oise), Pre-

historic Archaeology and .\nthropology ; M. Girard de Rialle,

64, rue de Clichy, Ethnography of Europe; M. Abel Hove-

lacque, 35, rue de I'Universite, Linguistic Anthropology; Dr.

Dureau, 16, rue de la Tour-d'Auvergne, Bibliography ; Dr.

Bertillon, 20, rue Jlonsieur-le-Prince, Demography, or the

Statistical Study of PopuKation, and Medical Geography; M.

Louis Leguay, 3, rue de la Sainte-Chapelle, for all concerning

the gener^ management and arrangements. Each of the gentle-
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men named should be communicated with in relation to all con-

cerning his special department. The programme is a very

inviting one, and if successfully carried out the result must be

highly interesting and valuable. We hope British anthropolo-

gists will do all in their power to help the Commission to carry

out their aims.

The Maritime and Piscatorial Exhibition, which was opened

at the Aquarium on Monday, contains a large collection of

stuffed river fish—the largest collection, probably, ever brought

together. Fourteen angling clubs, and many private indi-

viduals, have sent contributions. The Prince of Wales has also

lent his collection of Indian fish obtained during his tour, and

there is also a collection from the Indian Museum. As the

exhibition includes, among other things, all subjects connected

with fishing, there is a good show of fishing-tackle, and with

them a fine set of flies. Those by Mr. Ogden Smith are quite

works of art. Messrs. Sotherati and Co. have, at considerable

trouble, made a collection of books on fish and pisciculture,

which deserves attention.

A Hungarian prelate, the Archbishop Louis of Haynald,

has constructed an astronomical observatory at his own expense

at Kalocsa, lat. 46° 31', long. 16° 32'. Among the instruments

are a Browning telescope, a small (4-inch) Merz refractor, and a

Cooke transit instrument. The arrangement of the new observa-

tory is superintended by M. de Konkoly, already known as having

built on his own property, O-Gyalla, a well-furnished observa-

tory. We may add that the Archbishop of Haynald has already

devoted considerable sums to botanical researches.

The conversazione of the Society of Arts is fixed to take place

at the South Kensington Museum, on Wednesday, June 27.

The Commission appointed by the U.S. Government to

examine Capt. Howgate's proposal for the establishment of an

exploring colony within 400 miles of the North Pole recommend
that 50,000 dollars be granted for the purpose.

At the meeting of the Zoological Society of France on June I,

M. Perier, Professor of Conchology at the Paris Museum, explained

that the number of specimens was far too large to be properly exhi-

bited in the galleries, and that consequently it had been resolved

to exhibit only specimens of each genus, and to have the types

of species arranged systematically in drawers. Each species is

to be entered in an alphabetical and systematic catalogue, so

carefully compiled that the information it contains may be got

at instantly. Any visitor wanting to inspect a particular species

will have only to make an application to the galleries for con-

chology. The work is immense, but it is supposed that in ten

years it will be completed.

The French Society of "Amisdes Sciences," instituted twelve

years ago for distributing pensions to the families of deceased

men of science or to savants themselves when incapacitated by
old age, has held its anniversary meeting under the presidency

of Prof. Berthelot. The report was read by M. Paileur. It

shows that the assets of the Society amount to 19,000/. The
sum spent in pensions was 1,200/. last year. An t%>»(? of M.
Charles Sainte Claire Deville was read by M. Fouquier, his

successor as professor at the College de France.

We have received the yearly report for 1876-7 of the new
Scientific Club of Vienna, and its perusal is well calculated to

fill a cultured Londoner of moderate means with envy. For an
entry money of five florins and a yearly contribution (payable

quarterly !) of sixteen florins all the advantages of a good London
club can be obtained combined with those of the Royal Institu-

tion. The club possesses a spacious building with lecture-halls,

reading and conversation-rooms for smokers and non-smokers,

writing-rooms, refreshment-rooms, splendid library, all the best

journals of every kind from all parts of the world. During the

greater part of the year there are scientific and other lectures,

entertainments and receptions, excursions during summer, and it

is contemplated to publish a weekly journal connected with the

affairs of the club. The members, numbering already upwards

of 500, belong to all classes of society ard to all profes>ion?,

their only bond of union being a desire for cultured intercourse.

The only institution in London at all approaching to this Vienna

club is the modest German Athenaeum.

Under the care of Dr. P. P. C. Hoek there has been pub-

lished in German a catalogue raisonne of zoological woiks and

papers that have appeared in the Netherlands during 1S75 -6.

There are in all eighty-seven titles. The title is " Die Zoologie

in den Niederlanden," and the publishers are E. J. Brill, of

Leiden, and C. F. Winter, Leipzig.

Intelligence received at New York, June i, from the

Sandwich Islands announces that simultaneously with the earth-

quake at Iquique, Peru, a tidal wave struck the group of islands

on May 10, between 4 and 5 A.M. The sea suddenly receded

and returned with great violence in a wave sixteen feet high,

which entered the harbour at Hilo, and swept away the wharves

and storehouses in the front part of the to'wn. All the houses

at Waiakin within loo yards of the shore were destroyed. Five

persons were drowned ; many were picked up in the harbour.

The earthquike undulations continued during the day, the differ-

ence between the highest and lowest water-mark varying from

three feet to thirty-six feet in various parts of the islands. Cocoa-

nut {sic, but probably Molokai) island 'was entirely submerged,

and the hospital at that place was swept away. A fresh eruption

of the Kilauea volcano commenced simultaneously with this

oceanic disturbance. The same earthquake wave was also felt

all along the Mexican Pacific Coast. Late particulars announce

that great devastation and loss of life were caused by the tidal

wave which swept the Peruvian coast. Six hundred persons are

reported to have perished.

In connection with the above the following is of interest :

—

\
Press despatch from Washington, of May 12, states that Assistant-

George Davidson telegraphs to C. P. Patterson, Superintendent

of the Coast Survey, in relation to the earthquake waves registered

in the tide-gauge at Fort Point, at the entrance of San Francisco

Harbour, to the following effect :
—" Sharp earthquake waves

commenced on Thursday, May 10, at 6.18 am., five rises and

falls of 9 in. in 80 minutes ; then nine maxima or crests 48

minutes apart, with secondary maxima, the largest of which were

15 in. ; then six sharp rises of 14 in. each to irregular broken

crests one hour apart ; then to 5 A.M. Friday, double maxima

as at the commencement, the largest rise being iS in. From

5.20 A.M. Friday, to 1. 15 P.M., irregular maxima, thena sudden

fall of l6 in., and action, continuing until 5 P.M. No well-

defined maximum of action, but exhibitions of markedly different

character. It may be stated that the earthquake wave of the

great earthquake in Japan some years ago was twenty.three

minutes in traversing the Pacific to San Francisco."

On Monday afternoon, about 330, a tornado partially

destroyed Mount Carmel, a flourishing town of 3,000 inha-

bitants on the Wabash River, South-Eastern Illinois. It struck

the town on the southern quarter and passed north, destroying

almost everything in its path. Three churches, two newspaper

offices, two schools, the Court-house, and 120 buildings were

demolished. The ruins caught fire, burning almost till midnight

before the flames were extinguished. Many persons were killed

or injured.

On the vote in Parliament last Thursday to complete the sum

of 24,569/. for the Patent Office, Dr. Playfair remarked that

while the Government derived .i revenue of iSc^QOo/. from the in-
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ventors of this country, it made them a very insignificant return.

Only about 2,00c/. was spent upon a Patent Museum. The Patent

Museum at Soutli Kensington was very inferior to the correspond-

ing institutions in France and America, and if we had such a

museum at all it ought to be a good one, and such as would

promote invention. He wished to nsk whether the Government

had bought or rented a large building for the purposes of an

efficient Patent Museum ? Mr. W. H. .Smith explained that the

space intended for the Patent Museum at South Kensington had

been taken up by the collection of scientific apparatus, but that

the Government still intended to arrange for a suitable exhi-

bition of inventions.

A NOTE has been circulated in German papers, warning parents

against the use of india-rul")ber toys manufactured in France and

sold largely on the north of the Rhine. They were said to be

poisonous owing to a certain quantity of oxide of zinc which

was mixed with vulcanised india-rubber. The French Minister

of Agriculture and Commerce ordered an inquiry to be made by

the Council for Public Health, and the result is a declaration

that these objects are quite harmless.

According to recent news received by M. Sidoroff as to the

mammoth discovered in Siberia, the carcass was found in the gold-

bearing sands of a gold-washing on the river Kundola, at a depth

of five metre.'. The flesh was very soft and of a light red colour

when freshly dug out, but soon hardened, becoming like a white

clay. It seems to be much impregnated with lime. The digging

out of the whole body will be very difficult because of the access

of water. M. Polyakoff has already lelt St. Petersburg for the

excavation of the body.

A Tashkend telegram, dated May 10, announces that the

Russian embassy, sent last spring to Kurl, has made a thorough

survey of the route it followed, together with numerous baro-

metrical measurements of heights. Capt. Kuropatkin and the

naturaHst M. Wilken, have explored the lake Bastan-nor and

the route to Karashar, twenty-seven miles east of Kutl, whilst

Lieut. Serorguroff has explored and surveyed the route from

Aksu to Karakol, following the Babel pass.

At the last meeting, May 16, of the Russian Geographical

Society, it was agreed to postpone the exploration of the Angara

river until next year, whilst the exploration of the water-parting

between the Obi and the Yenissei will be made during this sum-

mer. Besides, M. Sonimof undertakes a tour in Russia for

magnetical measurements.

We learn from the Gardeners^ Chrcn'ch that Prof. Boulger,

ihe Professor of Natural History at the Royal Agricullural Col-

lege, Cirencester, is preparing a "Flora" of Gloucestershire,

and will be glad of any information as to rare species, locali-

ties, &c.

A Committee has been formed having for its object the

I'resentation of a testimonial to Mr. F. W. Wilson, whose con-

nection with the Crystal Palace, after twenty-five years' service,

has just terminated. During the past quarter of a century Mr.

Wilson, by his genial disposition, obliging manners, and

thoroughly zealous efforts to promo'e and successfully carry out

t*:e various interesting natural history and other exhibitions held

at the Crystal Palace, has earned the respect both of his col-

leagues and the general public.

Our Paris correspondent writes : We were present at the

Alliance Electric Works to witness an experiment on the

new caolin-light, which we had seen in operation at the

Physical Society, and which was recently described in Nature.

The Ruhmkorf machine was fed by a more powerful primary

current given out by an Alliance electro-motor of three-horse

power. The bar of caolin, ignited by induction-spark, was eight

centimetres long, and fully equal to eight gas-burners. At the

same time three so-called electric candles were in operation,

each of them giving about forty gas-burners, and fully equal to

five caolin lights. Con.sequenfly not less than twenty-five lights

could be fed at once in separate parts of the same building or at

any distance. The light is admirable for its constancy and dura-

tion ; the quantity of caolin destroyed is quite insignificant—no

more than i mm. per hour ; the thickness of the caolin plate or

bar used is not more than 4 millimetres. The electric candles

are formed, as is known, by two graphite bars separated by a

caolin bar. It was proved that the agitation of the candlestick

produces no interruption of the current. Consequently a single

Alliance-work machine can feed the three lights required by the

regulations for steamers. The graphite pencils are consumed at

the rate of eight centimetres per hour, which is a difficulty ; but

it is expected that any length required may be supplied by means

of a proper clock-work. Experiments were tried on the same

day at the Palais de I'lndustrie for the purpose of illuminating

the exhibition of pictures with electric light. The ordinary

Gramme machines were set into operation. The light was found

steady, but the effect was not quite favourable anistically. It is

expected that with the .system of light division, an improvement

may be effected. The experiments were made in order to test

whether electric light may be utilised on the occasion of the

forthcoming International Exhibition.

In connection with the above we may state that the experi-

ment with Jablochkoff's electric light at the West India Docks

on Tuesday night, was not quite successful, owing to some part

of the apparatus going wrong. The experiment is, however, we
believe, to be repeated.

The destruction of agricultural and garden produce by the

systematic attacks of insects is yearly becomin g more and more

serious. The gravity of this subject has been felt of late years

not cnly by the growers of food crops themselves, but by scien-

tific men, especially entomologists, and it is therefore with satis-

faction we notice that some steps have been taken to obtain

accurate records of the habits and conditions most favourable to

the development and increase of certain well-known insects that

devastate our crops. A little pamphlet called " Notes for

Observations of Injurious Insects " has recently been issued by

Mr. T. P. Newman, of 32 Botolph Lane, E.C. In these notes

the necessity of such observations is pointed out, not only on

.scientific grounds, but also with a view to diminish the yearly

losses of food crops to the country. The " Notes " are illusti ated

with woodcuts of many well-known insect depredators as a guide

to their identity, and a ruled sheet is furnished for entering the

records and any remarks that m.iy appear desirable. These, as

well as the " Notes " themselves, are to be obtained free on

application to the printer, as above, and any information required

will be furnished by the Rev. T. A. Preston, the Green, Marl-

borough, or by Mr. E. A. Fitch, Maldon, Essex.

Mr. Oscar Bbowing, in lecturing on Friday evening last at

the Royal Institution on the history of education, drew attention

to the science of teaching being in advance of the art. He
urged that, like medicine, piedogogics should be made a science

of observation on results obtained. Teachers should inter-

change experiences on results as well as on theory.

The additions to the Zoological Society's Gardens during the

past week include a Mesopotamian Fallow Deer (Cervus mesofo-

tamkus), an African Leopard (Filis pardus), a Cheetah {Felis

jiiba'd) from South Africa, a Humboldt's Lagothrix (La^othrix

humboldti) from South America, deposited ; a Prevost's

.Squirrel {Sciunis pret'osii) from Malacca, purchased ; a Black-

backed Jackal [Cants incsomeles) from South Africa, prcser.ted

by the Earl of Guildford.
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UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Cambridge, May 30 —The Sheepshanks Astronomical

Exhibition has been adjudged to John Edward Aloysius

Steggall, scholar of Trinity College.

The twenty-second annual report of the Botanic Garden
Syndicate has been issued. It is stated that during the past year

much attention has been paid to the labelling of the arranged

trees, shrubs, and herbaceous plants in the open ground, and it

is believed that they all, or nearly .all, are correctly and legibly

named. There has not been time, without neglecting other im-

portant work, to name with similar completeness the plants

scattered in tlie belt. It is believed that very few of the plants

in the houses are without names, although a few duplicate

specimens may be in that condition. About 1,700 new labels

have been written. The culture of the plants is such as to give

satisfaction to the syndicate. About 170 species of herbaceous

plants have been raised from seed to supply the places of those

which have died. Among the presents acknowledged are packets

of seeds from the Indian Ilotanic Gardens, from Baron E. v.

Mueller, and five la'ge ferns from Australia from the last-men-

tioned gentleman.

Oxford.—At the ensuing commemoration the honorary degree

of D.C.L. will be conferred upon Mr. J. Evans, the distin-

guished antiquary ; Dr. Harold Browne, the Bishop of Win-
chester ; and Lord Coleridge. It is probable that degrees will

be conferred on certain other di»tingui;hed persons, whose
names, however, it would be premature to announce at present.

On November 23 next there will be an election to a Bracken-

bury Natural Science Scholarship at Balliol College, worth So/.

a year, tenable during residence for four years, open to all such

candidates as shall not have exceeded eight terms from matricu-

lation. Papers will hi set in (i) Mechanical Philosophy and

Physics, (2) Chemistry, (3) Physiology ; but candidates will not

be expected to offer in more th.an two of these.

Durham.—The University Mathematical Scholarship has

been awarded to Mr. F. W. Sanderson, Hatfield Hall.

The Universities Bile.—The attempt was made twice on

Monday in the House of Commons to get a clause inserted in

the Universities Bill abolishing Clerical Fellowships. As might

have been expected, the attempt failed, though in the case of

Mr. Goschen's motion by a very narrow majority—only 9.

Universities AND National Life.—The following forcible

remarks on universities and national life occur in the address of

Prof. Sylvester at the John-; Hopkins University, to which we
have already referred:—"The mention of Germany brings to

my mind the importance of universities to the maintenance or

development of a national spirit in the countries in which ihey

are fostered and cariied on with an animus free from local or

sectarian prejudices. I think that there can be little doubt that

the greatest fact in modern history, the consolidation of the Ger-

man empire, the resurrection of the German people, is mainly

to be attributed to the feeling of brotherhood and the spirit of

nationality kept alive in those ganglions of thought, those cen-

tres of intellectual activity, the German universities. It is the

university professors who have made German unity a possibility,

and I cannot but deplore the unpatriotic short-sightedness of

those in my own counti'y who, until so late a period, have

struggled, and still covertly struggle, to make our universities in

England not the representatives of the universal English mind,

but the monopoly of a party and the appanage of a sect."

SCIENTIFIC SERIALS
Americati Journal of Science and Arts, May.—On vortex

rings in liquids, by J. Trowbridge.—An account of the dis-

coveries in Vermont Geology of the Rev. Augustus Wnig, by

J. 1). Dana.—Notes on the history of Helia-nthns tiihnosus, the

so-called Jerusalem artichoke, by J. H. Trumbuil and AsaGr.iy.

—A new investigation of one of the laws of friction, by A. S.

Kimball.—Examination of American columbic acid minerals, by

J. Lawrence Smith.—On the sensitiveness to light of various salts

of silver, by M. Carey Lea.

Poggcndorff's Annalen dcr Physik iind C/icviie, No. 3.—On
the cohesion of salt solutions, by G. Quincke.—On the theory of

stationary electric flow in curved surfaces, by A. Topler.—On
normal magnetisation, by M. Petruscheffsky.—On the tempe-

rature in the conducting wire of a galvanic current, by M.
Streintz.—Remarks on a statement of E. Kohlrausch on thermo-
electricity, by M. Clausius.—On the galvanic resistance of haloid
compounds, by M. Lenz.—On the dynamical significance of the
quantities occurring in the mechanical theory of heat, by M.
Szily.—On a paradox of the mechanical theoiy of heat, by M.
Ritter.—Researches on the movements of radiating and irradi-

ated bodies (concluded), by M. Zollner.—On the connection
between absorption and dispersion, by M. Ketteler.—On the
neutral combs of the Holtz machine, by M. Riess.—Galvanic
dipping battery for elements with two liquids, by M. Hertz.

Ixciilc htitiito Lomliardo di Scienze e Leitcre. Rendiconti,
vol. X. fasc. iv. V. vi.— Observations on Borrelly's comet, by M.
Schiaparelli.— Ditto by P. Secchi.—On a singular congenital an!
lipomatous ])igmentary alteration, by M. Scarenzio.—Contribu-
tion to the study of Addison's disease, by M. Valsiiani.—New
barometric formula for the measurement of altitude?, and the
reduction of barometric heights to the sea-level, by M. Grassi.

—

General method of obtaining diagrams of the motion of a point,

by M. Padelletti.—On algebraic differential equations of the first

order and first degree, by M. Pincherle.—On some questions of
electrostatics, by M. Beltrami.—On some unpublished letters

from Lagrange to Euler, by M. Schiaparelli.—Origin and
anatomy of intestinal diverticula, and their application in prac-
tical surgery, by M. Sangalli.—On a new species of Dochmius
{Dochmius hahami), by MM. Parona and Gras-i.

SOCIETIES AND ACADEMIES
London

Royal Society, May 31.
—"On the Amplitude of Sound-

Waves," by Lord Rayleigh, M.A., F.R.S.
Scarcely any attempts have been made, so far as I am aware,

to measure the actual amplitude of sound-bearing waves, and
indeed the problem is one of considerable difficulty. Even if the
measurement could be effected, the result would have reference

only to the w.Tves actually experimented upon, and would be of
no great value in the absence of some means of defining the in-

tensity of the corresponding sound. It is bad policy, however,
to despise quantiiative estimates because they are rough, and in

the present case it is lor many reasons desirable to have a general
idea of the magnitudes of the quantities with which we have to

deal. Now it is evident that a superior limit to the amplitude of

waves giving an audible sound may be arrived at from a know-
ledge of the energy which must be expended in a given time in

order to generate them, and of the extent of surface over which
the waves so generated are spread at the time of hearing. An
estimate founded on these data will necessarily be too high, both
because sound-waves must sufTer some dissipation in their pro-

gress, and also because a part, and in some cases a large part,

of the energy expended never takes the form of sound-waves at

all.

The tnuice of sound in my experiment was a whistle, mounted
on a Wolf's bottle, in connection with which was a syphon
manometer, for the purpose of measuring the pressure of wind.
This apparatus was blown from the lungs through an india-

rubber tube, and with a little practice there was no difficulty in

maintaining a sufiiciently constant blast of the requisite duration.

The most suitable pressure was determined by preliminary trials,

and was measured by a column of water 9', centimetres high.

The first point to be determined was the distance from the

source to which the sound remained clearly audible. The experi-

ment was tried in the middle of a fine still winter's day, and it

was a.scertained that the whistle was heard without effort at a
distance of S20 metres. In order to gaard against any effect of

wind, the precaution was taken of repeating the observation with

the direction of propagation reversed, but without any difference

being observable.

Tlie only remaining datum necessary for the calculation is the

quantity of air which passes through the whistle in a given time.

This was dttermined by a laboraiory experiment. The india-

rubber tube was put into connection wit'i the interior of a rather

large bell-glass open at the bottom, and this was pressed gradually

down into a large vessel of water in such a manner that the

manometer indicated a steady pressure of 9;. centimetres. The
capacity of the bell-glass was 5,200 cubic centimetres, and it

was found that the supply of air was sufficient to last 26.^ seconds
of time. The consumption of air was therefore 196 cubic centi-

metres per second.
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In working out the result it will be most convenient to use

consistently the C. G. S. system. On this system of measure-

ment the pressure employed was gl x 9S1 degrees per square

centimetre, and therefore the work expended per second in gene-

rating the waves was 196 X 9i X 9S1 ergs. Now the mechanical

value of a series of progressive waves is the same as the kinetic

energy of the whole mass of air concerned, supposed lo be

moving with the maximum velocity of vibiation (;•) ; so that, if

S denotes the area of the wave-front considered, a be the velocity

of sound, and p be ihe density of air, the mechanical vahie of

the waves passing in a unit of time is expressed by :; S . .7 . p .
1"-,

in which llie numerical value of a is about 34,100, and that of p

about '0013. In the present application S is the area of the

surface of a liemisphere, whose radius is 82,000 centimetres ; and

thus, if the whole energy of the escaping air were converted

into sound, and there were no dissipation on the way, the value

oiv at the distance of 82,000 centimetres would be given liy the

equation

—

,, _ 2X 196X 94X981

whence
27r(,82000)- X 34100 X 0013

: '0014 centimetres per second.

This result does not require a knowledge of the pitch of the

sound. If the period be t, the relation between the maximum
excursion .v and the maximum velocity v is

In the present case the note of the whistle was J '", with a fre-

quency of about 2730. Hence

2x X 2730

or the amplitude of the aerial particles was less than a ten

millionth of a centimetre.

I am inclined to think that on a still night a sound of this

pitch, whose amplitude is only a hundred millionth of a centi-

metre, would still be audible.

Linnean Society, May 24.—Annual General Meeting.

—

Prof. AUman, P". R.S., president, in the chair.—The Senior

Secretary (Mr. Currey) read his report, among other items,

mentioning that twelve fellows and five foreign members had

died enuring the past year. On the other hand forty-three

lellosis, three foreign members, and one associate had been

elected. Of active scientific workers that had passed away, J.

Scotc Bowerbank, Edward Newman, and Alfred Smee crllcd

for special mention ; the labours of the first named, in a pte-

viou>ly little-worked department, the sponges, marking an epoch

in British natural history. A passing tribute was due to the

memory of the foreign members that had died during the year,

for von Baer, Braun, De Notaris, Ehrenberg, and Hofmeister

in their several departments worthily represented biological

science in its broad aspects.—Mr. Gwyn Jeffreys, tieasurer, in

his financial statement, showed an increased balance in favour of

the Society, and this, notwithstanding extra outlay in valuable

additions to the library, improvements in the Society's scientilic

publications, &c. The demise of the late Charles Lamheit,

F.L.S., had brouaht the handsome bequest of 500/. to the funds

of the Society.—The president and officers were re-elected and

tlie following gentlemen, viz., Lieut.-Col. Grant, C.B. , W.
Carruthers, R. Hudson, Dr. J. Millar, and Dr. R. C. A. Prior

were elected into council in lieu of the subjoined, wlio retired

by rotation :—G. Bentham, Gen. Scott, C.B., R. B. Sharpe,

H. T. Slaiuton, and C. Stewart. We elsewhere give an abstract

of the presidential address, devoted to a resttiiie on "Recent
Researches among the Lower Sarcode Organisms," a subject of

daily increasing interest.

Meteorological Society, May 16.—Mr. II. S. Eaton, M.A.,
president, in the chair.— Messrs. Stephen Bietton, J. Gulson
Burge s, David Milne Home, and F. Gartside Tippinge were
elected fellows of the Society.—The following papers were

read :— .\n improved form of mercurial barometer, by Mr. R. K.

Power, F.M.S. The improvement consists in the use of a

double column of mercury, so that in the event of a vacuum
being formed by the escape of some mercury into the ci:>tern, the

shock is no longer felt by the tube but in the first place is re-

ceived by the mercary alone and then reflected much diminished

into the cistern, where it is modified by the presence of the

atmosphere. At the same lime, owing to the peculiar construc-

tion of the cistern, the probability of any mercury leaving the

tubes is much less than in the case of the standard barometers at

present in use. It is also lielieved that the employment of the

double tube will do away with the necessity of boiling the mer-

cury.—The relation between the upper and under currents of the

atrnosphere around areas of barometric depresnon, by the Rev.

W. Clement Ley, F.M.S. This paper gives a description of the

mean directions of the movements of cirrus clouds over the dif-

ferent segments of areas of depression. The subject is treated

on its observational side, as it is not yet considered ripe for much
theoretical discussion, but one or two points seem likely to throw

some light on iho theory of the nioveaients of the atmosphere.

The direction of the upper currents round a depression is found

to be most intimately related to the direction in which the de-

pression itself is progressing. In the re.ir of a depression where

the mean direction of the surface winds is nearly parallel to the

isobars, or at right angles to the radius, the cirrus current almost

coincides with the surface wind, except near the central calm.

In the front of the depression on the other hand, where there is

the greatest indraught near the earth's surface, the upper currents

flow greatly away from the centre. The current in the rear of

a depression has therefore the greatest, and that in the front the

least vertical depth. The majority of our depressions travel

towards some point between N. and E., and so far as the

author has been able to calculate, the mean height of our south-

easterly winds is not half that of our north-westerly winds, even

supposing the latter to extend no h'gher than the stratum of

cirrus. The angle of deviation increases with the increase of

friction ; and it is possible, therefore, that the great incurvation

of the surface winds in the front of a depression is closely related

to the greater amount of friction which they encounter, for they

are comparatively shallow currents, and experience resistance

above as well as at their base. The contrast between the upper

currents on the right and those on the left of the trajectory is

quite as remarkable as that between the upper currents in the

front and in the rear, and it is very constant and well-marked in

its general character. As regards the centre, the upper-current,

when traceable over this district, commonly coincides, or very

nearly, with the wind previously felt at the earth's surface.

—

Contributions to the meteorology of the Pacific—the Island of

Rapa, by Robert H. Scott, F.R.S. Rapa is a small island,

eighteen miles in circumference, in the South Pacific, in latitude

27° S. and longitude 144° W. The observations were made by
Capt. D. E. Mackellar, on board the depot ship Medas, during

the period extending from 1867, December 15, to 1869, May 27.

The climate appears to be an equable one.

Physical Society, May 2fi.— Prof G. C. Foster, president,

in the chair.—The. following were elected members of the So-
ciety :—Lieut-Cob A. C. Campbell, Dr. H. Debris, F.R.S.,
Mr. W. T. Thiselton Dyer, M.A., B.Sc, \V. Jack, M.A., and
Capt. Sale, R.E.— Lieut. -Colonel Campbell explained and exhi-

bited a double slit which he has employed for measuring the

distances between the lines in the spectrum and finds of great

service in cases where the illumination is so slight as to preclude
the possibility of using the ordinary miciometer. One slit

remaining stationary the other can be moved at rght angles to

its direction by means of a veiy delicate micrometer screw of
200 threads to the inch, the graduated head of which is capable
of distinctly indicating one-five-niillionth of an inch in the mo-
tion of the slit. If now a reading of the micrometer be taken
when tire slits are superposed and form one continuous slit, and
a second reading when any given line has been superposed upon
any other line at a moderate distance from ir, the difference be-

ti^een these readings will enable us at once to ascertain the dis-

tance between the lines if the micrometer be calibrated in leims
of the spectrum as seen in the observing telescope. The author
has made several measurements with this apparatus, .and finds it

to be capable of extreme accuracy, but it is of course essential

that the movable slit remains within a moderate distance of the
axis of the collimator. He then described a simple arrange-
ment for automatically fixing a prism, when placed on the table

of a goniometer at the angle of minimum deviation when dif-

ferent coloured rays are under examination. To the arms which
support the telescopes of the goniometer are attached two short

links of equal lengths connected at their extremities with a

nut sliding freely on an arm wh'ch is fixed radially to the

centre table of the instrument. The prism is held on this

table with its base at right angles to this arm, and it thus

remains adjusted for all the rays of the spectrum.—Mr. O. J.
Lodge then read two papers by Profs. Ayiton and Perry, jointly,
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of the Imperial College of Engineering, Japan. The first con-

tains an account of an elaborate series of experiments on ice as

an electrolyte. They state as a result of their experiments that

the capacity per cub. cent, of ice at - I3°'5 C. is o 002 micro-firad,

and the specific inductive capacity is 22,160 (that of air being

called unity), while that of water at 8°7 C. is about 2,240 times

this amount. Commencing' with ice at— I3°'6 C the temperature

was allowed to rise and the conductivity determined by galva-

nometer readings. From these a very regular curve was deduced
which shows that the conductivity increases regularly, and that

there is no sudden rise in passing from tlie solid to the liquid state.

The apparatus was also employed for determining the electro-

motive force of polarisation currents at different temperatures

by replacing the copper by a zinc disc.—Tlie second communi-
cation contained suggestions for experiments on the viscosity of

water and other liquids. It is accompanied by working drawings

of an apparatus which the authors have designed for determining

the relation bttiveen the viscosity ol a liquid and the velocity of a

surface moving in contact with it. They have, however, no faci-

lities for making such an apparatus, and therefore place it at the

service of any one who may be willing to study the subject.

Victoria Institute, June 4.—At the Annual Meeting of this

Institute, the address was delivered by Mr. J. E. Howard,
F. R.S.—Capt. F. Petrie (the honorary secretary) read the

eleventh annual report ; 107 members and associates had
joined during the year, and the total number had risen to over

700, two-thirds of whom were country and foreign members.

Institution of Civil Engineers, May 29.—Mr. George

Robert .Stephenson, president, in the chair.—A paper was read

on an economical method of manufacturing charcoal for gun-

powder, by Mr. George Haycraft, F.C.S.

Paris

Academy of Sciences, May 28, M. Peligot in the chair.^

Some remarks were made on M. Roudaire's Algerian scheme.

M. de Le^scps thought it practicable and useful ; M. d'Abbadie

desired thit study might be given for a whole year to the quan-

tity of evaporation and the tc-gime of the winds in that region,

&c.—The following papers were read :—Reply to M. Tacchini's

note inserted in last CompttS Rendiis, by M. Janssen. While
accepting M. Tacchini's figtires in comparison of maximum and

minimum years, he yet holds that the numerous and rapid

appearance and disappearance of spots witnessed during the past

year indicates very violent movetnents of matter.—On Gay
Luisac's law of volumes, reply to M. Saint Claire Deville, by
M. Wurtz. The system of chemical equivalents which prevailed

about 1840 over the atotnic notation of Berzelius, has not taken

accoitnt of Gay Lussac's discoveries on the combinations uf gases,

and the maintenance of the principle of equivalence in chemical

notation would bring science back to the times of Dalton, VVol-

laston, and Richter, which wojld be an anachronism. — Reply

to M. Wurtz's note on the law of Avogadro and the atomic

theory, by M. Berthelot.—Experimental critique on the glyco-

genetic lunction of the liver, by M. CI. Bernard. He
proves the (unction directly during life, laying bare the liver in

a dog, cutting off a piece of it, which is then put into boiling

water. The tissue contains a propoition of sugar varying from

I to 3 per 1,000. The influence of vivisection does not cause

variation in the quantity, unless the circulatory and respiratoiy

functions are greatly disturbed. M. Bernard also demonstrates

that the saccharine matter continues to be formed in the liver

after death.—Observations on the woik presented to the Academy
by M. Villarceau, entitled the " Nouvelle Navigation," by M.
Mouchez. He objects to the title ; and the analytic method
proposed (applicalion of Taylor's series in place of the old

formula) though good in theory, is found impracticable. Tlie

graphic method is nearly the same, according to M. Mouchez, as

he has himscli" long practised aird recommended. Lastly there

is but rare need to use M. Viilarceau's new process for deter-

mining the most probable point.— On an algebraic method for

obtaining the ensemble of the fundamental invariants and co-

variants of a binary form, and of any combination of

binary forms (continued), by Prof Sylvester.—Description of

new raananivres executed with the economising apparatus at

the dam of Aubois, by M. de Caligny.—Experiments made in

order to appreciate the diffusion of the vapours of sulphide of

carbon introduced into the ground as an insecticide, by M.
Gastine. In permeable soil the diffusion reached a maximum
radius of about I metre about the hole of injection (which received

20 grammes of the sulphide). The vapours persisted at 30 cm.

distance from March l to 5, or about 100 hours ; nearer the
hole, 150 hours. In clayey soil the diffusion was as extensive,

and the persintence was about twenty-four hours more.— Histori-

cal remarks on the theory of movement of one or several bodies

of constant or variable forms, in an incompressible fluid ; on
the apparent resultant forces and on the experiments relating

thereto, by M. Bjerknes.—On Gauss's formula of quadrature, by
M. Callandreau.—Thermal researches on the substituted anilines,

by M. Longuinine.—Electrolysis of ordinary pyrotartaric acid, by
MM. Reboul and Bourgoin. This acid is very stable ; it is elec-

trolysed like mineral acids, and is in this respect quite unlike
succinic acid, which is decomposed easily.—Researches on the syn-

thesis of acids of the series C„H5„_202and C„H„„-402 ; allylic

and diallylacetic acids, by M. Reboul. —On the decomposition of

carbonic at:id in the solar spectrum by the green parts of plants,

by M. Timiriaieff. A spectrum was formed with a bisulphide of

carbon prism and a trough containing chlorophyll solution was put
in the path of the rays. Next were interposed in a row five vessels

inverted over mercury, each containing air with about 5 per cent,

carbonic acid, and these vessels received green organs of plants

(pieces cut from a bamboo leaf). The vessels, being in diflerent

parts of the spectrum, were left there six to ten hours on fine

days in July, and the gas was afterwards analysed. The maxi-
mum of decomposition of CO„ was always found in the vessel

corresponding to the position of the characteristic absorption

band of chlorophyll ; in orange, yellow, and green, the amount
of decomposition showed successive decrease, and in red there

was even production of CO^ through respiration.—On the

nature and signification of tne small red corpuscles of the

blood, by M. Hayem. He concludes that they are young
corpuscles incompletely developed.—On the changes of volume,
and the delivery of the heart, by M. Franijjis-Franck. His
method was to connect the cavity of the pericardium (in

live dogs) with one of Marey's registering apparatuses. The
heart increasing in volume in diastole drove a certain quantity

of air into the tambour, while the contraction in systole permitted
return of this air.—On the histological alterations of the uterus in

their relations to the principal diseases of this organ, by M.
Courty.—Statistical Researches on the Sologne, especially with
regard to recruiting and movement of the population, by M.
Coste.—On a process for recognising the presence of fuchsine in

wine.-, by M. Baudrimont. A drop of fuchsinated wine left a
few seconds on the skin of the hand, produces a mark which
cannot be washed out with water.

GOTTINGEN
Royal Academy of Sciences, January 31.—Report on the

Botanical Institute of Gbttingen University for 1876.

February 21.—A contribution to the theory of reflection-

phenomena, by M. Rethy.
March 21. Separation of arsenic from nickel and cobalt.

April 4.—On the electric conductivity of aqueous solutions,

especially of salts of the alkalies and alkaline earths, caustic

alkalies, and some acids, by M. Kohlrausch.
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THE ENDOWMENT OF RESEARCH

WE are authorised to publish the accompanying list

of the sums to be paid by the Government, on the

recommendation of the Royal Society, during the present

year in aid of Scientific Research.

We might well leave the list to speak for itself, but it

would be ungrateful not to point out that the Duke of

Richmond arid Lord Sandon have by their action, beyond
all doubt, inaugurated a new era in the scientific activity

of our country, and one which is sure to be fostered by
corporate bodies'and individuals now that the Govern-

ment has set so noteworthy an example.

Personal Payments.

Mr. J. A. Broun.—For Correction of the Errors in the

published Observations of the Colonial Magnetic Obser-
vatories . . . . . .150/.

Dr. Joule.—For Experimental Investigations into the

Mechanical Equivalent of Heat . . . 200/.

Prof. Parker.— For Assistance in Researches on the
Morphology of the Vertebrate Skeleton and the Relations
of the Nervous to the Skeletal Structure, chiefly in the

Head....... 300/.

Rev. W. H. Dallinger.—For Microscopic Investigations

of Monads, Bacteria, and other Low Forms of Life 100/.

Rev. F. J. Blake.—For compiling and publishing a
" Synopsis of the British Fossil Cephalopoda" . 100/.

Prof. A. H. Garrod.—For Aid in preparing for Publi-

cation an Exhaustive Treatise on the Anatomy of

Birds . . ... . . 100/.

Dr. Murie.— For completing and publishing thiee Me-
moirs :

—" Anatomy of the Kingfisher," 4to., with five

plates ; on " Extinct Sirenia," 410., with six plates ;
" Os-

teology of the Birds of Paradise," folio, three plates 150/.

Mr. H. Woodward.—For Continuation of Work on the

Fossil Crustacea, especially with reference to the Trilo-

bita and other Extinct Forms, and their Publication in the
Volumes of the Pateontographical Society

.

. 100/.

Prof. Schorlemmer.—For Continuation ofResearches into

(i) the Normal Paraffins, (2) Suberone, (3) Aurin . 200/.

Dr. H. E. Armstrong.—For Continuation of Researches
into the Phenol Series, and into the Effect of Nitric Acid
on Metals ...... 300/.

Profs. King and Rowney.—For Researches to Deter-
mine the Structural, Chemical, and Mineraloiical Cha-
racters of a Certain Group of Crystalline Rocks represented

by Ophite ...... 60/.

Mr. W. J. Harrison.— Towards the Expense of collecting

and describing Specimens of the Rocks of Charnwood
Forest ...... 50/.

Non-Personal Payments.

In aid of Apparatus, Materials, and Assistance.

Dr. J. Kerr.—For aid in Electro-Optic and Magneto-
Optic Researches ..... 200/.

Mr. J. E. H. Gordon.—For Experimental Measure-
ments of the Specific Inductive Capacity of Dielectrics 50/.

Prof. Guthrie.— For Apparatus and Assistance in (i) the

Determination of the Latent Heats of the Cryohydrates

and the Vapour Tensions of Colloids ; and (2) the Exa-
mination of Heat Spectra and Radiant Heat by means of

varymg Electrical Resistance in Thin Wires . 150/.

Mr. J. T. Bottomley.—To aid in carrying out a Series

of E.xperiments for determining the Conductivity for Heat
of Various Liquids and Solutions of Salts . . 100/.

Sir William Thomson.—For Assistance and Materials

Vol, .XVI.—No, 398

for a Continuation of Experiments on the Effects of Stress
in Magnetism ..... 100/.

Mr. W. Crookes.—For Assistance in continuing his
Researches connected with " Repulsion resulting from
Radiation " . . . . . . 300/.

Messrs. Ri.ickerand Thorpe.—For a Comparison of the
Air and Mercurial Thermometers . . . 50/.

Mr. F. D. Brown.—For an Investigation of the Phy-
sical Properties, the Specific Gravity, Expansion by Heat,
and Vapour Tension, of the Homologous and Isomeric
Liquids of the CnH2n -f I Series . . . 100/.

Prof Roscoe.—For Continuation and Extension of the
Experiments on the Self-registering Method of measuring
the Chemical Action of Light . . . looZ

Sir William Thomson.—For Investigation and Analysis
of Tidal Observations and Periodic Changes of Sea
Level ...... 200/.

Dr. J. B. Balfour.— For the Expense of Illustrations for

a " Monograph of the Pandanaceje" . . 50/.

Mr. H. T. Stainton.—For Aid in publishing the" Zoolo-
logical Record " . . . . . 100/.

Dr. J. G. M'Kendrick.—For Apparatus for a Research
into the Respiration of Fishes . . .75/.

Prof. Gamgee.— For a more Complete Survey than has
yet been made of the Physiological Action of the Chemi-
cal Elements and their more Simple Compounds, with the
Object, in the first instance, of establishing a Physio-
logical Classification of the Elementary Bodies . 50/.

Dr. Brunton.—For Researches into the Physiological
Action of the most important Compounds of Nitrogen,
and into the Action of certain Poisons, and for Appa-
ratus....... 80/.

Mr. E. A. Schafer.—To pay the Wages of an Assistant
to give Mechanical Aid in Histological and Embryological
Research ...... 50/.

Dr. Burdon Sanderson.—For an Investigation of the
Normal Relation between the Activity of the Heat-pro-
ducing Processes, and the Temperature of the Body 70/.

Prof. Schorlemmer,—For continuation ofResearches into

(l) the Normal Paraffins, (2) Suberone, (3) Aurin . 100/.

Mr. W. N. Hartley. —For Researches into the Photo-
graphic Spectra of Organic Substances, into the Phos-
phates of Cerium, the Conditions under which Liquid
Carbonic Acid is found in Rocks and Minerals, the
Double Salts of Cobalt and Nickel, and for other Investi-

gations, and for Assistance.... 100/.

Dr. Burghardt.—For a Research into the Origin of the
Ores of Copper and (if possible) of Lead, their Mode of
Formation, and the Chemical connection (if any) between
the Ore and its Matrix . ... 50/.

Prof. Church.—For a Research into the colouring

matters of Colein, of Red Beet, and for the Study of
Plant Chemistry ..... 50/.

THE "CHALLENGER" COLLECTIONS

THE preliminary steps have been taken for the com-
pletion of the great work of the Challenger, and the

vast collections made during the voyage are now being

distributed among experienced workers for determination

and description.

The director of the scientific staff has been at great

pains in endeavouring to secure the services of men most

competent for the task, and we are sorry to see that some of

our English naturalists, and notably the president of the

Geological Society, have thought it necessary to remon-

strate against the course which the director has taken in

the selection of the men to whom he is about to entrust the

examination of the collections. We have already had occa-

sion to refer to what we felt obliged to characterise as an

unwarranted attack on Sir Wyville Thomson, and it is
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with much regret that we observe an attitude of hostility

to the mode of distribution which has been deemed most

conducive to the reputation of the expedition and to the

interests of science.

It would seem that while almost'all the great zoological

groups which the Challenger's dredges have brought to

light have been handed over for examination to naturalists

in this country, a few have been placed in the hands of

American and German workers ; and it is this association

of foreign zoologists with the men to whom in this country

by far the largest portion of the work has been assigned that

has excited the indignation of the individuals referred to.

Now every one who has kept himself en rapport with

recent zoological research, must know that the foreign

zoologists, to whom Sir C. Wyville Thomson has in-

trusted these collections, stand before all others in the

amount and thoroughness of their work in the special

departments of zoology for which their aid is asked, and

the narrowest nationalism cannot deny that it was the

duty of the director to see that the specimens were placed

in the hands of men most competent to secure for science

the results which have been obtained at the cost of so

much labour, skill, and public expenditure.

If this country can be shown to enjoy the unique dis-

tinction of possessing in every department of zoological

research men at least as good as can be met with else-

where, the advocates of a national science may find an
argument in favour of having the work absolutely con-

fined to Englishmen ; but if we cannot assume a position

which no other nation in the world would think of claim-

ing, it is plainly for the interests of science that we should

supplement from abroad those departments of research in

which foreign workers may excel us.

That the naturalists to whom we have referred will not

receive much support from their fellow-workers will be
evident from the subjoined letter to the Editors of the

Annals now in process of signature, which has already

received the adhesion of the presidents and secretaries of

the Royal, Linnean, and Zoological Societies, and of

other leading men in this department of knowledge :

—

'^ Zoohgy of the ' Challenger' Expedition.

"As in a letter upon this subject in the number of the Annals
ofNatural History for May last Dr. P. Martin Duncan, writing
as president of the Geological Society, has stated that he speaks
'at the instance of a very considerable number of members
of learned societies,' we, the undersigned, wish to state

that we do not agree in the strictures passed by Dr. Dancan
upon the manner in which Sir C. Wyville Thomson has distri-

buted the specimens collected by the Challenger Expedition for

description. So far as we have had an opportunity of judging
we are perfectly satisfied that Sir C. Wyville Thomson, in the
arrangements which he has made as regards these collections, has
acted consistently with the best interest of science.

" It was, in our opinion, Sir C. Wyville Thomson's duty to

secure the aid of the most competent naturalists without regard
to their nationality ; and, even if it were proper that national
jealousies should be imported into science, Sir C. Wyville
Thomson can hardly be reproached on this score, when it is

considered that two-thirds at least of the naturalists whose aid
he has obtained are Englishmen.

"
J. D. Hooker. W. H. Flower.
T. H. HU.XLEY. P. L. SCLATER.
Charles Darwin. Osbert Salvin.
St. George Mivart. A. H. Garrod.
Francis Day. Geo. A. Allman.
Geo. Busk. Twekddale."
William B. Carpenter.

It is of importance that no misunderstanding should

exist as to the real state of the controversy which has

arisen on a subject in which zoological science is so

deeply interested, and we believe we cannot do better

than lay before our readers the correspondence which

had taken place between Sir Wyville Thomson and Dr.

P. Martin Duncan before a word of hostile criticism had
as yet shown itself in print.

" Scientific Club, Savile Row, London, W.
" 24th March, 1877

" My Dear Sir Wyville Thomson,
"You can hardly imagine the strong feeling of disappoint-

ment which has arisen amongst a very large section of the
naturalists and paleontologists who study the invertebrates, in

consequence of a letter which was published in the Ann. and
Mag. of Nat. Hist, for March, 1877. In this letter the scientific

world is informed by our mutual friend, A. Agassiz, that the
Echini, Ophiurans, Radiolaria, and a part of the Spongida col-

lected in the expedition of the Challenger have been given to

American and German naturalists for description, and that the
United States have a 'fair share' of the work. So great is the

feeling that English workers should have been thus passed over,

that a conference has been held on the subject, and I have been
asked to write to you in the friendliest spirit of remonstrance.
I need hardly state that I should not have taken this liberty did
I not happen to hold a position which ent.iils action in every-
thing relating to the progress of geological science. Writing
then on the part of many men whose capabilities as naturalists

and palceontologists I am well aware of, I express their and
my own opinion that in this distribution your amiability and
want of personal acquaintance with English workers have led

you astray. We recognise the great merits of those foreign

gentlemen to whom you have sent collections and the exceeding
liberality of A. Agassiz ; but we do not think that you are

justified in giving them the results of the gi-eatest natural

history expedition which has ever sailed from this country,

unless there is a want of that power amongst English workers
which will enable them to treat the subjects in the broadest
sense, and to compare the recent and geological faunas satis-

factorily. There is no such deficiency. I am asked to

urge upon you a reconsideration of the matter, and to leave a
fair portion of work in the hands of our friends, giving the rest to

men of your own country. Assuring you that we appreciate

your difficulties, and that we will assist you in every way conso-

nant^with the dignity of English science, I remain,
" Yours sincerely,

(Signed) "P. Martin Duncan
"Sir C. Wyville Thomson "

" My Dear Dr. Martin Duncan,
" I must ask you to consider this note as written to yourself

personally, for I cannot, of course, in any way recognise this

nameless 'Conference.' 1 may mention, however, at starting,

that in this matter I have consulted several of the first English

naturalists, and that they entirely approve of my selection.

" I take up my pen rather hopelessly, for your letter does not

touch any of the considerations on which I have acted. My duty

was to have prepared an official account of the voyage to the best

of my power within a certain time. I endeavoured to select to

assist me in this (i) those who had most successfully m.ade cer-

tain branches their special study and were generally regarded as

authorities : and {2) those whom I knew by experience to be

likely to do the work within the time to which I was tied down,
and to return the specimens in good order to be lodged in the

British Museum. In all cases where I considered tliat these

conditions were fairly fulfilled by Englishmen I at once and fully

recognised the great advantage of avoiding the risk of sending

things abroad, but except for this consideration I confess I saw
and see no objection, but rather the reverse, to making a great

work of this kind somewhat more catholic. The result has,

however, been, that by far the greater part of the work will be
done in England. I do not mean to go into special cases, but I

give a general sketch of the arrangements as they now stand :—

Sea Mammals . . ... Prof. Turner.

Birds .. Dr. Sclater.

Fishes .. .. .. Dr. Giinther.

Cephalopoda... ... ... Prof. Huxley.
Gastropoda

I Rev. R. B. Watson.
Lamellibranchiata ... .. )
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Brachiopoda
HiEher Crustacea
Ostracoda
Copepoda
Isopoda
Cirripedia

Annelida
Gephyrea
Bryozoa
Echinoidea
Ophiuridea ...

Crinoidea
Hydromedusje
Corals
Sponges
Rhizopods
Radiolarians ...

NA TURE
... Mr. Davidson.
... Probably Prof. Claus.

•••

I

Prof. G. Brady.

... Mr. Henry Woodward.

... Mr. Darwin.

... Dr. Mcintosh.

. .

.

Prof. Ray Lankester.

... Mr. Busk.

... Mr. A. Agassiz.

... Mr. Lyman.
... Dr. Carpenter and myself.

'

... Prof. Allman.
.. Mr. Moseley.

. .

.

Prof. Oscar Schmidt and myself
]

... Mr. Henry Brady.

... Prof. E. Haeckel.

"Now the only foreigners in this list are Dr. Giinther, Prof.

Claus, Prof. Agassiz, Mr. Lyman, Prof. Oscar Schmidt, and
Prof. Haeckel. If there is a better English authority than Dr.

Giinther on fishes, I beg his pardon for having overlooked him.

The crustaceans were to have been done by the late Dr. v. Wille-

moes-Suhm and certain considerations come in as to the use of his

plates and notes, which I need not discuss. I am not aware that

there is any one in this countiy who can be considered at

present an authority on recent Echinoidea. The choice perhaps

lay between Agassiz and Loven, but the reference collection at

Cambiidge is the best in the world in this department. There
is, so far as I know, no English authority on Ophiurids at pre-

sent. I prefer Oscar Schmidt's mode of treating the sponges to

that of any other author. I am not aware that any Englishman
knows the Radiolarians so well as Haeckel. There are a good
many departments not yet settled, and one or two other foreigners

may be added to the list. I should of course have most heartily

asked your assistance with the corals had Moseley not undertaken

them, but he has the preference as one of our staff, and he has

done excellent work.
" I have submitted the principles on which I am working to

the best of my ability to the Treasury, and they have received

their sanction and that of the Council of the Royal Society. I

cannot recognise the importance of the geographical distribution

of naturalists, and with all respect for the dignity of British

science I must say I think that in this selection, which I con-

sidered entirely open, I have done it ample justice.

" Believe me, very traly yours,
" C. WvviLLE Thomson

" 20, Palmerston Place, Edinburgh, March 27
"

To this letter no reply has been received, and the sub-

ject might well have ended here.

The objectors to the course pursued by Sir Wyville

Thomson would hardly advocate our assumption of a

spirit more narrow and illiberal than that of any other

country, and they will perhaps be interested in knowing

how a foreign Government has acted under quite similar

circumstances.

The results of the two great recent scientific expe-

ditions fitted out in the United States, that of the

" Haslar," and the Exploration of the Gulf Stream, have

been distributed among special workers without any re-

gard to nationality. Of this we need no further evidence

than that afforded by the arrangements which have been

adopted for the examination of the very rich collections

made during the Gulf
,
Stream Expedition. These col-

lections have been allocated as follows :

—

Halcyonaria ... A. KoUiker Wiirzburg.

Annelides E. Ehlers Gottingen.

Sponges (part) ... O.Schmidt Strassburg.

Sponges (part) ... E. Haeckel Jena.

Holothurians ... E. Selenka Leiden.

Polyzoa F. A. Smitt Stockholm.

Mollusca J. Gwyn Jeffreys London.
Hydroids G. J. Allman London.
Starfishes E. Ferrier Paris.

Crustacea Alph. Milne Edwards... Paris.

Fishes F. Steindachner Vienna.

Cephalopods
Brachiopods
Corals

Ophiurans ...

Echini

J. P. Steenstrup

W. H. Dall...

L. F. Pourtales

T. Lyman
A. Agassiz ...
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Copenhagen.
Washington.
Cambridge, U.S.
Cambridge, U.S_
Cambridge, U. S

It will be thus seen that out of the twenty-two zoologists

among whom the collections of the Challenger have been

distributed seventeen are English ; while out of the sixteen

to whom the American collections have been assigned,

four are A7nerican.

ELEMENTARY PHYSICS
Matter and Motion. By J. Clerk-Maxwell. (Society for

Promoting Christian Knowledge. London, 1876.)

THE recent appearance of a swarm of elementary

books on physics, some of which at least are written

by well-known authors, leads to some very curious in-

quiries and speculations : for, though treating in the main

of the same parts of the same subject as does the work we
are specially dealing with, and addressed professedly to

the same class of readers, they have comparatively little

in common with it. To a certain, even a considerable,

extent, this difference is of course due to the idiosyn-

crasies of the authors ; but, after all allowance is made
for these, there is still a most notable divergence. It

will be both interesting and profitable carefully to

consider in what this divergence consists, and what is

its probable origin. For it is not too much to say that

an intelligent reader of Clerk-Maxwell's book, had he

no other source of information, would be utterly unable to

answer any one of hundreds of questions which might be

framed (without " dodge " or " trap ") by a qualified

examiner, directly from the text of the others. It is true

that such questions would be artificial rather than natural

—bearing more upon old and cumbrous dogmatic fallacies

than upon the actual facts of science. But if the reader

of Clerk- Maxwell's book would be at a loss when examined

from any of the others, the student who relies merely upon

one (or even all) of these would hardly even understand

the meaning of a question put directly from Clerk-Max-

well's. The main origin of this divergence is to be found

in the steady progress of knowledge in aU departments of

true science ; even the most elementary. And, bearing

this in mind, we may give an almost complete statement

of the case by saying that Clerk-Maxwell's book properly

belongs to the second half of the present century, while

his rivals give us that of the first half only. These give

us again the elementary " Mechanics " of our student days

(more than a quarter of a century ago) very little changed

—though where changed, often changed for the better—the

first gives us what is emphatically the science of to-day.

Possibly enough, in the beginning of the twentieth century

even Clerk-Maxwell's book may appear a little antiquated

;

but it is hardly to be imagined that the te.xt-book of that

not very distant future will differ from Clerk-Maxwell's

to anything like the extent to which that differs from its

competitors. At least if there be anything like so a great

difference it will depend upon some wholly new informa-

tion as to the intimate nature of matter or energy,

certainly not upon a mere difference in the mode of

treatment.

The immense steps taken by Galileo and Newton (to

mention only two of the chief workers) in the simplifi-
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cation and orderly arrangement of the fundamental con-

ceptions and laws of physical science are too often lost

sight of in comparison with the vast extensions which

these men gave to our knowledge—though their actual

value is probably little inferior. No doubt it is scarcely

possible for any one (except by accident, of which some

notable instances will occur to every reader) to make

real extensions of our knowledge unless he possesses a

clear conception of elementary principles. But great

discoverers are generally too much engrossed with their

higher studies to bestow much time on the explanation

or co-ordination of the more elementary parts of their

science. All the more honour, then, to those who, like

Gahleo and Newton, have made every step of their pro-

gress clearly intelligible to the student from its very

foundations.

Immediately after Newton's time the progress of phy-

sical science was almost arrested in Britain (mainly,

it seems, from the want of men of a high order of

genius), and the really great foreign Mathematicians and

Physicists of the time were entirely absorbed in the rapid

development of their subjects. The disastrous conse-

quence was that the elementary parts of science were left

almost entirely to the second-rate men, or to the mere

sciolists, men whose representations of science, even at

the best, were mere caricatures—in the sense in which an

orrery mimics the solar system, or an automaton a living

animal;—and though, since that time, really first-rate

men {eg-, Cavendish and Young) have occasionally ap-

peared in Britain, the pernicious influence of generations

of smatterers was not easily shaken off. Thus an ab-

surdly artificial, and unnecessarily complex system, based

to a certain extent on Newton, but altogether devoid of

his wonderful precision, simplicity, and completeness,

came to be generally adopted here. This artificial sys-

tem may be said to have reached its climax in the works

of the late Dr. Whewell, perhaps the only brilliant writer

of what is known now as Paper Science, by far the most

pestilent weed against which the true scientific culti-

vator has to contend. The omniscient Master of Trinity

might quite probably have been able to hold his own
with Aristotle, had he lived in days when science had

but a scanty development ; but it is impossible for any

one nowadays to hold relatively to human knowledge

any such position. And he who tries to do so, even had

he the genius of Newton to start with, will simply do

nothing.

Clerk-Maxwell (wisely, we think) appears to prefer New-

ton and Rowan Hamilton to Whewell, on whom or the like

of whom his rivals mainly rely. And this alone accounts

for a great deal of the extraordinary dissimilarity between

the works to which we have alluded. What is Whewell, the

universal genius, with all his book-learning, in comparison

with Newton, the special genius, with his close and patient

study of material phenomena themselves ? Nothing. Men
consulted Whewell as they would a dictionary or an ency-

clopaedia, simply to save themselves trouble. But when

was an encyclopajdia ever seen to add a volume of new

matter to itself as an appendix ? To use an old com-

parison, Newton, as it were, studied Chinese metaphysics

in China itself, at head-quarters ; Whewell and those who

do like him read all the European works on China and all

the European works on metaphysics, and " combine their ,

information." Thus almost all Clerk-Maxwell's rivals

—whom therefore we need not specially name—give us

the sacred Three Classes of Levers, the various Systems

of Pulleys, the altogether imaginary gold shell of the

Florentine Academicians, the Principle of Repulsion, the

Transmissibiliiy ofFluid Pressure, and what not. Weight
and specific gravity are usually put forward in preference

to mass and density— the accidental property before the

inherent or essential one ! We have the old confusing

statements about a co-efficient of elasticity in the impact
of balls. In one of the most pretentious of these

works we are told that the " strict " definition of a level

surface implies that " at all points of it the force of gravity

has the same value, and its direction is at right angles to

the surface." That is to say, the author here uses the

word '-force" in two difterent senses. It means the
" potential energy of a given mass," when its value is

spoken of ; but it means the " weight of a given mass ''

when its direction is spoken of. For it is inconceivable

that the author could have meant to state that the

weight of a body is the same at all points of a level surface.

Wc could give without practically any limit instances of a
similar kind (not mere slips of the pen, trom which no man's
work can be free), but we will be merciful, and simply ex-

tract the following passages, putting a word or two in

italics, and leaving the reader to exercise himself in finding

what is erroneous :

—

" An arrow shot upwards from a bow reaches to a cer-

tain height : show that if the weight of the arrow be
doubled, other circumstances remaining the same, the
height reached will be one-fourth of its former value."

" Gravity and distance together represent theyivtY- em-
ployed from the beginning in putting things where they
are, and whenever they come together by attraction they
develop a corresponding force or heat."

" When heat is continually applied to water it is found
that if the water is in an open vessel its heat cafinot be

raised beyond a certain point."
" The forces of heat, electricity, magnetism and light

are now considered to be all species of motion, discover-
able and measurable only by the amount of movement
they can produce or counteract."
"... water is boiled by placing a lamp beneath the

flask so that the upper part of the flask becomes full of
steam, the air being expelled. The flask is now stopped
with a cork, removed from the lamp, and allowed to

cool. ... By pouring cold water . . the water begins
to boil again. The experiment requires great care to

prevent accidents."
" Matter in motion is FORCE."
" Electrical attraction is the name given to some cases

resembling magnetic attraction, in which electricity is the
agent."

' Liquids possess a small hut very perfect elasticity,

which differs in amount in different liquids."

"... gold, which in the case of a sovereign falls as
fast as anything which we have commonly in view, may
be beaten out to a thin leaf which almost floats ok
the air . .

."

" // is sometimes stated incautiously, that the weight of a
body may always be supposed to be collected at the centre

of gravity, but the present case shows that such a state-

ment is too loide."

There is nojustifying the existence of anew way of doing

anything except by showing that it is better than the old

one ; but, if that can be done, the new way is justified.

And, as it is not our interest to become Encyclopsdias,

when we get a good new way, let us adopt it, and at once
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drop the old. And we are not without hope that Clerk-

Maxwell's book may effect the complete abolition of the

older methods, which are already sadly shattered. Per-

petual "distinctions without a difference," like the three

classes of levers above alluded to, can only confuse and
irritate the student—often making him doubt whether he

really understands the gist of an explanation or no. And
to give rules for calculating results without explaining

how to obtain these rules, or what they imply physically,

is, in the vernacular, simply cra.m :—call it euphemistically

what you will. To learn how to do this is not, in any

sense, to acquire knowledge.

Clerk-Maxwell's book is not very easy reading. No
genuine scientific book can be. But the peculiar charac-

teristic of it is that (while any one with ordinary abilities

can read, understand, and profit by it) it is the more

suggestive the more one already knows. We may boldly

say that there is no one now living who would not feel

his conceptions of physical science at once enlarged, and

rendered more definite by the perusal of it. Short and

(on the whole) simple as it is, it is one of the most sug-

gestive works we have ever met with. The following

extract needs no comment of ours: let us see how the

metaphysicians will digest it :

—

" But, as there is nothing to distinguish one portion o'

time from another except the different events which
occur in them, so there is nothing to distinguish one part

of space from another except its relation to the place of

material bodies. We cannot describe the time of an
event except by reference to some other event, or the

place of a body except by reference to some other body.
All our knowledge, both of time and place, is essentially

r^a'ive. When a man has acquired the habit of putting

words together, without troubling himself to form the

thoughts which ought to correspond to them, it is easy
for him to frame an antithesis between this relative know-
ledge and a so-called absolute knowledge, and to point

out our ignorance of the absolute position of a point as

an instance of the limitation of our faculties. Any one,

however, who will try to imagine the state of a mind
conscious of knowing the absolute position of a point will

ever after be content with our relative knowledge."

We can afford space for only one other quotation ; but,

as it is very important, we quote in extenso

:

—
Article cxiv.—Centrifugal Force.

" This is the force which must act on the body M in

order to keep it in the circle of radius v, in which it is

moving with velocity V.

" The direction of this force is towards the centre of

the circle.

" If this force is applied by means of a string fastened

to the body, the string will be in a state of tension. To
a person holding the other end of the string this tension

will appear to be directed towards the body M, as if the

body M had a tendency to move away from the centre of

the circle which it is describing.
" Hence this latter force is often called Centrifugal

Force.
" The force which really acts on the body, being

directed towards the centre of the circle, is called Cen-

tripetal Force, and in some popular treatises the centri-

petal and centrifugal forces are described as opposing and
Ijalancing each other. But they are merely the different

aspects of the same stress."

This is one of the few passages in the work to parts of

which exception may fairly be taken. Of course, the

physical statements are correct, and they are very clearly

put. But it is hardly fair to a junior reader to begin by
telling him that Centrifugal Force means the force which

must act on a body in order to keep it moving in a circle,

and then to say that the force which really acts is called

Cenlr'.petal Force ! That force is required to produce

change of direction of a body's motion, and that when this

is applied by means of a string held in the hand the im-

pression on our " muscular sense " is the same as if the

body were pullins; at the other end of the string, are

facts : but they no more justify the use (however guarded)

of the word ''centrifugal" than the tension of the couplings,

just before a train starts, proves that the carriages have a

tendency to run backwards.

There is one very great blemish in Clerk-Maxwell's

book, from which those of his rivals are comparatively

free. Some of the woodcuts are simply atrocious. This

must be looked to in future editions, for passages of great

importance are at prc5ent rendered totally unintelligible

to the beginner : and from this cause alone.

Clerk-Maxwell's work, then, is simply Nature itself, so

far as we understand it. The peaks, precipices, and cre-

vasses are all there in their native majesty and beauty.

Whoso wishes to view them more closely is free to roam
where he pleases. When he comes to what he may fear

will prove a dangerous or impassable place, he will find

the requisite steps cut, or the needful rope attached,

sufficiently but not obtrusively, by the skilful hand of one

who has made his own roads in all directions, and has

thus estabUshed a claim to show others how to follow.

In the rival elementary works the precipice and the

crevasse are not to be seen : there are, however, many
pools and ditches ; for the most part shallow, but vc}y

dirty. You are confined to the more easily accessible por-

tions of the region. In the better class of such books

these are trimly levelled—the shrubs and trees are clipped

into forms of geometrical (/,6' , unnatural) symmetry like a

Dutch hedge. Smooth straight walks are laid down lead-

ing to old well-known " points of view,"—and, as in Trinity

of ormer days, undergraduates are warned against walking

on the grass-plats.

These "royal roads" to knowledge have ever been

the main cause of the stagnation of science in a country.

He would be a bold man indeed who would venture to

assert that the country which, in times all but within the

memory of many of us, produced such mighty master-

minds as Lagrange, Fourier, Ampere, and Laplace, does

not now contain many who might well have rivalled the

achievements even of men like these. But they have no

chance of doing so ; they are taught, not by their own
struggles against natural obstacles, with occasional slight

assistance at a point of unexpected difficulty, but by being

started off in groups, "eyes front" and in heavy marching

order, at hours and at a pace determined for all alike

by an Official of the Central Government, along those

straight and level (though perhaps sometimes rough)

roads which have been laid down for them ! Can we
wonder that, whatever their natural fitness, they don't

now become mountaineers 'i

I still vividly remember the horror with which I

v.-atched the the struggles of a former class-fellow of my
own, whose friends had just sent him to another school

that he might learn geometry a little earlier than was the

custom wi^h u;. For him th?re was no longer any pli>

—
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all his spare time was devoted to the committing of

Euclid to memory ! I shuddered as I thought of what

was to be my own fate in a few short months, when I too

must be subjected to this fearful imposition. But the first

hour or two which Dr. Gloag (a name strange, perhaps, to

southern ears, but very high indeed on the roll of success-

ful teachers—Clerk-Maxwell, indeed, was one of his pupils)

devoted to geometry showed those of us who had any taste

for the subject that it was one to be learned by head, not

" by heart" (the idiotic phrase in common usej—and that

my friend's parents had simply taken him from a good

teacher and sent him to an exceedingly bad one— for it

came to be discovered after some time that he had really

considerable aptitude for geometry.

But if he had been in fact quite unfit for the study,

otherwise than in learning to repeat Euclid by rote, what

object beyond mere torture would have been attained by

forcing it upon him ? This leads to another remark of

great importance in connection with the mass of

elementary te.xt-books.

What sort of students are those who require to be told

to take the square of the velocity, divide it by the radiiist

and find the propoi'tion of t/iis quotient /o 32 . . . :

—

without farther explanation or proof ? What the better

are they of the information ? Call you this " teaching

science?" Has it improved their minds? Will they be

able to make any use of it in after life ? I do not see

how these questions and many other connected ones can

be answered except by a prompt negative. One of two

things. The pupil who requires to be taught in this way
is either as yet too young, or is one who will never be-

come old enough, to learn even the rudiments of science.

To our metaphor once more. Grass-plats, moss, and

flower-beds for the happy sports of children—the bare

rock and rough moor for the stern work of men. Your
gravel-walks and Macadamised roads are excellent things

in their way, but keep them to their legitimate users, the

carriage and the perambulator for the invalid and the

infant who can neither work nor even play.

My reasons for writing on this subject are very serious

ones. I have to considereach year howbest to instruct some
couple of hundred students in the elements of physics, and

have to be constantly on the out-look for a really good

text-book of an elementary character. In the higher

branches of the subject there is, happily, little difficulty,

but that a really good, short, and simple treatise on the

merest elements has been (at least till very lately) wholly

unprovided is, I think, clear from the ridiculous discus-

sions about Cenlrifui;al Force, and other connected ideas,

which are even now constantly to be found in our more
practical periodicals. P. G. Tait

LETTERS TO THE EDITOR
[The Editor does not hold himself responsible for opinions expressed

by his correspondents. Neitlier can he underlain to return,

or to correspond with the writers of, rejected manuscripts.

No 7totice is taken of anonymous communications.

The Editor urgently requests correspondents to keep their letters as

short as posiible. The presitire on his space is so great that it

is impossible otherwise to ensure the appearance aen of com-
munications containing interesting and novel facts.}

Nectar-Secreting Glands

Mr. Francis Darwin has made an interesting addition to

his important discovery of uectar-bearing glands on the young

fronds of Pteris aquilitia, supplied from the ever-welcome expe-
rience of Mr. Fritz MuUer. The latter gentleman finds that in

Brazil the Pteris aquilina is protected from the leaf-cutting ants

by those attracted to the nectar, and Mr. Darwin sdds some
speculations on the origin of the glands and their continued
functional activity in Europe where they now appear to be use-

less. On this i)art of the question I should like to make the

following remarks :

—

Prof. Ileer has shown that in the Miocene plant-beds at

(P.ningen and Radoboj, ants are the most numerous amongst the

fossil insects, and in 1S49 as many as sixty-six species had been
described from these two localities. In 1S65 the number found
at GIningen alone is recorded as forty-four. I do not know
what the total number of species is th.it have been recorded from
the two places up to the present time, but it prob.ibly does not

fall short of eighty. Amongst the fossil ants from Radoboj there

are species of the Tropical American genera Atta and Ponera.

One of the fossil species of Alia resembles in general form and
in the venation of the wings the curious Alia cephalotes of Tropical

America.
As there are only about forty species of ants existing now in

the whole of Europe it is evident that in the Miocene epoch they
must have played a much more important part in Europe than
they do now. Plants may then have been exposed to the attacks

of enemies that have become extinct along with the general im-
poverishment of the fauna and flora of Europe that took place in

Post-pliocene times ; and the protection afforded by ants attracted

to the nectar-bearing glands at the critical stage of the unfolding

of the young and tender leaves may have been as important to

some plants in Europe, then, as it is to many in Tropical America
now.
With regard to the persistency of the nectar-producing glands

up to the present time in Europe, it is to be remarked that many
plants are identical with those living in the Miocene period and
the world-wide distribution of Picris aquilina seems to indicate

thatit isof very ancient origin. If a plant has not otherwise varied

there is no reason apparent why it should do so in this respect so

long as the secretion of nectar is not positively injurious to it. I

have recently noticed in ray garden that the ants that attend the

glands at the bases of the leaves of the cherry, the plum, the

peach, and the apricot, stroke with their antenna; some of the

glands that are not excreting when they arrive at them, just as

they do the bodies of the aphides. I have not actually noticed

that this promotes a flow of nectar, but ever since I became a
disciple of Darwin I have been convinced that the most
trivial circumstance is worthy of notice ; and it may be that

the slight irritation of the glands kept up by the ants is suffi-

cient to ensure the perpetuation of a function of the plant now
useless to itself. It is, however, perhaps too soon to assume
that the glands are entirely useless to the plants in Europe.
Darwin states that there is good evidence that the absence of

glands in the leaves of peaches, nectarines, and apricots leads to

mildew ("Animals and Plants under Domestication," vol. ii.

P- 231).

Darwin refers at the same place to the variation of the glands

of the leaves in the above-mentioned fruit trees and I may add
that they are extremely variable on the cherry, being sometimes
absent, sometimes on the stalk and sometimes on the blade of

the leaf. The young leaf in its earliest stage, before it expands,
has a complete fringe of them, thus bearing out Mr. Francis
Darwin's theory that they are homologous with the serration-

glands of Reinke.

May I suggest to some of your correspondents that information
as to how far north in Great liritain or in Europe the glands on
the above fruit trees are attended by ants and especially if the
wild cherry (which I have not had an opportunity of observing)

is so attended, would be of great interest. Thomas Belt
Cornwall House, Ealing, June S

On Time
"The fact is, that we have not yet quite cast ofi" the tendency to iO-called

metaphysics."—Tait, ''Rec. Adv. in Phys. Sc," p. ji.

In Thomson and Tait's "Natural Philosophy," of which I

have only the German edition in my possession, I find, § 246 :

" Die Zeiten, wiihrend welcher irgend ein besonderer Korper, tier

dutch keine Kraft angetrieben wird, die Geschwindigkeit seiner

Bewegung zu iindern, gleiche Wege durchlauft, sind einander
gleich." And § 247 :

" Dieser Satz druckt bloss die fur die
Messung der Zeit allgemein getroffene Uebereinkunft aus."

These quotations quite express what is generally understood,
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Yet in the definition of the equality of two lapses of time there

is a logical fault. It is not allowed implicitly to introduce in a

definition what is to be defined. There is no body of which we
know i; priori that no force tries to alter its velocitv ; in order to

ascertain this, we must find out in consistency with the usual

definition of force, given in § 217, whether it moves through

equal spaces in equal times.

The definition of § 246, therefore, really says : The times, in

which a body that goes through equal spaces in equal times

moves through equal spaces are equal. It is evident that we
are reasoning in a circle.

I am very well aware of the objection which will be made.
We have it in § 245 :

" Auch werden wir spater sehen, dass ein

voUkommen glatter spharischer Korper, welcher aus concen-

trischen Schalen bestch', deren jede von gleichformiger Material

und iiberall von derselben Dichtigkeit ist, sich, wenn man ihn in

eine Drehung um eine Axe versetzt hat, trotz hinzutretender ein-

wirkender Krafte mit gleichformiger Winkelijeschwindigkeit
dreht, und seine Rotationsaxe in einer absolut festen Richtung
erhallt." Thereupon it is said in § 247 that the earth is a body
which fulfils these conditions very nearly, and that therefore its

rotation gives us the means to measure time. But this assertion

is not at all proved.
I now' lequest my readers to be so good as to follow the ex-

position of 7}iy view. I assume that we are able to decide

whether two lapses of time are equal. How this is done I shall

dwell on afterwards.

When the conception of time is combined with the conception
of motion we arrive at the building up of kinematics, in which
the ideas of velocity and of acceleration are introduced. In

abstract dynamics the idea of force is firU introduced, wholly
separated from any definite physical sense. As soon as the state

of motion of a body (which is determined by the magnitude and
the direction of its velocity) undergoes a change, we think of a

cause of this change, and call this cause a force. We ascribe to

a force magnitude and direction. If a body, which primarily is

in rest, acquire a rectilinear motion, the force has constant direc-

tion. The magnitude of a force of constant direction is judged
by the increase of velocity, which it gives in a definite time to a

body primardy in rest. If the increases of velocity in equal
times be equal, the force has constant magnitude. Two forces

of constant direction and magnitude are in the same proportion
as the increases of velocity which they give in equal times to the

same body. Unity of force is the force which in unity of time
gives to a particular body unity of increase of velocity.

It is conceivable that equal forces acting on different bodies
cause different accelerations. Therefore another idea is intro-

duced—the idea of mass. It is settled by definition that the

masses of two bodies are in inverse proportion to the accelera-

tions which they receive from equal forces. To a particular body
unity of mass is ascribed. Unity of force is the force giving

to unity of mass unity of acceleration.

I need not dwell on other ideas which are introduced, e.g.,

moment, work, energy, &c. The whole building can be con-

structed, and there is room for every investigation which belongs

to so-called theoretical mechanics. So it is demonstrated that a

centrobaric body, which has kinetical symmetry in respect to its

centre of gravity, and which has been brought in rotation about

an axis going through the centre of gravity, retains constant

angular velocity, when no forces are acting on the surface, and
on the component parts only central forces which are in the same
proportion as the masses of the parts.

Before kinematics and abstract dynamics can be applied in

interpreting phenomena, we must be enabled to measure time.

What is time? TLere are mental conceptions which cannot be

described by words, and I reckon "time" amongst them. But
I shall try to answer the question how the conception of time

originates with us.

The lormation of the conception of "time" is preceded by
the formation of the idea of "lapse of time." The idea of
" lapse of time " we arrive at by the simultaneous observation of

two phenomena, in conjunction with the observation of two phe-

nomena not occurring simultaneously, in such a manner that we
receive the impression of the second phenomenon when the im-

pression of the first one is not yet effaced from our memory.
A lapse of time, from the nature of the idea, is limited. If

we abstract the dtfinite limits, we have the conception of time.

It is clear that in speaking of the measuring of lime we
properly mean the measuring of lapses of time.

In order to measure lapses of time we must know when a

lapse of time is twice as long as another. We easily come to

this on its having been established which lapses of time are

equal.

If we wish to compare the length of two bodies we place the

one beside the other, or if circumstances prevent us from doing

so, we successively place a third object beside each of them.

For the comparison > f two lapses of time we lack such means
and have to follow another way.

In nature ptenomena present themselves that persistently

return. Nor^o we simply settle by definition that the lapses of time

betivecn thefirst occurrence of a particular phenomenon and the

second is equal to that bet'ceen the second and third occurrence.

Which phenomenon is to be chosen ? Flu.x and rellux? Earth-

quakes? For the application of kinematics and abstract dy-

namics in interpreting phenomena, the choice is no indifferent

matter.

I confine myself to the phenomenon which is s>ill the usual

base of the measurement of time. It is settled by definition that

the lapses of time between the successive culminations of a

definite fixed star in a definite place are equal. To divide these

lapses of time themselves into equal parts, it is settled that the

apparent motion of the fixed star, and therefore of all fixed stars,

is uniform.

The results arrived at in the attempts at interpreting pheno-

mena show that a very good hit has been made. But it is not

impossible that after greater development of science we may have
to make the measurement of time independent of the rotation of

the earth. The application of abstract dynamics to the theory

of the motion of the earth round the sun and of the mi'on round

the earth has furnished admirable results. But in comparing the

results of calculation with the accounts of eclipses found in

ancient chronicles, a difference is met with, and in the opinion

of some it is too considerable to be accounted for by the imper-

fection which may adhere to ancient descriptions. Therefore

the theory of the motion of the earth and of the moon is incom-

plete. But hitherto no omission can be poin'ed out. For this

reason some men of science are inclined to settle by definition that

the theory of the motion of the earth and of the mo.m is com-
plete, and to make it]thc base of the me.isurement of time. Then,

of course, the former definition must be abandoned, and two
arbitrary intervals between successive culminations of a fixed

star no longer are equal.

Prof. Clerk Maxwell says (" Theory of Heat," second edition,

p. 81) :
" This shows that time, though we conceive it merely

as the succession of our states of consciousness, is capable of

measurement, independently, not only of our mental states, but

of any particular phenomenon whatever." In my opinion this

assertion is erroneous. If we reject the rotation of the earth as

the base of the measurement of time, we must have recourse to

the motion of the earth round the sun or to that of the moon
round the earth, or to any other phenomenon. Thomson and

Tail, in § 406, already allude to a metal spring oscillating in

vacuo. It should then be settled by definition, for example, that

such a spring has a harmonical motion. If we proclaimed the

lapses of time between the successive arrivals of flux and reflux

at a particular station to be equal, and if we admitted, in order

to divide these lapses of time into equal parts, e.g., that the

water sinks and rises uniformly, then the whole ofikinematics and
abstract dynamics would retain the same form ; even then a cen-

trobaric body with kinetical symmetry in respect to its centre of

gravity, would show the peculiarity already mentioned. But it

would be seen that our kinematics and abstract dynamics were

but a highly deficient aid for the interpretation of phenomena
;

and the earth would not at all be a body with the same motion

round its axis, as if it were a centrobiric body with kinetical

symmetry in respect to its centre of gravity.

Of course it is wise to maintain provisionally the definition by
which the earth in equal times rotates through equal angles.

In applying abstract dynamics to the interpretation of pheno-

mena, we are led to identify the idea of mass with the idea of

quantity of matter, and this has furnished excellently satisfying

results. From tills, in conjunction with experiment, it follows

that two bodies which have equal weight, possess equal quantities

of matter ; that no matter is annihilated or created, &c.

This article is already too long for me to dwell on other con-

sequences which follow from my view. Only a few words on

the conservation of energy. This law threatens to be considered

an axiom. Vet I believe it desirable that we should always re-

member that it is the result of experiment. If the measuring of

time were founded on a different basis, it would not hold. Still

the experiments do not give perfectly satisfying results. Usually

this is ascribed to the imperfection of our methods and instru-
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ments, which really may be the cause. But, probably, if in

future times it be found by improved methods and instruments

that the law does not hold, it would be advantageous to pro-

claim by definition the conservation of energy and to deduce
from it the measurement of time. Then we should have the

analogon of the absolute scale of temperature of Thomson.
If any one after the perusal of this article asserts that my

views are at variance with the historical development of science,

I answer that often in the reasoning of man there are gaps,

which by contemporaries are not perceived ; but that we must
try to find them out and to fill them.

I hope my readers will not be too much annoyed by the de-

fective manner in which I may have expressed myself in English
;

it is always difficult to make use of a foreign language.

Before closing I am bound to state that I have particularly

mentioned the assertions of Sir W. Thomson, Prof. Tait, and
Prof. Clerk Maxwell, because in their works I found most
emphatically stated what in my opinion is erroneous. These
eminent men stand so high that it is unnecessary for me to ex-

press my profound respect for them. V. A. Julius
Roermond, Holland

OUR ASTRONOMICAL COLUMN
The D'Angos Comet of 1784.—Encke's investigation

relating to this reported comet appears in Zach's Corre-

sp07idance Astroiioinique, as an " Imposture Astronomique
grossi^re du Chevalier D'Angos, ddvoilde par J. F. Encke,
k Gotha." Olbers, in a letter addressed to him, had, as

already stated, asked his attention to the subject, saying,
" I would invite you to the examination of a doubtful

comet of which the result will be either the knowledge of

the yet unknown orbit of a very remarkable comet, or

the discovery of a most shameful imposture," and adding
particulars to which allusion is made in our previous

note.

Encke remarks at the outset that, contrary to all gene-

ral usage amongst astronomers, D'Angos had given

the Malta observations with mean times for Paris, and
the comet's positions expressed in longitudes and lati-

tudes, which confirmed the suspicion that he had com-
puted from the elements of an imaginary orbit and had
not taken the trouble to convert the results into right

ascensions and declinations, in which astronomers are

accustomed to present them. If it is demonstrable that

according to the observations (at least without supposing
them erroneous to the amount of many minutes) the

comet could only have moved in a very improbable orbit,

in fact almost as a satellite of the earth and at a distance

less than that of the moon, and if further it can be
shown that by a very simple error of calculation D'Angos
was misled in deducmg the places of the comet from the
imaginary elements, then, Encke urged, there remains no
longer the smallest doubt that he had invented all these
observations. Making use of the positions given for April

15, 22, and 29, Encke assuming arbitrarily a value of the

comet's curtate distance from the earth at the first date,

finds the corresponding value for the same at the third

date in order to represent precisely the longitude on
April 22, and compares with the corresponding latitude.

Thus if the curtate distance on April 22 be taken as 0'42

(we somewhat contract Encke's figures) the third distance
IS 055, the error on the middle latitude, — 16', and the
resultmg conic section is a hyperbola ; the same form of
orbit is deduced when the comet's distance on April 22 is

diminished tn 0^25. If this distance be further diminished
to o'i46, the orbit becomes an ellipse, but the error on
the middle latitude is still — i2''8, and it was found neces-
sary to reduce the curtate distance to 000126 in order to

represent this latitude with no greater error than — 2''5
;

the resulting orbit being also an ellipse. Taking the solar

parallax at 8"86, this distance corresponds to 116,000
miles, or about half the moon's distance from the earth,

and under the condition named above, on April 29 it

would still be less than 160,000 miles. Thus Encke found

it was necessary to assume the comet's distance from the
earth, almost incredibly small if the errors of calculation

are to be brought within the limit assigned by D'Angos
to the differences between the places computed from his

elements and his observations, or about l|' ; and, he con-
tinues, a celestial body under such circumstances remain-
ing for so long a time in immediate proximity to the earth,

would assuredly have been retained within its sphere of
activity, and D'Angos if he were the first would certainly

not have been the only observer of this second moon.
Rejecting then as beyond probability the conclusions
necessarily drawn from an investigation in the manner
here briefly described, Encke proceeded to examine the

calculation of geocentric longitudes and latitudes of the
comet from the elements assigned by D'Angos.
Taking for example the observation of April 15, the

logarithm of the radius-vector calculated from the orbit of

D'Angos is found to be 9'82o8333, and continuing the
computation the resulting position diff'ers from the obser-

vation 47° in longitude and 15° in latitude, but supposing
that by an error of the pen D'Angos had used a log.

radius-vector ten times greater, or o'82o8333, with the
same heliocentric longitude and latitude, the errors are
reduced to 56 seconds and 34 seconds respectively, and
making the same change in the log. radii-vectores at the

other dates of observation, Encke arrived at the extra-

ordinary result that the whole of the reputedly-observed
places were represented within about the limit of error

mentioned by D'Angos, and he insisted that with such
proof there could be no possible doubt that the observa-

tions and the orbit of the comet, " ne soient enti^rement
fausies et controuvdes, et que par consequent il faut les

rayer de tous nos catalogues des cometes, comme un astre

chimerique qui n'a jamais existd ;" while at the same time
he acknowledged himself ready to do justice to the accused
and to make the most ample satisfaction if he could be
opposed by arguments as strong and apparently con-
clusive as those upon which he had founded an adverse

verdict.

The Total Solar Eclipse, 1889, December 22.—In
continuation of notices of future total eclipses of the sun
which have appeared in this column, the elements of the

eclipse of 18S9, December 22, are subjoined :

—

G.M.T. of Conjunction in R.A. Dec. 22, at oh. 24m. 50s.

R.A
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HOW TO DRAW A STRAIGHT LINE''

III.

BEFORE leaving the Peaucellier cell and its modifica-

tions, I must point out another important property

they possess besides that of furnishing us with exact recti-

linear motion. We have seen that our simplest linkwork

enables us to describe a circle of any radius, and if we
wished to describe one often miles radius the proper course
would be to have a ten mile link, but as that would be, to say
the least, cumbrous, it is satisfactory to know that we can
effect our purpose with a much smaller apparatus. When
the Peaucellier cell is mounted for the purpose of describ-

ing a straight line, as I told you, the distance between

the fij.ed pivots must be 'the same as the length of the but it may not be amiss to give here a short proof of the
"extra" link. If this distance be not the same we shall i proposition.
not get straight lines described by the pencil, but circles.

|

In Fig. 17 let the centres Q, Q' of the two circles be at
If the difference be slight the circles described will be of

!
distances from O proportional to the radii of the circles,

enormous magnitude, decreasing in size as the difference
, If then O D C P S be any straight line through O, D O

Fig. 19

increases. If the distance Q O, Fig. 6, be made greater

than Q C, the convexity of the portion of the circle de-

scribed by the pencil (for if the circles are large it will of

course be only a portion which is described) will be towards
O, if less the concavity. To a mathematician, who knows
that the inverse of a circle is a circle, this will be clear,

* I-*^c*ure at South Kensington in connection with the Loan Collection of

Scientific A^ipar^tus, by A. li. ICempe, B.A. Continued from p. £5.

Fig. 21.

will be parallel to P (T, and C O to S Q', and O D will

bear the same proportion to O P that O O does to O Q'.

Now considering the proof we gave in connection with

Fig. 7, it will be clear that the product O D O C is con-

stant, and therefore since O P bears a constant ratio to

O D, O P • O C is constant. That is, if O C • O P is con-

stant and C describes a circle about O, P will describe

one about Q'. Taking then O, C, and P as the O, C, and

H 2
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P of the Peaucellier cell in Fig. 7, we see how P comfs to

describe a circle.

It is hardly necessary for me to state the importance
of the Peaucellier compass in

the mechanical arts for drawing
ciicles of large radius. Of course

the various modifications of the
" cell " I have described may all

be employed for the purpose.

The models exhibited by the

Conservatoire and M. Breguet
are furnished with sliding pivots

for the purpose of varying the

distance between O and O, and
thus getting circles of any radius.

My attention was first called

to these linkworks by the lec-

ture of Prof. Sylvester, to which
I have refer reri. A passage in

that lecture in which it was stated that there were pro-

bably other forms of sevcn-liiilc parallel motions bisuJcs

M. Peaucellier's, then the only one known, led me to in-

vestigate the subject, and I succeeded in obtaining some
new parallel motions of an entirely different chnracter
to that of M. Peaucellier. I shall bring two of these
to your notice as the investigation of them will lead us to

consider some other linkworks of importance.
If I take two kites, one twice as big as the other, such

that the long links of each are twice the length of the

short ones, and make one long link of the small kite lie

on a short one of the large, and a short one of the small
on a long one of the large, and then amalgamate the coin-

cident links, I shall get the linkage shown in Fig. 18.

The important property of this linkage is that, although
we can by moving the links about, make the points P and
P' approach to or recede from each other, the imaginary
line joining them is always perpendicular to that drawn
through the pivots on the bottom link L M. It follows

that if either of the pivots P or P' be fixed, and the link

L M be made to move so as always to remain parallel to

a fixed line, the other point will describe a straight line

pti jieiidicular to the fixed line. Fig. 19 shows you the

parallel motion made by fixing P' It is unneces-ary for

!• i o . - o .

to

me to point out how the parallelism of L M is preserved

by adding the link S L, it is obvious from the figure.

The straight line which is described by the point P is

perpendicular to the line joining the two fixed pivots ; we
can, however, without increasing the number of links

make a point on the linkwork describe a straight line

inchned to the line S P at any angle, or rather we can,

by substituting for the straight link P C a plane piece,

get a number of points on that piece mo\ing in every
direction.

In Fig. 20, for simplicity, only the link C P' and the

new piece substituted for the link P C are shown. The
new piece is circular and has holes pierced in it all at

the same distance—the same as the lengths P C and P' C
—from C. Now we have seen from Fig. 19 that P moves
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in a vertical straight line, the distance P C in Fig. 20 being
the same as it was in Fig. 19 ; but from a well-known
property of a circle, if H be any one of the holes pierced

m the piece, the angle H P' P is constant, thus the straight

line H P' is fixed in position, and H moves along it
;

similarly all the other holes move along in straight lines

passing through the fixed pivot P', and we get straight

line motion distributed in all directions. This species of

motion is called by Prof. Sylvester "tram-motion." It

is worth noticing that the motion of the circular disc is

the same as it would have been if the dotted circle on it

rolled inside the large dotted circle ; we have, in fact,

White's parallel motion reproduced by linkwork. Of
course, if we only require motion in one direction, we may
cut away all the disc except a portion forming a bent
arm containing C, P, and the point which moves in the

required direction.

The double kite of Fig. 18 may be employed to form
some other useful hnkworks. It is often necessary to

have, not a single point, but a whole piece moving
so that all points on it move in straight lines. I may
instance the slide rests in lathes, traversing tables,

punches, drills, drawbridges, &c. The double kite en-

ables us to produce linkworks having this property. In
the linkwork of Fig. 21, the construction of which will be

at once appreciated if you understand the double kite,

the horizontal link moves to and fro as if shding in a
tixed horizontal straight tube. This form would possibly

be useful as a girder for a drawbridge.
In the linkwork of Fig. 22, which is another combina-

tion of two double kites, the vertical Unk moves so that

all its points move in horizontal straight lines. There is

a modification of this hnkwork which will, I think, be found
interesting. In the linkage in Fig. 23, which, if the thin

links are removed, is a skeleton drawing of Fig. 22, let the

dotted links be taken away and the thin ones be in-

serted ; we then get a linkage which has the same
property as that in Fig. 22, but it is seen in its new form
to be the ordinary double parallel ruler with three added
links. Fig. 24. is a figure of a double parallel rule made
on this plan with a slight modification. If the bottom
ruler be held horizontal the top moves vertically up and
down the board, having no lateral movement.
While I am upon this sort of movement I may point

out an apparatus exhibited in the Loan Collection by
Prof. Tchebicheff which bears a strong hkeness to a com-
plicated camp-stool, the seat of which has horizontal mo-
tion . The motion is not strictly rectilinear ; the apparatus
being, as will be seen by observing that the thin line in

the figure is of invariable length, and a link might there-

fore be put where it is, a combination of two of the parallel

motions of Prof. Tchebicheff given in Fig. 4, with some
Imks added to keep the seat parallel with the base. The
variation of the upper plane, from a strictly horizontal
movement is therefore double that of the tracer m the
simple parallel motion.

Fig. 26 shows how a similar apparatus of much simpler
construction employing the Tchebicheff approximate
parallel motion can be made. The lengths of the links

forming the parallel motion have been given before
(Fig. 4). The distance between the pivots on the moving
seat is half that between the fixed pivots, and the length
of the remaining link is one-half that of the radial links.

An exact motion of the same description is shown in

Fig. 27. O, C, O', P are the four foci of the quadriplane
shown in the figure m which the links are bent through a
right angle, so that O C ' O P is constant, and C O P a right

angle. The focus O is pivoted to a fixed point, and C is

made by means of the extra link Q C to move in a circle of
which the radius Q C is equal to the pivot distance O Q.
P consequently moves in a straight line parallel to O Q,
the five moving pieces thus far described constituting the
Sylvester-Kempe parallel motion. To this are added the
moving seat and the remaining link R O', the pivot dis-

tances of which, P R and R O', are equal to O Q. The
seat in consequence always remains parallel to O O, and
as P moves accurately in a horizontal straight line, every
point on it will do so also. This apparatus might be used
with advantage where a very smoothly-working traversing

table is required.

{To be continued.)

SPONTANEOUS GENERATION'
'T'HE investigation embodied in the memoir now

-*• .submitted to the Society was opened in the
summer of 1876 by a series of tentative experiments
en turnip-infusions, to which were added varying quan-
tities of bruised or pounded cheese. I was soon, how-
ever, drawn away from them to other experiments on
infusions of hay. With this substance no difficulty was
encountered in my first inquiry. Boiled for five minutes,
and exposed to air purified spontaneously or freed from
its floating matter by calcination or filtration, hay in-

fusion, though employed in multiplied experiments at

various times, never showed the least competence to

kindle into life. After months of transparency, I have,
in a great number of cases, inoculated this infusion with
the smallest specks of animal and vegetable liquids con-
taining Bacteria, and observed twenty-four hours after-

wards, its colour lightened, and its mass rendered opaque
by the multiplication of these organisms.

But in the autumn of 1876, the substance with which I

had experimented so easily and successfully a year
previously, appeared to have changed its nature. The
infusions extracted from it bore in some cases not only
five minutes' but fifteen minutes' boiling with impunity.
But on changing the hay a different result was often

obtained. Many of the infusions extracted from samples
of hay purchased in the autumn of 1S76, behaved exactly

like those extracted from the hay of 1S75, being com-
pletely sterihzed by five minutes' boiling.

To solve these discrepancies, numerous and laborious

experiments were executed with hay derived from different

localities, and by this means in the earlier days of the
inquiry, it was revealed that the infusions which mani-
fested this previously unobserved resistance to steriUza-

tion were, one and all, extracted from old hay, while the
readily sterilized infusions were extracted from new hay,
the germs adhering to which had not been subjected to

long-continued desiccation.
I then fell back upon infusions whose deportment had

^ " Further Researches on the Deportment and Vital Resistance of Putre-
f-ictive and Infective Organisms, from a Physical Point of View." By John
lyndall, LL.D., F.R.S., Professor of Natural Philosophy in the; Royal
1 natitutioa. —Abstract.
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been previously familiar to me, and in the sterilization of

which I had never experienced any difficulty. Fish, flesh,

and vegetables were re-subjected to trial. Though the

precautions taken to avoid contamination were far more
stringent than those observed in my first inquiry, and
though the interval of boiling was sometimes tripled in

duration, these infusions, in almost every instance, broke

down. Spontaneously purified air, filtered air, and cal-

cined air,—calcined, 1 may add, v/ith far greater severity

than was found necessary a year previously,— failed, in

almost all cases, to protect the infusions from putrefaction.

I had the most implicit confidence in the correctness of

my earlier experiments ; indeed, incorrectness would have

led to consequences exactly opposite to those arrived at.

Errors of manipulation would have filled my tubes and
flasks with organisms instead of leaving them transparent

and void of life. By the unsuccessful experinvents above

referred to a clear issue was therefore raised : Either the

infusions of fish, flesh, and vegetable had become en-

dowed in 1876 with an inherent generative energy which

they did not possess in 1875, ""^ some new contagium ex-

ternal to the infusions, and of a far more obstinate cha-

racter than that of 1875, had been brought to bear upon
them. The scientific mind will not halt in its decision

between these two alternatives.

For my own part the gradual but irresistible interaction

of thought and experiment rendered it at first probable,

and at last certain that the atmosphere in which I worked
had become so virulently infective as to render utterly

impotent precautions against contamination, and modes
of sterilization, which had been found uniformly successful

in a less contagious air. I therefore removed from the

laboratory, first to the top, and afterwards to the base-

ment of the Royal Institution, but found that even here,

in a multitude of cases, failure was predominant, if not

uniform. This hard discipline of defeat was needed to

render me acquainted with all the possibilities of infection

involved in the construction of my chambers and the

treatment of my infusions.

I finally resolved to break away from the Royal Insti-

tution, and to seek at a distance from it a less infective

atmosphere. In Kew Gardens, thanks to our President,

the requisite conditions were found. I chose for exposure

in the Jodiell laboratory the special infusions which had
proved most intractable in the laboratory of the Royal
Institution. The result was that liquids which in Albe-

marle Street resisted two hundred minutes boiling, be-

coming fruitful afterwards, were utterly sterilised by five

minutes' boiling at Kew.
A second clear issue is thus placed before the Royal

Society :— Either the infusions had lost in Kew Gardens
an inherent generative energy which they possessed in

our laboratory, or the remarkable instances of life deve-

lopment, after long-continutd boiling, observed in the

laboratory are to be referred to the contagium of its air.

With a view to making nearer home experiments similar

to those executed at Kew, I had a shed erected on the

roof of the Royal Institution. In this shed infusions were
prepared and introduced into new chambers of burnished

tin, which had never been permitted to enter our labora-

tory. After their introduction the liquids were boiled for

five minutes in an oil-bath.

The first experiment in this shed resulted in complete
failure, the air of the shed proving to be sensibly as in-

fective as the air of the laboratory.

Either of two causes, or both of them combined, might,

from my point of view, have produced this result. First,

a flue from the laboratory was in free communication with

the atmosphere not far from the shed ; secondly, and this

was the real cause of the infection, my assistants in

preparing the infusions, had freely passed from the

laboratory to the shed. They had thus carried the con-
tagium by a mode of transfer known to every physician.

The infected shed was disinfected ; the infusions were

again prepared, and care was taken, by the use of proper
clothes, to avoid the former causes of contamination.

The result was similar to that obtained at Kew, viz.,

organic liquids which in the laboratory withstood two
hundred minutes' boiling, were rendered permanently
barren by five minutes' boiling in the shed.

A third clear issue is thus placed before us, which
I should hardly think of formulating before the Royal
Society, were it not for the incredible confusion which
apparently besets this subject in the public mind. A rod
thirty feet in length would stretch from the infusions in

the shed to the same infusions in the laboratory. At one
end of this rod the infusions were sterilized by five

minutes' boiling, at the other end they withstood two
hundred minutes' boiling. As before, the choice rests

between two inferences:—Either we infer that at one end
of the rod animal and vegetable infusions possess a
generative power, which at the other end they do not

possess ; or we are driven to the conclusion that at the

one end of the rod we have infected, and at the other end
disinfected air.

The second inference is that which will be accepted by
the scientific mind. To what, then, is the inferred dif-

ference at the two ends of the rod to be ascribed? In

one obvious particular the laboratory this year differed

from that in which my first experiments were made. On
its floor were various bundles of old and desiccated hay,
from which, when stirred, clouds of fine dust ascended
into the atmosphere. This dust proved to be both fruitful

and in the highest degree resistant. Prior to the intro-

duction of the hay which produced the dust, no difficulty

as regards sterilization had ever been experienced ; sub-

sequent to its introduction my difficulties and defeats

began.
In these and numerous other experiments a method

was followed which had been substantially employed by
Spallanzani and Needham ; and more recently by Wyman
and Roberts, the method having been greatly refined by
the philosopher last named. The flasks containing the
infusions were only partially filled, the portions unoccupied
by the liquids being taken up with ordinary unfiltered air.

Now as regards the death-point of contagia, we know
that in air it is higher than in water, the self-same

temperature being fatal in the latter and sensibly harm-
less in the former. Hence my doubt whether, in my
recent experiments, the resistance of the contagium did
not arise from the fact that it was surrounded, not by
water but by air.

I changed the method, and made a long series of

experiments with filtered air. They were almost as un-
successful as those made with ordinary air.

One source of discomfort clung persistently to my mind
throughout these e.xperiments. I was by no means cer-

tain that the observed development of life was not due to

germs entangled in the film of liquid adherent to the

necks and higher interior surfaces of the bulbs. This film

might have dried, and its genns, surrounded by air and
vapour, instead of by water, might on this account have
been able to withstand an ordeal to which they would
have succumbed if submerged.
A plan was, therefore, resorted to by which the infu-

sions were driven by atmospheric pressure through lateral

channels issuing from the centres of the bulbs. As before,

each bulb was filled with one-third of an atmosphere of

filtered air, and afterwards heated nearly to redness.
When fully charged, the infusion rose higher than the
central orifice, and no portion of the internal surface was
wetted save that against which the liquid permanently
rested. The lateral channel was then closed with a
lamp without] an instant's contact being permitted to

occur between any part of the infusion and the external
air. It was thus rendered absolutely certain that the

contagia exposed subsequently to the action of heat were
to be sought, neither in the superjacent air nor on the in-
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terior surfaces of the flasks, but in the body of the infu-

sions themselves.
By this method I tested in the first place the substance

which, at an early stage of the inquiry, had excited my
suspicion—without reference to which the discrepancy

between the behaviour of infusions examined in the winter

of 1875-76 and those examined in the winter of 1876-77 is

inexplicable, but by reference to which the explanation of

the observed discrepancy is complete— I mean the old

hay which cumbered our laboratory floor.

Four hours' continuous boiling failed to sterilise bulbs

charged with infusions of this old hay. In special cases,

moreover, germs were found so indurated and resistant,

that five, six, and in one case even eight hours' boiling

failed to deprive them of life. All the difficulties en-

countered in this long and laborious inquiry were traced

to the germs which exhibited the extraordinary powers of

resistance here described. They introduced a plague
into our atmosphere—the other infusions, like a smitten

population, becoming the victims of a contagium foreign

to themselves.'

It is a question of obvious interest to the scientific

surgeon whether those powerfully resistant germs are

amenable to the ordinary processes of disinfection. It

is perfectly certain that they resist to an extraordinary

extent the action of heat. They have been proved com-
petent to cause infusions, both animal and vegetable, to

putrefy. How would they behave in the wards of a

hospital ? There are, moreover, establishments devoted
to the preserving of meats and vegetables. Do they
ever experience inexplicable reverses. I think it certain

that the mere shaking of a banch of desiccated hay in

the air of an establishment of this character might render
the ordinary process of boiling for a few minutes utterly

nugatory, thus possibly entailing serious loss. They
have, as will subsequently appear, one great safeguard in

the complete purgation of their sealed tins of air.

Keeping these germs and the phases through which
they pass to reach the developed organism clearly in view,

I have been able to sterilise the most obstinate infusions

encountered in this inquiry by heating them for a minute
fraction of the time above referred to as insiifficiciitlo steri-

lise them. The fully developed Bacterium is demonstrably
killed by a temperature of 140° F. Fixing the mind's eye

upon the germ during its passage from the hard and resist-

ant to the plastic and sensitive state, it will appear in the

highest degree probable that the plastic stage will be
reached by different germs in different times. Some aie

more indurated than others and require a longer immer-
sion to soften and germinate. For all known germs there

exists a period of incubation during which they prepare

themselves for emergence as the finished organisms which
have been proved so sensitive to heat. If during this

period, and well within it, the infusion be boiled for even
the fraction of a minute, the softened germs which are

then approaching their phase of final development will be
destroyed. Repeating the process of heating every ten or

twelve hours, and before the least sensible change has

occurred in the infusions, each successive heating will

destroy the germs then softened and ready for destruc-

tion, until alter a sufficient number of heatings the last

living germ will disappear.

Guided by the principle here laid down, and applying

the heat discontinuously, infusions have been sterilised

by an aggregate period of heating, which, fifty times

multiplied, would fail to sterilise them if applied continu-

ously. Four minutes in the one case can accomplish

what four hours fail to accomplish in the other.

If properly followed out the method of sterilisation here

described is infallible. A temperature, moreover, far be-

low the boiling point suffices for sterilisation.

Another mode of sterilisation equally certain, and per-

'. ' A hard and wiry hay irom Guildford, which I have no reason to consider

was found very di&cult to sterilise.

haps still more remarkable, was forced upon me, so to

speak, in the following way :— In a multitude of cases a
thick and folded layer of fatty scum, made up of matted
Bacteria, gathered upon the surfaces of the infusions, the

liquid underneath becoming sometimes cloudy throughout,

but frequently maintaining a transparency equal to that

of distilled water. The living scum-layer, as Pasteur has
shown in other cases, appeared to possess the power of

completely intercepting the atmospheric oxygen, appro-

priating the gas and depriving the germs in the liquid

underneath of an element necessary to their development.
Above the scum, moreover, the interior surfaces of the

bulbs used in my experiments were commonly moistened
by the water of condensation. Into it the Bacteria some-
times rose, forming a kind of gauzy film to a height of an
inch or more above the liquid. In fact, wherever air was
to be found, the Bacteria followed it. It seemed a neces-

sity of their existence. Hence the question, What will

occur when the infusions are deprived of air .'

I was by no means entitled to rest satisfied with an
inference as an answer to this question ; for Pasteur, in

his masterly researches, has abundantly demonstrated

that the process of alcoholic fermentation depends on the

continuance of life without air—other organisms than

Toriila being also shown competent to live without

oxygen. Experiment alone could determine the effect of

exhaustion upon the particular organisms here under

review. Air-pump vacua were first employed, and with a

considerable measure of success. Life was demonstrably

enfeebled in such vacua.

Sprengel pumps were afterwards used to remove more
effectually both the air dissolved in the infusions and that

diffused in the spaces above them. The periods of ex-

haustion varied from one to eight hours, and the results

of the experiments may be thus summed up :—Could the

air be completely removed from the infusions, there is

every reason to believe that sterilisation without boiling

would in most, if not in all cases, be the result. But,

passing from probabilities to certainties, it is a proved

tact, that in numerous cases unboiled infusions deprived

of air by five or six hours' action of the Sprengel pump
are reduced to permanent barrenness. In a great number
of cases, moreover, where the unboiled infusion would

have become cloudy, exposure to the boiling temperature

for a single minute sufficed completely to destroy the life

already on the point of being extinguished through defect

of air. With a single exception, I am not sure that any

infusion escaped steriUsation by five minutes' boiling after

it had been deprived of air by the Sprengel pump. These

five minutes accomplished what five hours often failed to

accomplish in the presence of air.

The inertness of the germs in hquids deprived of air is

not due to a mere suspension of their powers. They are

killed by being deprived of oxygen. For when the air

which has been removed by the Sprengel pump is, after

some time, carefully restored to the infusion, unaccom-

panied by germs from without, there is no revival of life.

By removing the air we stifls the hfe which the returning

air is incompetent to restore.

AGRICULTURAL EXPERIMENTS AT
WOBURN

IN the autumn of 1875 Mr. C. Randell proposed to the

Council of the Royal Agricultural Society that it be

referred to the Chemical Committee to consider the

propriety, and the manner, of instituting a series of

experiments, to test the accuracy of the estimated value of

manure obtained by the consumption of different articles

of food, as given in Mr. Lawes' paper, in the Spring

Number of the Journal of the Society.

As it was decided that experiments by practical farmers

in different districts could not be relied on, the Duke of
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Bedford very kindly offered to afford facilities for making
new experiments at his own cost.

Mr. Lawes and Dr. Voelcker were requested to draw
up a scheme for carrying on, at Woburn, such experiments

as they, in communication with the Chemical Committee,
might determine on. His grace offered to give up for the

purpose Crawley Mill Farm, comprising about ninety

acres, with the house and buildings. But, on examination,

it was found that there was no sufficient area on that farm

so even in character, and in condition, of soil, as to render

it available for a considerable series of comparative field

experiments. Eventually, after inspection of many others,

a large field of much more suitable land was selected, on
Birchmoor Farm. Crawley Mill Farm is, however, also

retained, as a means of providing a residence for the

Superintendent of the experiments, the requisite buildings,

and the opportunity of having at command the necessary

horse and hand labour for the experiments. Mr. P. H.
Cathcart, formerly at the Royal Agricultural College,

Cirencester, has been appointed the Resident Superin-

tendent of the experiments.

As experiments to determine the value of the manure
obtained by the consumption of purchased foods ob-

viously involved the necessity of feeding animals under
conditions in which the manure could be collected with

as little loss as possible, the Duke of Bedford has

erected eight very complete feeding boxes, in which
the manure for the experimental barley and root crops

recently sown has been made.
The field devoted to the field experiments has an area

of twenty-seven acres ; the soil has been carefully tested

all over, and an account taken of the history of the field

since 1S74.

It was considered important, especially with reference

to valuations under the Agricultural Holdings' Act, to

add, if possible, to our knowledge of the manure-value of

both artificial manures and consumed feeding stuffs ; and
it was decided, therefore, both to compare the effects of

the manure obtained by the consumption of selected pur-

chased foods, with those obtained by artificial manures
estimated to supply the same constituents, and also to

determine the effects of dung and artificial manuring sub-

stances, applied year after year, on the Woburn soil, and
to compare these with the results obtained for so many
years, with the same manures, on the very different soil at

Rothamstcd. Accordingly, 2^ of the six acres where wheat
had been grown in 1876, after tares and turnips, each fed

with cake, are devoted to the continuous growth of wheat,

and 2j acres to the continuous growth of barley. In each
case the area is divided into eleven plots, of a quarter of

an acre each.

The description and quantities of the manures for these

experiments have been so carefully selected that in the end
valuable results must be obtained as to the comparative
value of various kinds of artificial manure as compared with

farmyard manure, the constituents of which are accurately

known. Two of the plots are unmanured ; seven are

manured with artificial manure of more or less compli-

cated composition, and two with farmyard manure esti-

mated to contain different proportions of nitrogen. In
connection with the farmyard manure an accurate record

is kept of the kinds and quantities of food from which it

is produced, as also of the increase in the live-weight of

the stock thus fed.

Besides these continuous experiments a series of rota-

tion experiments—seeds, wheat, roots, barley, in succes-

sive years from 1S77 to 1881—are to be carried out. The
stock which is to supply the farmyard manure for these

experiments is to be fed with decorticated cotton-cake,

which among purchased feeding stuffs has a very high
manure value, and maize-meal, which has a very low ma-
nure value. The eftects of the manures obtained by the

consumption of these foods will be compared with those

of artificial manures supplying, in one case the same

amount of nitrogen, potass, phosphoric acid, &c., as is

estimated to be contained in the manure from the cotton-
cake consumed, and in another the same as in that from the
maize-meal consumed. Accordingly, (our feeding experi-
ments have been conducted, in each of which the same
amount of litter has been used, and the same amount of
roots, and the same amount of wheat-strawchaff consumed.
In Experiment i, 1,000 lbs. decorticated cotton-cake were
given in addition ; and in Experiment 2, 1,000 lbs. maize-
meal. In Experiments 3 and 4 no purchased food was
given ; but in Experiment 3 artificial manures estimated
to contain the same amount of the chief constituents as
the manure from 1,000 lbs. of cotton-cake, and in Experi-
ment 4 the same as from 1,000 lbs. maize-meal, will be ap-
plied to the land, in addition to the root and chaff manure.

Four areas of four acres each have been devoted to these
rotation experiments, eight of them coming into exact
experiment this year, and the remaining eight in 187S.

Each area of four acres is again divided into four plots,

each of the latter sub-divisions bearing the same crop
during the rotation of four years, but undergoing different

treatment in the way of manure. For example, rotation

No. I, now vmder seeds, is treated as follows. Each plot

is being separately fed by sheep. Plot i with cotton-

cake ; Plot 2 with maize-meal ; and Plots 3 and 4 without
purchased food. But, for the succeeding wheat, artificial

manure estimated to contain nitrogen, and other consti-

tuents, in amounts equal to those in the manure from the
consumed cotton-cake, will be applied to Plot 3, and
artificial manure, equal to that from the consumed maize-
meal will be applied to Plot 4. For the roots in 1879 (suc-

ceeding the wheat), the 4 acres will be manured as already
described, and barley will complete the course in 1880.

The other rotations are so treated as at the end of the

four years to yield a collection of data that must be of the
highest value in agricultural chemistry, and therefore to

practical agriculture. In a " Statement" as to the objects

and plan of the experiment which lies before us, full

details are given on all points, and carefully constructed
tables relatmg to every stage of the experiments, which
show that all possible care has been taken to secure

accuracy and practical utility in the results. The expe-

riment will no doubt be anxiously watched by all in-

terested in scientific agriculture.

NOTES
Prof. Frankland, D.C.L., F.R.S., has now in the press

a volume containing his collected researches in Pure, Applied,

and Physical Chemistry, dedicated to Prof. Bunsen, of Heidel-

berg. The section on Pure Chemistry treats, amongst other

matters, of the Isolation of the Organic Radicals, and the Dis-

covery of Organo-Metallic Bodies, and their A pplication to the

Synthetical Production of Organic Compounds. In the section

devoted to Applied Chemistry, the author describes his Investi-

gations on the Manufacture of Gas for Illuminating Purposes ; on

the Qualities of Potable Waters ; and on the Treatment of the

Sewage of Towns. Physical Chemistry includes his Experiments

upon Flames, and upon the Source of Muscular Power, to-

gether with those on the Spectra of Gases and Vapours. Each

chapter is preceded by introductory remarks, having reference

to the scope, object, and future development of the subject

treated of. Mr. Van Voorst is the publisher.

A MOVEMENT has been commenced in Spain for the formation

of an association similar to the British Association. The Madrid

Societies of Natural |Ilistory, Anthropology, and Geography

have appointed a joint commission to consider how best to

organise an annual meeting in different parts of the kingdom for

the purpose of investig.ating matters of scientific interest within

the domain of these societies, and also to arrange for the publi-

cation of the results that may thus be obtained. A movement
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like this leads one \o hope that a fair future is yet in store for

Spain.

It is probable that the Sixth Congress of Russian Naturalists

will not be held this year, the Government not having granted a

sum of money for the expenses of the Congress, and private help

being unlikely to be forthcoming on account of the war.

The fifth session of the International Congress of the Medical

Sciences will be held at Geneva, from September 9 to 15. In

connection with the Congress there will be an exhibition of new
apparatus and instruments used in medicine, surgery, physiology,

&c. Articles for exhibition should be sent free of all charges to

the "Direction de I'Exposition du Congres Medical ; Dr. J. L.

Reverdin, place du Lac, Geneva." Intending exhibitors should

intimate before August 15 what space they are likely to require.

We hope shortly to give an account of the proceedings which

took place in connection with the recent Gauss centenary

celebration. We may here state that the festival speech was
delivered by Prof. Dr. Sommer, that a sketch for a monument
by the Berlin sculptor, Schaefer, was exhibited in the Festival

Hall, and that his Majesty, the Emperor of Germany, was a

contributor to the Memorial Fund. The following pamphlets

have appeared:—" Briefe zwischen A. von Humboldt und
Gauss. Herausgegeben von Dr. K. Bruhns ;" "Gauss. Ein

Umriss seines Lebens und Wirkens. Von F. A. T. Winnecke;"
" Uber die Anzahl der Ideal-Classen in den verschiedenen

Ordnungen eines cndlichen Kbrpers. Von R. Dedekind." The
committee also intend to publish an account of Gauss's relations

with Brunswick.

Francb appears to be becoming more and more anxious to

do honour to her science worthies by the erection of statues. A
statue to Arago is being erected at Perpignan, in the department

of Orientales Pyrenees. Another to Niepce de .Saint-Victor, a

name well known in connection with improvements in photo,

graphy, will be erected at Chalons, his native place, by public

subscription, at the instance of the Municipal Council of the city.

It is also stated that a public subscription will be opened at

Lyons on behalf of Ampere, the inventor of the electro-magnet,

and the precursor of Faraday in the invention of the inductive

electricity. Ampere was bom in that city in 1775, and his

father was guillotined there on the Place des Terraux for having

been active in the great royalist rebellion against the Convention^

which ended in the famous siege of Lyons and his capture by

Dubois-Crance.

At the usual fortnightly meeting of the Royal Geographical

Society on Monday, a paper on " Journeys up the Niger and

Notes on the Neighbouring Countries," by Bishop Crowther, was

read. The paper, which dealt with the journeys of Bishop

Crowther in Western Africa, between 1841 and 1871, described

the character of the liver Niger, the villages of the natives upon

its banks, the tribes scattered about the neighbouring countries,

&c. It was remarked that the actual extent of the delta of the

liver was still uncertain, but the lecturer inclined to the opinion

that the affluents of the river, and particularly the Benuwe, on

the south bank, if traced to their source would lead to a rich

field of discovery. What might be called the delta of the river

was a vast tract of marshy country extending along a coast line

of 120 miles, and probably in parts some 150 miles in breadth.

In the course of the journey of some 700 miles no less than

thirteen tribes, speaking as many ditferent languages, were met

with. Ten of the tribes appeared to be of the same family, and

might be classed as aboriginal. The Housas were a tribe spread

in the widest direction, and the territory in which their language

was spoken appeared to be more considerable than any in Africa.

It was a beautiful language, and had become to Africa what

French is to Europe. The other important language of that part

of Africa was the Fulah. The Filanis were a remarkable people

who had conquered extensive parts far to the south of the river

Benuwe. Dr. Barth stated that he had been told by natives of the

interior that in bygone d.iys an ancient kingdom called Ghanata
had existed. The trade routes which meet the Egga on the

Niger were important ; the chief came from the north, from

Tripoli, across the Sahara, with European produce on camels to

the Nupe kingdom, where it was distributed in the neigh-

bouring countries. It has been resolved by the Church Mission-

ary Society to send out a small steamer, drawing only three feet

of water, to push further into the interior, and afford assistance

to Bishop Crowther to carry the missionary work more com-

pletely among the natives.

A Museum of Science and Arts has been established at St.

Louis, U.S.

We are glad to learn that the experiments with Jablochkoff's

Electric Light are to be repeated at the West India Dock to-

morrow evening. We hope all will go well and fairly on this

occasion so as to allow a real test to be made of the practical

utility of the mvention.

An Italian optician established in Paris has constructed a very

sensitive metallic thermometer on a new principle. The dila-

tions of a small sheet of platinised silver are amplified by means
of a system of levers, and the motion is communicated to a needle

on a dial, on which degrees are marked. The motion of the

needle is almost instantaneous. The apparatus has been tested

in the "Ville de Paris," a new balloon sent up on June 3 at

Paris.

The St. Petersburg Society of Naturalists has intrusted Pro-

fessors Fr. Schmidt and Inostrantseff with a geological explo-

ration of the Valley of the Neva, from Schliisselburg down to

the Finnish Gulf. From the interest possessed by the glacial

accumulations in this valley, as well as the qualifications of both

professors for this special subject, we may expect much new light

on the question of the glaciation of Northern Russia.

The Turkestan Gazette gives the latest news from M. Prshe-

valsky, dated from Lob Nor, February 22. After having

reached this lake by the valley of the Lower Tarim, M. Prshe-

valsky advanced 130 miles east of the lake. The survey and

the astronomical measurements of latitudes and longitudes he

has made give a totally new aspect to the map of the country.

The population on the banks of the Tarim and around the Lob
Nor is very sparse ; the people speak almost the same language

as that of Eastern Turkestan. The flora and fauna of the locality

are very poor ; some vegetation is found only in the Tarim valley,

the neighbourhood being a true desert. Duiing February and

March M, Prshevalsky was to stay in the Lower Tarim, during

May at Yuldus, and during June at Kunghes. About the begin-

ning of July he proposes to return to Kuldsha to begin in

August his journey to the Tibet.

The Gardener''s Chronicle learns that it is proposed to erect at

Ootacamund, in the Neilgherry Hills, a statue of the late Mr.

Maclvor, to whom the successful cultivation of Cinchona on

those Indian slopes is so pre-eminently due.

We see from the Report of the Auckland (New Zealand) In-

stitute for 1875-7, that that society is in a flourishing con-

dition, and that during the year thirteen papers on subjects of

scientific importance in connection with the Colony were read.

About a year ago a fine new museum was opened, the cost of

building having been 4,000/., halt of which was raised by private

subscription and half obtained as a grant from the New Zealand

Government.

At a recent meeting of the St. Petersburg Technical So-

ciety, M. Chikolef made an interesting communication as to
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the experiments recently made at St. Petersburg for determining

the lighting power of the electrical light at great distances. The
power of the light is notably increased by covering the carbon of

the lamp with a thin sheet of copper (one-sixteenth of the

diameter of the carbon at its upper part, and from one-forty-eighth

to one-sixty- fourth in its lower part). It depends also upon the

direction given to the carbon, the best being to turn the cup

towards the object to be lighted. The great machine of Alteneck,

with a carbon of 12 millim. of diameter, gave a jnaximuni of

light equal to 10,210 csndles, and a mean of 5,739 candles;

whilst with a carbon of 10 millim., but galvanised, it gave a

maximum of 16,255 candles (20,275 when the cup is turned as

above) and a mean of 14,039 candles. The light was sufficient

to make objects visible (fur military purposes) at a distance of

3,oSo yards. Of many machines used, the most economical

proved to be the great one of Alteneck.

The Society for Improvement of Public Health in Utrech*,

offers a prize of 100 gulden for the best work on the liquid ma-

nure of stables, giving (i) an accurate account of the literature

of the subject
; (2) a description of original experiments on the

means nf obtaining from h'^rse urine diluted with water, products

which, either as m.mure or as a chemical preparation, may be

hrou^iht into cummi-rce in comparatively large quantities
; (3)

full numerical tables on quantitative chemical analyses made
;

(4) a thnrough treatment of the financial side of the question.

The memoirs may be written in Dutch, German, French, or

English, and are to be sent, with sealed envelope and motto, to

Prof. Dr. Th. Mac Gillvory, Director of the Veterinary School

jn Utrecht, before September, 1S78.

The very interesting discoveries in prehistoric archaeology

made by M. Kibalchich at Kief, were the subject of his last

communication at the Russian Archaeological Society. The
numerous caves in the limestone on the banks of the

Dnieper seem to have been a favourite haunt of men, even

during the first ten centuries of our era. Very important

objects have been found in these caves dating from the time of

the introductiun of Christiarity in Russia, showing a remark-

able mixture of articles used in Pagan and in Christian worship,

establishing a link between Christian and Indian religious sym-

bols. We notice especially those caves at Kief which date from

the earliest stone period. They are very long, sinuous, but

narrow, and contain great quantities of the plainest stone

weapons and stone pearh. together with burned bones of various

animals. Some facts lead us to in''er the exi-tence of lake-dwell-

ings in the vicinity. Close to these oldest dwelling-places there

exists a profusion of conic mounds of boulders and koorgaiies

(high mounds of earth), or burial-places, coming from times

anterior to the introduction of Christianity in Russia. They con-

tain skeletons, o'ten without skulls, which are buried sepa-

rately, and a variety of weapons and utensils. The number of

such burial-places at Kief and in its neighbourhood is very large.

One cemetery of that epoch occupies twenty-three acres in the

Fundukley Street, without reckoning the numerous "kitchen-

moands." The objects excavated by M. Kibalchich will form,

it is hoped, the nucleus of an archaeological museum to be

opened at Kief. The excavations are to be continued.

The Panama Star and Herald o{ the 21st ult., states that the

destructive tidal wave experienced at Callao and the ports to

the north of that place extended as far south as the northern

boundary of Chili, but how much further south was not known,

as the telegraph communication had been interrupted. The
almost complete destruction was reported of Antofagasta, Iquique,

Arica, Tambo do Moro, Pabellon de Pica, and IIo. Severe

ihocks of earthquake wet e felt, but they caused little damage.

The destruction of life and property was caused by the frightful

upheaval and ingress of the sea. At Arica the sea washed over

the town to the hill at the back of the church and destroyed

much valuable property. The wreck of the United States

steamer Wakrce, carried inland a couple of miles by the tidal

wave of 1S6S, was again floated, and carried a mile or two
further up the coast. The" sea in some places rose over sixty

feet, and the destruction of life and property is believed to have
been enormous.

The final report of the Sub-Wealden Exploration has just

been issued by Mr. H. Willett. He reports that the depth
attained on December 21 last year was 1,823 feet, and on April

12, 1,905 feet. On the last-mentioned date a letter was sent by
the Diamond Boring Company, staling they used the best

endeavours to reach a depth of 2,000 feet and had fai'ed, owing
to the want of lining permitting the hole to fall in on the rods

and jambing them. Mr. Willett writes :—" The Sub-Wealden
exploration is, therefore, brought to a close, and has proved

conclusively that in the lowest part of the Wealden area no
pala'ozoic rocks exist within 1,900 feet of the surface. That the

search was justified, and that the scientific deductions of Prof.

Prestwich, F. R.S. , were entitled to the highest consideration

may be found in the fact that palaeozoic rocks of the Devonian
period have been discovered (containing spiriferae) in the boring

made at the brewery of Sir Henry Meux and Co., at the corner

of Tottenham-Court Road London." Mr. Willett adds : "The
search should undoubtedly be further promoted in the valley

of the Thames and _at other points in the south-east of Eng-
land."

M. FerdinandoTuMMASI has recently constructed a " ther-

modynamic motor," in which vrork is done by the mere dilata-

tion of a liquid (oil) without change of state.

Mr. Samuel Highley writes us: -"In connection with

Mr. Atkinson's letter as to the phenomena connected with

Japanese mirrors, and the question as to their method of manu-

facture, a few years ago Prof. Pepper exhibited the reflected

figure formed by these specula when illuminated by a beam of

oxyhydrogen light upon the screen at the Polytechnic Institution.

In his ' Cyclopn:dic Science' the question of the method of the

production of such mirrors is fully discussed. During the time

the Japanese mirrors were being exhibited at the Polytechnic,

an English brass-worker tried to solve the problem and appa-

rently discovered the secret of the Japanese makers. He found

that taking ordinary brass and stamping upon its surface with

any suitable die, not once, but three times in successon, upon

exactly the same spot, grinding down and polishing between

each act of stamping, a molecular difference was established

between the stamped and unstamped part«, so that images of the

pattern could be reflected from the finally-polished surface, just

as with the Japanese specula, though no difference of surface

could be detected by the eye. One operation did not produce

this result. Mr. James Princeps published an account of his

investigations on this subject in the yournal of the Asiatic

Society, vol. i., p. 242. He gives as the result of his anylysis of

the Japanese alloy, copper, 80 parts; tin, 20— 100; with no

traces of silver or arsenic, but a slight indication of zinc. He
supposed that the phenomena resulted from dilTerence of density

produced by means of stamping, and that the thinnest parts, from

being the hardest, should give the stronger reflection."

In the last number of the Transactions of the Institution of

Engineers and Shipbuilders in Scotland is a paper read April 24,

by Sir Wm. Thomson, on Compass Adjustment on the Clyde,

the aim of the paper being to show that the Clyde is pre-

eminently suitable for the adjustment of the compasses of ships

under way.

The ninth annual report on the noxious, beneficial, and other

insects of the State of Missouri, by Chas. V. Riley, the State

Entomologist, contains descriptions (with woodcuts) of the fol-
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lowing insects :—The gooseberry span-worm (Eufitchia ribeayia,

Fitch), the imported currant worm {Nematusventrkosus, Klug.),

the native currant worm {Prhtiphora grossular!a:, Walsh), the

strawberry worm (Emphytus maciilalus, Norton), Abbot's white

pine worm {Lop/iyna abbotii. Leach), and LeConte's pine worm

{Lophyrin le contci. Fitch). There is an account of the progress

of the Colorado beetle, the army worm, the wheat-head army

worm, and the Rocky Mountain locust.

Muscular contraction, it is known, is always accompanied

with electric phenomejia ; the difference of electric potential

between two points of a muscle, undergoes a diminution, which>

according to Bernstein, precedes by about i^-j of a second, the

contraction of the muscle. This electric variatwn has been

observed on various muscles, and in particular on the heart {by

Du Bois Reymond and Kuhne), and recently M. Marey has

represented it graphically by photographing the indications of a

Lippmann capillary electrometer. We learn from the Journal

lie Physique, that M. De la Roche has tried the experiment on

the heart of a living man. Two points of the epidermis of the

chest were connected with the poles of a capillary electrometer,

by means of electrodes, formed each of a bar of amalgamated

zinc, with a plug of muslin at its lower end saturated with sul-

phate of zinc. Held with insulating handles, the bars were

applied, one with its plug opposite the point of the heart, under

the left nipple, and the other to another point of the chest. The
mercurial column was then seen to execute a series of very

distinct periodical pulsations synchronous with the pulse ; each

pulsation even marked the double movement of the heart (of the

auricles and ventricles). The amplitude corresponded to about

TuW Daniell.

We have received from Perthes of Gotha a special map o'

Eastern Turkey, by Dr. Petermann, so full of details that for the

war operations on and beyond the Danube, should the Russians

succeed in crossing, we know of no better.

A Russian work, by M. Bogolubsky, on Gold and Gold

Mining in Russia, is worthy of notice. It contains very

interesting information upon that industry in Russia and

Siberia. We observe that the area of gold mines occu-

pies in the Russian empire about 2,100,000 square miles, and

now yields yearly about So.ooolbs. of gold, in value upwards of

3,000,000/. sterling. The total amount of gold produced in

Russia since 175 J has been upwards of 2, 503,000 lbs.

A VERY thorough and exhaustive investigation of the Alaska

region may now be expected, through the agency of Mr. E. W.
Nelson, a well-known naturalist, who has lately proceeded to

Norton Sound, by way of Alaska, to relieve Mr. Turner. He
has been provided with the necessary outfit by the Smithsonian

Institution, and will probably greatly increase the amount of our

knowledge of that interesting country.

We have received from Mr. Stanford "Botanical Tables for

the Use of Junior Students," by Miss Arabella B. Buckley.

There are two tables—one of some common terms used in de-

scribing plants, and the other a table of the chief natural orders

of British plants, arranged according to Bentham and Oliver.

Both tables are well arranged, and seem to us well calculated

to serve the purpose for which they are intended.

M. Meguin has lately been making important researches on
Acarians, and on that strange asexual form called Hypopes, a

form which is not absolutely necessary for reproduction, but

which seems to occur under certain biological conditions, for the

indefinite conservation of the species. In the aerial reservoirs of

birds, especially Gallinace.T?, there breeds an inoffensive species,

which M. Meguin calls A'ytoJiles ^laber, which sends colonies even
into the bronchial branches, and into the marrowless bones oi th«

limbs in communication with the air vessels in birds. Another

harmless acarian is found in the cellular tissue of birds living

and dying there, and persisting after death, surrounded hy a

calcareous tubercle, A third species, which lives normally

between the barbs of the feathers, produces at the time of moult-

ing, and in the skin of the birds, especially domestic and wild

pigeons, a hypopial vermiform nymph. Without this precaution

of nature, the species would be annihilated, by] reason of the

fall of the feathers in the moulting season.

The additions to the Zoological Society's Gardens during the

past week include a Lesser White-nosed Monkey (CercopHkecus

petaurista) from West Africa, presented by Mrs. Cleaver ; a

Common Buzzard {Buteo vulgaris), European, presented by Mr.

F. Buckland ; a Smooth Snake {Coronella Icevis) from Hamp-
shire, presented by Lord Lilford, F.Z. S. ; three Crested Guinea

Fowls {Numida cristala), two Vulturine Guinea Fowls (Ntimida

vulluritia) from East Africa, an Imperial Eagle (Aijuila impi-

rialis) from Turkey, deposited ; four Summer Ducks (Aix sponsa),

bred in the Gardens.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Oxi'ijRD.—In a Convocation held June 5, the decree autho-
rising the expenditure of 7,000/. on the construction and fittings

of new chemical laboratories at the University Museum, to

which we referred p. 94, was introduced by Prof. H. Smith, and
carried on a division by 64 against 42.

A second proposal to grant a sum of 2,400/. for additions to the

University Observatory was carried on a division by 46 placets

to 27 non-placets.

Tlie Trustees of the Johnson Memorial Prize for the encou-
ragement of the study of astronomy propose the following sub-

ject for an essay:—"The History of the Successive Stages of

our Knowledge of NebuLx', Nebulous Stars, and Star-Clusters

from the Time of Sir Wm. Herschel." The prize is a gold

medal of the value of ten guineas, with what remains of the

dividends offour years on 33S/., reduced annuities, after deducting

cost for medals, and other expenses. The essays must be sent

to the Registrar of the University on or before March 31, 1S79,

under the usual conditions.

Cambridge.—A curatorship in the Department of Zoology
at the Museum of the University of Cambridge has just been
estabHshed by the Senate, to which Mr. J. F. Bullar, B.A., of

Trinity College, has been appointed. Mr. Bullar graduated in

the first class of the Natural Sciences Tripos of 1S75, ^"'^ ^^^

been twice nominated by the University to study at tlie Zoological

Station at Naples, where he is at present working.
The various special examinations for the Ordinary B. A.

Degree were held on Friday and Saturday week, when the total

numljer of candidates was 204, while at the corresponding period

of 1 876 the number was igo. Candidates can select one of thefol-

lowing subjects for this final examination, viz.. Theology, Law,
Modern History, Natural Sciences, Moral Sciences, Mechanism,
and Applied Science. The number in each branch of study is

as follows :—Theology, 95, Law, 31, Political Economy, 29;
Modern History, 24 ; Natural Sciences, 21—viz., 13 in

Chemistry, 5 in Botany, 2 in Zoology, i in Geology. In
Mechanism and Applied Science there are four candidates.

Mr. William Napier Shaw, B. A. , has been elected a fellow

of Emmanuel College. He graduated as 1 6th Wrangler in the

Mathematical Tripos of 1876, and obtained a first-class m the

Natural Sciences Tripos, 1877, being distinguished in physics.

London.—The Council of University College have elected

Mr. G. D. Thane Professor of Anatomy for two years.

DoRPAT.—The Annual Report of the Dorpat University
for 1875, gives the number of students at the University as

S15, of whom 86 study theology, 173 jurisprudence, 121 history
and philology, 363 medicine, and 72 physics and mathematics.
The number of professors is 67. The library of the University
numbers 138,924 volumes.

Rugby School Natural History Society.—The Report
of this Society for 1876, shows that it is in a "fairly healthy
condition," to use the words of the preface. A considerable
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proportion of the papers are by members of the Society, as are

also several of the illustrations. The papers are on very varied

subjects and all up to a creditable standard. The preface com-
plains that so few members take an active part in the Society's

proceedings, but, in this respect, the Society is no worse than
others of much greater pretension. Still it would be to the

advantage of the youthful members if the patrons and office-

bearers made every effort to increase the number of actual

workers. We regret that our space prevents us making special

reference to any of the papers. The Botanical Section has
issued a list of local plants, by H. W. Trott, the result of many
years' observation ; this last, we daresay, may be obtained by
any one desiring it. The price is only <jd.

Lc^DON ScHOOL-BoARD DISTRICTS.—Mr. Stanford is pre-

paring for the School-Board of London a series of maps of the

various School-Board districts of the metropolis, which are likely

to possess considerable interest. These maps are on the scale of

six inches to a mile, show the various School-Board subdivisions,

the positions of the schools which have been erected by the

Board, and, in a different colour, of those which are under the

Board's inspection. We have seen the sheet of the Hackney
dis'rict, and no better evidence could be produced of the tho-

roughly good work done by the Board since its institution.

SCIENTIFIC SERIALS
Memorie della SociitH de^li Spcttroscopisti Italiani, January.

—

Note from Prof. Draper on photographing the spectra of Venus
and a Lyrie ; a 2S-inch reflector and a 12-inch refractor are the

instruments used, and an exposure of from ten to twenty minutes.

In the photograph of the spectrum of a Lyrae bands or broad
lines appear in the ultra-violet region totally different to anything
in the solar spectrum.

February.—Letter on the comet Borelly, 1877, Brorsen-
Bruhns, 1857, and the eclipse of the moon of February 27, 1877.
The spectra of the first appears, according to him, to consist of

some carbon compound.—Tables of statistics of protuberances

and spots observed at Rome in the months of January and Feb-
ruary, 1S77.—List of positions on the solar limb in which the

vapour of magnesium was observed from February 20, 1876, to

July 4 of the same year.—In the appendix to this number ap-

pears an ariicle explaining the construction of the several dif-

ferent forms of aneroid barometers.

March.—List of positions on the solar limb in which the

vapour of magnesium was observed from July to November, 1876,

by Prof. Tacchini, and a table for the year showing the frequency
of visibility of the b-\\ixt and 1,474-line, from which it appears
that the latter line is more frequently visible than the former.

Table of positions and size of protuberances observed at Rome
in 1876, by Father Secchi.—Some observations of the zodiacal

light, by Prof A. Serpieri.—Note by Prof Tacchini on Mr. Le
Verrier's researches on the intra- Mercurial planet.—Drawings of

chromosphere for September and October, 1875, made at Rome
and Palermo.

April.—Spots and facula observed spectroscopically and
directly at Palermo in 1S76. This paper consists of the daily

notes of observations of the chromosphere for last year.— Pable
of spots and faculce observed in February and March, 1S77, by
Prof. Tacchini.—Drawings of the chromosphere for October,
November, and December, 1S75, by Secchi, Ferrari, and Tac-
chini, observed at Rome and Palermo.

Journal de Physique, April.—On the cause of the motion in

the radiometer, by M. Gaffie. —On the capillary theory of Gauss
and its extension to the capillary properties of liquid lines, by
M. Lippmann.—New electric lamp, by M. JabloschkotT.—On
the quadrant electrometer of Sir W. Thomson, by M. Benoit.

—Complement to the theory of th« microscope and the dark
chamber, by M. Neyreneuf.—Experiments of static electricity,

by M. Grisson.

May. — On the observation of the infra-red part of the

solar spectrum by means of the effects of phosphorescence, by
M. Edm. Becquerel.—Determination of the polar distance in

magnets, by M. Benoit.—Electric variation produced by con-

traction of the heart in the living man, by M. De la Roche.

—

On a new industrial application of heat, called the thermo-
dynamic motor, by M. Ferd. Tommasi. —On the absorbent
power of moist air, by M. Hoorweg.—On refrigerating mixtures
of snow and sulphuric acid, by M. Pfaundler,

Morphologischts Jahrbuch, vol. iii. Part I.—Oscar Hertwig,
contributions on the formation, fertilisation, and cleavage of the
animal ovum, part second {Hcimopis, Nephdis, Kana teniporaria,
and R. isculenta), 86 pages, 5 plates.—A. Rauber, the fixation

of long bones in joints, and the form of the bones.—W. Molden-
hauer, the development of the middle and outer ear, 56 pages,

4 plates.

Rsale Istituto Lombardo di Sclent! e Lettere, Rendiconti, vol. x.
Fasc. vii.—Two new myceles parasitic on vines, by M. Cattaneo.
—On a cause little estimated in the pathogenesis of some female
diseases, by M. de Giovanni.—The molecular velocity of gas
and the corresponding velocity of sound, by M. Brusotti.

SOCIETIES AND ACADEMIES
London

Chemical Society, June 7.—Dr. Gladstone in the chair.

—

The following papers were read :—On the gases inclosed in
lignite coal and mineral resin from Bovey Ileathfield, by J. W.
Thomas. Four samples were examined, two of which contained
much hydrated oxide of iron in the cleavages. The gases con-
sisted chiefly of carbonic acid, carbonic oxide, nitrogen, and sul-

phuretted hydrogen. In one case sulphur sublimed off in yellow
crystals ; organo-sulphur compounds, mercaptan, sulphide of
allyl, &c., were also present in the gases. The lignites resemble
cannel coal more than any other of the true coals as regards the
occluded gases, but are far less stable, decomposing, in -jacuo,

below 200° C, whilst the true coals resist a temperature of 300"
C. It seems probable that the iron pyrites of true coal have
derived their sulphur from that existing in organic combination
in the plants from which coal is produced.—On apparatus for

gas analysis, by Dr. Frankland. The author proposes to substi-

tute for the india-rubber cork, which has several disadvantages,
at the bottom of the water-cylinder, a cast-iron base through
which the two glass tubes pass, and are firmly clamped by a
wooden clamp ; the latter is screwed to the cast-iron base. The
most important improvement is, however, the removal of the
steel clamps which connect the laboratory and measuring tubes.
These are replaced by a glass cup at the top of the measuring
tube into which fits the drawn-out end of the laboratory tube,
covered with thin sheet-india-rubber ; this flexible joint, when
wetted and covered with mercury, is quite air-tight.—On narco-
tine, cotaminc, and hydrocotarnine. Part V., by Dr. Wright.
The preparation of bromhydrocotarnine hydrobromide, bromo-
cotarnine hydrobromide, and tribromhydrocotarnine hydrobro-
mide is described ; the second of these bodies, when heated to
200° splits into a new base, tarconine, and a large amount of an
indigo-blue substance ; the latter body is very insoluble, but dis-

solves in strong sulphuric acid, forming a magnificent intense

purplish solution. Bromocotarnin crystallises in fine scarlet

crystals. Noropianic acid and other substances were also pre-

pared and their properties examined.—On otto of limes, by
C. H. Piesse and Dr. Wright. A terpene-Iike body boiling at
176° C. was obtained which yielded but little cymene. The
residue in the retort, after standing two to three months, formed
a quantity of crystals. These crystals were investigated and
their composition determined.—On primary normal heptyl alco-

hol and some of its derivatives, by C. F. Cross. Pure cenanthol

was prepared with a specific gravity of 0'823 at 16° C. Pure
heptyl alcohol is colourless, has an agreeable odour, sp. gr. at
0° o'833, boils at 175°. Heptyl chloride, bromide, iodide,

acetate, and tenanthylate were prepared and examined ; their

boiling-points closely agree with those calculated by Schor-
lemmer.—On the transformation of aurin into rosanilin, by
Messrs. Dale and .Schorlemmer. The authors find the spectra
of the hydrochlorides of their new base, and rosaniline quite

identical ; they have also prepared from their base Hofmaim's
violet, aniline blue, and aniline green.

Geological Society, May 23.—Prof. P. Martin Duncan,
F.R.S., president, in the chair.—Richard George Coke, Robert
Slater, and William Swanston were elected fellows of the
Society.—The president read a letter from Mr. C. J. Limbert,
announcing that he had allotted the sum of 500/. to the Geologi-
cal Society out of the 25,000/. left by his father for distribution.

The president further announced that the sum of 500/. had
already been paid to the Society, and would be invested for its

benefit.—The following communications were read ;—Remarks
on the coal-bearing deposits near ErekU, the ancient Heraclea,
Pontus Bithynia, by Rear-Admiral T. A. B.Spratt, C,B., F.R.S,
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—On the structure and affinities of the genus Siphonia, by W.
J. SoUas, F. G. S/ This paper contained, first, a full account of

the history of the genus Siphonia, including a complete list of

its described species, and, next, a description of its general and
minute structure. Its skeletal network was shown to consist of

spicular elements belonging to the Lithistid type of sponges, and
most closely allied in generic details to the recent form Disto-

dervtia polydisctis. Not only in this character but in every other,

Siphonia was shoA-n to approach Discodcrmia so closely as to be
almost identical with it. The mineral replacements which have
affected the siliceous skeleton of Siphonia were then considered.

The paper concluded with a systematic description of the genus.

—

On the serpentine and associated rocks of the Lizard district, by
Rev. T. G. Bonney, F.G.S., fellow and late tutor of St. John's

College, Cambridge. The author stated that considerable doubt
appeared still to exiit as to the true relations of the lizard ser-

pentine and the associated hornblende schists, and as to the

origin of the serpentine. He had carefully examined all the

junctions accessible on the Cornish coast (inland they are gene-

rally obscured). Some of them are concealed by di/>ris, &c.,

but the majority prove beyond doubt that the serpentine is in-

trusive. Further, almost everywhere large fragments of horn-

blende schist are caught up and included in the serpentine. Be-

sides the serpentine there is a large mass of gabbro at Crousa
Down, and many dykes and veins along the east coast almost to the

extremity of the serpentine region. At Coverack Cove, near the

above mass, are gabbros of two ages, the older much resembling

a kind of troktolite. On microscopic examination it proves to

be chiefly plagioclase felspar, augitic minerals (including dial-

lage), and olivine partially converted into serpentine. There is

a red and a green variety. The newer, a coarser variety, ap-

pears to be of the same age as the other veins on the coast, and
connected with the main mass. Some remarkable changes have
taken place in this also. In certain places it exhibits a separa-

tion of its mineral constituents, causing it to resemble a foliated

rock. This is proved to be due to pressure at right angles to

the structure. The minerals also are often changed. The fel-

spar is replaced by a white granular mineral resembling saus-

surite ; the diallage (which occurs sometimes in very large

crystals) is often partially, or even wholly, converted into rather

minute crystalline hornblende. In these specimens there is no
olivine to be distinguished. The great mass, however, is rich in

olivine, yet a weathered specimen from if, resemblmg in aspect

the gabbro of the veins, does not show olivine. Hence the

author believes that in certain cases the olivine, instead of being

converted into serpentine, aids in forming the hornblende.

Further, there are dykes and veins over the same area of a dark

trap. Some of these are augitic, others hornblendic. The
author believes that at any rate in certain of these the horn-

blende is of secondary formation. On the west coast are veins of

granite ; those on the east coast, said to be granite, prove, on
careful examination, to be altered rock, remarkably like granite

veins, but not really such. In discussing the origin of the ser-

pentine the author called attention to a structure commonly seen,

which appeared to be a true " fluidal structure." He then de-

scribed the result of microscopic examination ofmany specimens of

the lizard and some other serpentines. Commencing with slightly

altered Iherzolite (from the Ariege), he traced the change through

the older gabbro of Coverack to the serpentine rock of that place,

which contains a large quantity of unaltered olivine ; and so to

other serpentines in which the olivine is quite replaced by the

mineral serpentine. He described also the mode of the change.

The other minerals found in the serpentine rock are enstatite,

varieties of augite, and occasionally a fair quantity of picotite,

with, of course, oxides of iron. Hence he concluded that, as

had been already shown as regards some other serpentines, that

of the lizard was the result of the hydrous alteration of an olivine

rock, such as Iherzolite.—On certain ancient devitrified pitch-

stones and perlites from the Lower Silurian district of Shrop-
shire, by S. AUport, F.G.S.

Physical Society, June 9.—Prof G. C. Foster, president,

in the chair.—The following candidates were elected members
of the Society :—Mr. W. H. Northcott and Mr. L. J. Whalley.

—Mr. S. r. Thompson read a paper on interference fiinges

within the Nicol prism. After referring to the original paper

by the inventor in 1S2S, in which this phenomenon was referred

to, he gave a general description of it prior to explaining the

cause. If the " field " of a Nicol be explored by the eye it will

be seen to be bordered on one side by a margin of violet-blue

light, and on the other, when the light passes obliquely through

the prism, by an orange band within which lie a series of coloured
fringes ; these latter are very clearly seen with monochromatic
light, when a second set, within the blue band, also appears.

The author showed that these two sets are due to intetference

taking place within the film of balsam at the critical angle of

total reflexion for ordinary and extraordinary rays respectively
;

they are therefore analogous to the interference bands in a thin

film, placed beneath a prism of a more highly refracting sub-
stance and occurring just within the limit of total internal reflec-

tion, as first observed by Sir \V. Herschel. At the conclusion
of the scientific business of the Society, a special general meeting
was held.

Royal Microscopical Society, June 6.—Dr. Rnbt. Braith-
waite, vice-president, in the chair.—Six new fellows were
elected, and M. L'Abbc Renard was elected an honorary fellow

of the Society.—A paper by the Rev. J. Delsaulx on the thermo-
dynamic origin of the Brownian motion was read by the secre-

tary, and described the observations of the author with regard to

the motion of fluid in rock cavities and molecular motiorr gene-
rally, with a view to establish the theory that it was due to the

action of temperature. The observations had been suggested by
the study of Crookes's radiometer.—A letter I'rom Mr. H. C.
Sorby on the subject was also read to the meeting, and Mr.
Hartley described his experiments which led to the same conclu-

sions. The meeting was then adjourned until October.

Edinburgh

Royal Society, June 4.—Prof Kelland in the chair.—SirC.
Wyville Thomson read a paper on the structure and relations of
the genus Holypus.—Mr. Alexander Buchan, M.A., secretary

to tire Scottish Meteorological Society, communicated the second
part of his investigations of the diurnal oscillations of the baro-

meter. He stated that the summer months of the northern
hemisphere as indicated by the barometer were May, June, and
July, the winter months being November, December, and
January, both corresponding with the sun's declination. He
has now results of the daily barometric readings from upwards
of no stations at dilTerent parts of the earth's surface. His in-

vestigations showed that a long-contmued series of observations
was absoliitely necessary to show the peculiarities of the baro-
metric curve. For instance, three years' observations gave in

the case of Great Britain only the broadest characteristics. He
found that no theory as yet propounded would explain the
diunral oscillations of the barometer, and that as more facts were
obtained the difficulty of framing a satisfactory theory was greatly

increased.—In his paper on the air dissolved in sea-water, Mr.

J. Y. Buchanan stated that the result of the analysis he has as

yet made of the specimens of the air dissolved in sea- water which
were collected in the recent C/zn/Zew^fr expedition, tends to show
that as regards surface-water least air was dissolved where the
temperature was highest, e.g., near the equator, and most where
the temperature was least, as in the polar sea. As regards the
percentage of oxygen present at ditferent depths it diminishes
from the surface to a depth of 300 fathoms and increases from
that point to lower depths. Prof. Tait communicated two
laboratory notes

; (l) Two plates either of the same or different

metals were placed very close to one another but insulated and
one of them raised in temperature : a difference of potential was
produced, which was capable of producing a current mea-
surable by a sensitive galvanometer. (2) He had seen in

Dr. Blair's ** Scientific Aphorisms " a hypothesis to account for

gravitation very like that of Lesage's ultramundane corpuscles,
which Blair stated was suggested to him by Newton's works,
and Prof. Tait was anxious to ascertain if any part of it was due
to Lesage or was entirely original. Prof. Tait laid on the table

an algebraic identity which could be used to sum various series.

Dublin

Royal Society, May 21.—Prof. J. Emerson Reynolds,
M.D. , in the chair.—The following papers were read :—On
some measurements of the polarisation of light coming from the
moon and from the planet Venus, by Earl Rosse, F. R. S.
Lord Rosse gave the results at which he had already arrived from
a very large number of observations on the polarisation of light

from particular parts of the moon's surface made in the years
1S72, 1S73, 1874, and 1S75, and which are still in progress.
The observations indtcate that the polarisation of the light

conring from the plains is greater than that of the light coming
from the mountainous regions.—Notes on the Crustacea of
Ireland, by Mr. William Andrews. An account of the rarer



136 NA TURE [y71 lie 14, 1877

species found on the Irish coasts—On the substitution of an

alkaline base in chlorimetry, by Mr. J. Smyth, KC.S. The
author treats bleaching lime with an alkaline carbonate, and thus

obtains the chlorine in a more convenient form for tetration.—
On a specimen of quartz with a pearly lustre, by Mr. R. J. Moss,

F. C. S. The laces of the pyramidal crystals, of which the speci-

mens consist, possess a laminated structure, which causes a very

perfect rellection of light. The lamina; consist of quartz exclu-

sively. Mr. Moss concludes that this novel variety of quartz

must be regarded as a modification of cup-quartz, the laminated

structure being the result of periodic interruptions in the growth
of the crystals.—An account of recent attempts to obtain water

by deep wells under London, by Prof. Hull, P'. R.S. The
author referred principally to the scientific results of the recent

boring at Messrs. Meux's brewery.—On a remarkable action of

light on certain organo-metallic bodies, by Prof. J. Emerson
Reynolds, M.D. The author described a number of experi-

ments with mercuric ethide and its homologues, and showed
that the pure ethide when sealed up in a tube and exposed to

light for some months is wholly decomposed into mercury and
nearly pure liquid hydrocarbon.—On the penetration of heat

across Crookes's layer, by Mr. G. Johnstone .Stoney, I''. R. S. The
author described the way in which heat is transferred across the

vacuous spaces in Crookes's radiometers. He traced the laws

under which this transfer of heat takes place, and showed that

they are dift'erent from the already-known laws of radiation,

convection, conduction, and contact. Mr. Stoney suggests that

the newly-discovered mode of conveying heat should be called

penetration. He showed that a large body of observations were

made more than thirty years ago by De La Provostaye and De
Sains upon heat conveyed in this way, but without its theory

being understood. Unexplained observations made by Dulong

and Petit, Grove, and other physicists also admitted of interpre-

tation by the newly-discovered laws. Mr. Geo. M. Fitzgerald

vias the first to observe that the important results obtained by De
La Provostaye and De Sains were due to this cause, and it was

by him that they were brought under Mr. Stoney's notice.

Paris

Academy of Sciences, June 4.—M. Peligot in the chair.

—

The following papers were read :—Preliminary reply to obser-

vations by M. Mouchez on the " Nouvelle Navigation," by M.

Villarceau.—On the densities of vapour, by M. H. Sainte Claire

DeviUe.— Researches on the law of Avogadro, by M. Wurtz.

—

On the atomic notation ; reply to M. Berthelot by M. Wurtz.—
Atoms and equivalents, reply to M. Wurtz, by M. Berthelot.

—

Reply to M. Fizeau, by M. Berthelot.—On the parallel striae fre-

quently presented by the surface of fragments of diamonds of the

carbonado variety, and on their imitation by means of artificial

friction, by M. Daubree. These striae seem to show that frag-

ments, now sparsely scattered, must have been at one time, before

they were thrust up to the surface, in contact with one another and

exerting mutual pressure.—On the regeneration of the red blood

corpuscles in frogs after considerable hcemorrhage, by M. Vulpian.

The corpuscles result from evolution of small colourless spheroidal

nucleated cells, which become discoid, then oval, and a little

before they reach the size of red corpusles, they produce haemo-

globin.—M. Gervais announced the receipt of a fresh batch of

natural history specimens (chiefly birds and insects) from the

Japanese Government. He remarked on some skeletons of

Cetaceans.—On the true number of elementary co-variants of a

system of two binary biquadratic forms, by Mr. Sylvester.—On
the spectrum of Winnecke's comet, by P. Secchi. His experi-

ments lead him to think it similar to that of other comets, and

to have for base carbonic oxide.—On some metallic seleniurets

and tellurets, by M. Margottet.—Study on oxides of iron, by

M. Moissan. He believes the pyrophorus of magnum is formed

in great part of pyrophoric protoxide of iron.—On the pre-

paration and composition of emetine, by MM. Lefort and

Wurtz. Emetine does not form basic salts, at least in the con-

ditions in which it is ordinarily obtained.—Reproduction of

albite, by M. H autefeuille. Albite may be easily had by heating

to a dark red a mixture of tungstic acid and a very alkaline

silico-alummate of soda.—Strontian ; its diffusion in mineral

and organic nature at the present epoch and in the series of

geological limes ; consequences relative to saliferous mineral

waters, by M. Dienlafait. Itiler alia, of eight hundred sprmgs

coming under the designation of saliferous waters, there are only

forty-four in which strontian has not been found.—On the affinity

of blood corpuscles for carbonic acid, by MM. Mathieu and

Urbain. A reply to M. Fredericq, who holds the COj is ex-

panded in the plasma, not fixed by the globules. The authors

cite figures to show that the globules of horse blood can fix about
twice as much COj as the serum. Some substances (as ether)

increase the absorbing power for O and CO., ; others (as

alum) diminish it.—Experimental studies on regeneration of
cartilaginous and osseous tissues, by M. Peyrand. ^Historical
remarks on the theory of movement of one or several bodies,

of constant or variable forms, in an incompressible fluid

(continued), by M. Bjerknes,—Comparative study of experiments
by day and by night made by MM. Perrier and Bassot, by M.
Perrier. The mean errors of an isolated observation for the day
and the night are of the same order of magnitude The errors

arising from the atmosphere are compensated better in night than
in day observations.—Siphon barometers whose indications are

not influenced by variations of temperature, by M. Gautier.

—

Observations on a note of M. Yvon on nitrates of bismuth, by
M. Ditte.—Combinations of quercite with butyric and acetic

acids, by M. Prunier.—Investigation of salicylic acid in wines
and urine, by M. Robinet.—Observations on M. Bert's experi-

ments on anthracic disease, by M. Davaine.—Experiments
showing that there is not in toxical putrefied blood, liquid or

solid virus without organic ferments, by M. Feltz.—On various

specimens of Brazilian clay and coal, by M. Guignet.—Female
flowers of cordaites, by M. Renault.— Result of geological

explorations in 1875-76 in connection with the channel railway,

by MM. Potier and De.Lapparent.—Researches on the vitality of
spermatozoids of trout, by M. Ileneguy. They resist the action

of alcohol and aniRsthetics in such quantity as would kill e.g.

infusoria.—Determinations of ammonia in the air and the

meteoric water of Montsouris, by M. Levy.

Geneva
Physical and Natural History Society, April 5.—Pro).

Forel gave an account of his observations on the transparency

of the waters of the Lake of Geneva. This transparency, much
greater in winter than in summer, is modified very suddenly at

the two periods of its annual variation. The changes of tempe-
rature are insufficient to account for the phenomenon. On filter-

ing the water of the lake, M. Forel found in suspension fine

particles almost exclusively organic, and proved that their pro-

portion increases with the number of strata at different densities.

—

M. Theod.Turrettini described the discovery which he had made of

a freezing mixture of chloride ofmagnesium and snow, which gave
a temperature of - 34° C.—Prof. Wartmann announced a series

of researches undertaken by him which enabled him to under-
stand the extra-polar-derivation of currents traversing mercurial

conductors.—M. Duby spoke of the capture of certain insects by
the Pdunia and the part played by the sticky glands in this

respect.

Rome

R. Accademia dei Lincei, April 8.—Influence of nicotine

on the animal organism, by M. Corso. The increase of blood
pressure may be obtained without preserving intact the vaso-

motor centre. It is not due to reflex action. The first effect of

nicotine on the pupil is dilatation.—The president (M. Sella)

read a necrological notice on Prof. Panceri.—Considerations on
specific heat, by M. Cerruti.—I'he Roman Tuscia and the Tolfa
(continued), by M. Ponza.—A memoir by M. Bagnis was pre-

sented, containing illustrations of a first hundred cryptogams
from the Agro Romano, studied by him.—M. Volpicelli replied

to M. Cantoni's recent objections to the electrostatic doctrine of

Melloni.
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THE ORGANISATION OF NATURAL HIS-

TORY MUSEUMS

THE two questions connected with museum reform

more especially demanding attention relate to their

resources and their organisation.

Provincial museums are very generally either the

propertv of societies the funds of which are expended

mainly in publishing memoirs, or are cairied on in con-

nection with free libraries. With regard to the first, it

is impossible that adequate means should be forthcoming

for their efficient maintenance, and with regard to the

second the library, as a rule, swallows up an inordi-

nate share of the funds provided by a rate. Some

are connected with teaching bodies. In nearly all cases

they are poverty-stricken and largely dependent on

casual benevolence for their support and increase. It is

surely only just and fair that the funds necessary for

making them efficient should be provided out of the

public purse since they are for the public weal, as is the

case in all other countries except our own. I do not ad-

vocate that the whole burden of this should fall on the

public ; it should certainly be borne in part by private

individuals, who, if experience in other things be worth

anything, are ready to subscribe liberally when a clear

case has been made out that their liberality will be of

practical use. The relation which the museum of natural

history at Lyons bears to the Societe des Amis des

Sciences Naturelles illustrates my meaning, for while

supported by the Municipality, it is largely indebted to

the Society for the purchase of new and rare specimens.

Why should not similar associations for similar ends be

formed in connection with every important museum in

this country ? A well-arranged museum of any size is of

necessity costly, and to be well officered must offer in-

ducements other than those which tempt the badly-edu-

cated, the mere enthusiast, or the worsted in the struggle

for life.

The abnormal connection between museums and li-

braries should be severed, as it is to be severed in the

case of the national collections, because they have no

real connection with one another. The officer who has

the care of both, if they be of any size, cannot in the

nature of things perform satisfactorily what he undertakes.

If he give up his mind to the library he will probably

neglect the natural history, or vice versa. To this cause

the chaotic state of many of our museums is to be

assigned. A curator has not merely to catalogue and
arrange, but he has to master thoroughly the collections

under his charge, and in this respect he differs essentially

from a librarian. A museum is one thing, and a library

is quite another thing.

The Public Libraries Act of 1855 has certainly failed

so far as relates to the establishment of museums, if the

rapid development of other means of advancing know-

ledge during the last twenty-two years be taken into

account.

On the very difficult question of museum buildings, it

seems to me that the maximum amount of space and of light

Vol. XV j.—No. 399

obtainable at the lowest cost consistent with good work

should be the chief end, rather than a building with a fine

outside. As a rule we content ourselves with mere exter-

nals. Well-supported collections in a big barn or an

old cotton-mill are more likely to be useful than a grand

building on which the greater part of the funds are Ukely

to be spent to the starving of the museum within. This

fact is fully recognised in the United States. In our

wealthy centres of population there is no reason why we
should not have large collections adequately housed, as is

the case very generally on the Continent.

Thebest internal organisation of a museum which occurs

to me is that which preserves as far as possible the con-

tinuity that exists both in nature and art, and in which

the departments are arranged in the following order :

—

1. Mineralogy and crystallography and petrology, in-

cluding mineral products used in the arts. This should be

approached from the point of view offered by chemistry.

2. Palaeontology, illustrating the ancient history of life

on the earth from the Eozoon to the beginning of the

historical period, and consisting of fossils arranged stra-

tigraphically, and divided as far as possible into three

divisions within the limits of each group—the fauna and

flora of the sea, of the fresh water, and of the land.

Under this head prehistoric archseology is included.

3. Botany.

4. Zoology.— In this department it is wholly unneces-

sary to have every species mounted. The birds may very

conveniently be represented by one stuffed specimen of

a class, family, or genus, while the species are preserved

for reference, and the skins occupy a small space in

drawers, as in Dr. Sclatei-'s collection at the Zoological

Society.

4A.—Comparative osteology and anatomy are the

natural offshoots of zoology, ranking under that head. I

cannot, however, agree with those who hold that they

should form part of the zoological series, since their chief

value consists in their comparison with the like parts of

other creatures. Were the collections of the Royal Col-

lege of Surgeons arranged in the same cases with the

zoology of the British Museum—dissections and bones of

lions say with stuffed lions—they would at once lose their

teaching value.

5. Ethnology, worked out as it is now being done by
Mr. Franks in the British Museum, and Dr. Bastian in

the Imperial Museum at Berlin.

6. Art.

This scheme is applicable to museums large and
small.

In founding provincial museums the fauna, flora, and
geognosy of the surrounding districts should receive the

first attention, and to these may be added, if possible, a

general collection. In all cases they should be connected
with teaching. The principle of co-operation should be
freely brought into play, and casts of the more important

objects in each should be made for exchange and distri-

bution. Each museum should be available for the general

pubUc, the local societies, and the teaching bodies of the

place, schools, colleges, and the like. Were we to expend
as much common sense and energy in this direction as in

most others we should soon see our museums important

instruments in spreading culture, and in a very different

position to that which they now hold in relation to those
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of other countries, in many ways worse off than our own.

Tlie subject is well worth the attention of all who have at

heart the higher education of the people.

W. Boyd Dawkins

THE CARBONIFEROUS FLORA OF CENTRAL
FRANCE

Flore Carbonifcre dti Departeinent de la Loire et du

Centre de la France. Par Cyrille Grand' Eury, Ingd-

nieur .a St. Ktienne. (Imprimerie Nationale, Paris.)

THIS work consists of three quarto volumes, the first

of which is devoted to the plants, the second to the

geology of the districts under consideration, and the third

forms an atlas with thirty-four plates of fossil plants and

four large " tableaux," in which the author has "restored"

the plants he has described according to his own ideas of

their morphology.

It is very obvious that the carboniferous plants of one

district cannot be received as ahogether typical of those

occurring at other and distant localities. Hence such

publications as those of Dr. Dawson and Prof. Newbury

in America, and the volumes of M. Grand' Eury, are

extremely valuable to the English palreo-botanists. They

tend to preserve him from the one-sided habit of viewing

the subject which he is apt to contract when only study-

ing the types occurring in his own coal-fields. But apart

from this M. Grand' Eury's work has an independent

value, especially in some departments in which he has

made important additions to our stock of knowledge.

This is especially the case with his investigations amongst

the hitherto obscure plants known as Flabellarire and

Cordaites, as well as amongst some remarkable sporange-

bearing ferns.

Our knowledge of Cordaites has hitherto been most

vague ; but M. Grand' Eury has fortunately obtained

some beautiful specimens in which not only the leaves

are attached to the stems of several species, but in some

he also finds what he believes, I think justly, to be

male and female organs of reproduction, thus estab-

lishing the point that these plants were monoecious

Phanerogams. These organs are slender spikes, some

of which support small scaly buds lodged in the axils of

bracts, and which the author beheves to have been

antheriferous. Others bear single seeds in each axil.

Some of the spikes are affirmed to be those of Antho-

lithes, and the seeds to be identical with Cardiocarpus.

The stems which bear these reproductive structures have

a Sternbergian pith, surrounded by an exogenous woody
zone inclosed within a distinct bark, which latter appears

to have consisted of more than one layer. M. Grand' Eury

concludes that these plants were Conifers, of which the

well-known Dadoxylons were the ligneous axes, and that

the type which survived for a time in some of the

Ulmanniae of the Lechstein, and in the Albertia of the

Triassic rocks. I see nothing, however, in his figures and
descriptions leading me to conclude that they are identical

with our British Dadoxylous.

The new ferns described by the author are equally

remarkable. They include numerous forms of Pecopteris,

with very peculiar sori approaching those of the Marat-

tiaceffi. Some of these fronds he associates unhesitatingly

with Psaronius and other stems of tree-ferns. The author's

researches on the above subjects have been conducted

under most favourable conditions, of which he has availed

himself in a praiseworthy manner.

When we come to the debateable subjects of Calamites,

Lepidodendron, Sigillarire, and Asterophyllites I am
obliged to use different language. On these points the

author adopts substantially the ideas of Brongniart.

Thus he distinguishes between Calamites and Calamo-

dendron, making the former an equisetaceous plant and

the latter a gymnospermous one. I cannot understand

how anylone can do this in the face of our present know-

ledge of the facts.

In external form the supposed Calamites and Calamo-

dendra exhibit precisely the same appearances. All

these appearances are explained in the most exact man-
ner by the internal structure of the many illustrative

specimens which we now possess, and which demonstrate

that we only have one type of organisation. Further,

what are called Calamites by the school to which our

author belongs are amongst the most abundant of the

plants furnished by our coal-shales, and there is nothing

to prevent their being equally common in the Oldham
and other beds, in which all the plants retain their inter-

nal structure, if they existed as an independent type. But

the moment we find a Calamitean plant with organisation

it proves to be a Calamodendron. Even M. Grand' Eury
is compelled to admit " il est au moins surprenant que

I'on n'ait pas mis la main sur un Calamite avec la struc-

ture conservee." Very surprising, indeed, considering

that we have obtained such numbers of these plants with

structure from Oldham, Halifax, and Autun, as well as,

though less abundantly, from Burntisland. The conclu-

sion to be drawn is too obvious to need reiteration.

Imbued with these ideas respecting Calamites and
Calamodendra, it was inevitable that M. Grand' Eury
should fall into error respecting Asterophyllites. These
plants are regarded by his school as the branches and

leaves of Calamites. Hence he could not recognise as

Asterophyllites any plant which had not a Calamitean

axis. But I have shown that Asterophyllites has not

such a structure, but one identical with the very different

one of Sphenophyllum. M. Grand' Eury escapes the

difficulty by contending that my plants are not Astero-

phyllites, but Sphenophylla. This is certainly not the

case. Brongniart has clearly defined the latter genus a

possessing 6-8 or 10 truncate cuneiform leaves ; and after

referring to the fructification of Sphenophyllum, he cor-

rectly says :

—" Ce mode de fructification, malgrd I'ob-

scurit^ qui environne encore sa vraie structure, est trop

analogue h celui des Asterophyllites pour qu'on puisse

douter de I'affinitd de ces deux genres." This conclusion

is precisely identical with mine. Instead of 6-8 or 10

leaves in each verticil, my plants have 18 or 20. These

leaves are linear, not cuneiform ; and as my next

memoir will demonstrate even more clearly than I have

yet done, each leaf had a single central vascular bundle

instead of the two or more invariably seen in Spheno-

phyllum.

In his views respecting the relations of Sigillaria and

Lepidodendron, M. Grand' Eury also clings to the old

Brongniartian ideas promulgated in bygone years. M.
Brongniart and M. Renault have described the organisa-

tion of two Sigillarian fragments, S. ele^ans and S.
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spinulosa, and have concluded that whilst their Diploxy-

loid organisation differs from that of the Lepidodendra,

it justifies the conclusion that Sigillaris were not lycopo-

diaceous but gymnospermous plants. But I have already

shown that several indisputable Lepidodendra have pre.

cisely the same organisation. Hence I contend that

Brongniart's reasons for separating these plants have no

existence, and consequently his conclusions must be

abandoned ; M. Grand' Eury, forgetting this part of my
work, and only remembering that I have also described

the bark of a true Syringodendroid Sigillaria, and shown
that it is identical in every feature with the corresponding

tissue in Lepidodendra, says that I have arrived at my
conclusion " par des faits isoles d'apres I'analogue de

Tecorce, et non par des exemples complets reunissant les

caracteres extdrieurs aux caracteres intdrieurs." How, in

the face of my published memoirs, my friend could make
so erroneous a statement, I am at a loss to conceive.

I should have felt it necessary to have subjected the

volumes under consideration to an incisive criticism on
these and some similar points, were it not that he kindly

allows me to quote from some letters which I have received

from him. In these communications he says :
—" Les

points sur lesquels nous difierons sont prccise'ment ceux

que je n'ai pas etudics." Referring to facts which I have

observed, he adds ;
" Comme je n'avais pas ces faits pour

me guider, j'ai conclu d'apres ce que je connaissais bien

et je ne suis pas fain de conclure que je me suis trompe
;

dans ce cas nous aurions dans les Sigillaires et les Lepi-

dodendrons des cryptogames excessivement elevees en

organisation ; si elevees qu'ils formaient, en quelque

fa(;on, une classe intermediare entre ces plantes et les

Gymnospermcs." " L'Association presque constante des

macrospores avec le debris des Sigillaires est en faveur

de vos conclusions." Quite in accordance with the above

remarks are the following observations which the author

makes in his volumes :
" II est au moins curieux que, a

part le corps vasculaire, les autres parties des Sigillaires

soient semblables aux parties correspondantes des Lepi-

dodendrons." This is perfectly true with the exception

that the vascular portions are less exceptional than M.
Grand' Eury's remarks imply. The Sigillarian stem is

merely that of Lepidodendron Harcourtii, with an addi-

tional exogenous vascular zone interposed between that

of the Lepidodendron and its investing cortex ; and
which I Jind in otlur true Lepidodendra. If all the

plants of the coal-measures which possess a similar exo-

genous zone are to be transferred from the cryptogamic

to the phanerogamic group, there will be few cryptogams
left in the carboniferous rocks beyond Lepidodendron
Harcourtii and the ferns. M. Grand' Eury concludes

his notice of the Sigillariae by a remark which I fully

endorse :
" Seulement je crains d'avoir tire des conse-

quences trop completes de ces indices insuffisants, dont

je n'aurais peut-etre alorsmeme du parlerque pour eveiller

I'attention des obsei-vateurs sur une solution possible du
plus important probleme de la paleontologie vegctale."

Having thus indicated some very important points

respecting which I am compelled to differ from M.
Grand' Eury, I can with the sincerest truth again

express my sense of the value of this new contri-

bution to the study of the carboniferous flora, and
of the praiseworthy perseverance with which the author

has laboured for many years in collecting his materials.

The most prominent fact which the work reveals is the

remarkable abundance of the Cordaites in the coal-

measures of Central France, compared with what we see

in England. In some districts, as M. Grand' Eury
informs us, the coal is almost entirely composed of their

debris. I have met with nothing like this in Great

Britain, but it is in strict accordance with what we know
of the distribution of living plants, that whilst similar

types may be expected to be met with over wide geo-

graphical areas, some forms will predominate in one
region, whilst in other localities different types will

prevail ; hence the materials out of which coal has been
found must have been widely different at these various

spots.

The plates with which the above work is illustrated are

extremely beautiful, as is usually the case with the pro-

ductions of the French lithographers.

W. C. Williamson

OUR BOOK SHELF
Annces do Observatorio do Infante D. Luiz. Magnetisnio

Terrestre. Lisboa, 1876.
This part of the Annals of the Lisbon Observatory is a
continuation of those noticed in Nature, vol. xiii. p. 301.
The results for the magnetic declination are carried

forward from 1867 to 1S71, while some include the means
from 1S58 to 1875. This is the case for the secular
change and annual variation. Mr. Capello found pre-
viously that the north end of the declination magnet
approached the north at the rate of 5''9i yearly (1858-
1868). The results he now divides into two series, 1858 to

1S66, with a rate of 5 ''46, and 1866 to 1875, with a rate of

7 ''64 yearly.

The yearly means are deduced from observations at

8 A.M. and 2 p.m. Mr. Capello has also shown that the
diurnal law of disturbance appears to be different at

Lisbon in different years of the decennial period.' In this

case, even if two observations daily were otheiwise suffi-

cient to give accurate means, or means strictly compa-
rable from year to year, the varying effect of the disturb-

ance on the observations at the two hours mentioned
would of itself interfere with this comparability. It is

probably for these reasons that the yearly means at

Lisbon do not appear to show the small decennial in-

equality in the secular movement first indicated by me
in 1857, and afterwards discovered by Hansteen and
Lloyd.

Mr. Capello has repeated discussions for the magnetic
disturbances with the increased materials in his posses-
sion. He had observed in a preceding number of the
Annals, that many observations which were considered
disturbed (that is to say, which differed from the means
for the hours by 2''26 or more) really belonged to diurnal
variations which were regular, only larger than usual ; and
it was pointed out in NATURE (m the notice cited above)
that one cause of these excessive deviations would be
found in the superposed lunar actions. Mr. Capello now
finds that a great majority of these quasi-solar disturb-

ances are rather to be considered due to the moon.
This conclusion induces me to believe that if Mr. Capello
had the necessary aid to perform the calculations for the

lunar diurnal variations for each month, and for different

positions of the moon, as well as for other investigations,

the Lisbon observations could not fail to add many im-
portant scientific results to those already published.

John Allan Broun .'

Incidents in the Biography of Dust. By H. P. Malet.

(London : Triibner and Co.)

The first impression one gets of this book is that of a
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kind of nightmare. It begins by personifying dust and
maltes " us dusts " utter a great deal of incoherent talk

which changes somehow into the voice of the writer

himself, who by and by fades into Prof. Tyndall, then

into "a weekly paper, Punch" then through Hugh Miller

and the Holy Scriptures into the familiar tones of Mr.

Henry Woodward, F.R.S., who gives way to the dusts

again, and so on. The first impression, too, deepens

upon further perusal. One never can be quite sure who
is speaking ; whether the " we" is the editorial pronoun

or marks the utterances of the personified dust-motes.

Sometimes, indeed, by a kind of feeble and perhaps, un-

conscious pun, it means both the author and " us dusts ;"

as where a sentence begins (p. 107), " Of all the autho-

rities we have ever rested on, Sir Charles Lyell has

described mountain formation most accurately." Or
again: " Mrs. Somerville is a favourite authoress; we
seldom find a protracted rest upon het volumes." The
writer seems to have made a very hearty meal on all

kinds of miscellaneous geological and other scientific and
literary food. The variety and amount of the viands

have been too much for him. Hence the wild specu-

lations, the grotesque theories, the pell-mell rush of

changing subject through the 272 pages of this curious

but dreary volume. So completely has the nightmare

taken possession of the author that in his frenzy he for-

gets the composition of the very air he breathes, and
sententiously announces that while " the earth consists of

air, water, and dust," the " air is composed chiefly of

oxygen, hydrogen, and carbonic-acid gases." We would
venture to suggest a good application of oxygen and
hydrogen in the form of a shower-bath as a corrective.

The book closes most appropriately with a spiritualistic

seance, at which the dramatis pcrsoiuv are a Medium,
Spirit of Socrates, and Dust. If the author would dis-

card all this " plain language," as he is facetiously pleased

to call it, and tell us in simple straightforward English

what it is all about, we should be prepared calmly to

listen to him, but no more such " Biographies of Dust !"

Cliemical Physics. By N. N. Lubavin. First fascicule.

St. Petersburg, 1876, 346 pp., in 8vo. (Russian.)

The author has given in a handbook a description of the

various physical phenomena which, without belonging to

the true domain of chemistry, are nevertheless involved
in all chemical processes, and which can adequately be
described as physico-chemical. These phenomena, of

the highest importance for the student of chemistry who
is interested in the philosophy of his science, are dealt

with at length by the author in a very lucid and plain

style. Without discussing advanced theories, M. Lubavin,
in this first fascicule (the second being in the press) gives

us only facts, and in a condensed form much useful in-

formation. He has carefully read what has been published
in this department in France and Germany, but is not
very familiar with our English works, except through
German or French translations.

Ennnieracion de los Vertebrados Fosiles de Espaiia. Por
Don Salvador Calderon. (Madrid : T. Fortanet, 1877.)

This is a reprint from the Anal, de la Soc. Espah. de
Hist. Nat., torn, v., of Seiior Calderon's valuable catalogue
of the vertebrate fossils hitherto discovered in Spain, with
an introduction and accompanying remarks. As the
catalogue and an abstract of the introduction to it ha\e
been published in the Quarto ly yournal of the Geological
Society of London during the present year, it will not be
necessary for us to do more than to call attention to the
appearance of the work in its more complete form. Some
interesting questions are opened up by the author con-
cerning the distribution of several interesting Miocene
forms such as Sivatherium, Hya;narctos, and Hipparion.

» See also Proc. Roy. Soc. (March 187C.) Vol. xxiv. p. 273.

LETTERS TO THE EDITOR
[T/u Editor does not hold iiimself responsible for opinions expressed

ly his correspondents. Neither can he undertake to return,

or to correspond laith the 'diHters of, rejected nianiiscriiis.

No notice is taken of anonymous communications.
The Editor urgently requests correspondents to keep their litters as

short as possible. The pressure on his space is so great that it

is impossible otherwise to ensure the appearance even of com^
inunieations containing intereslitig and novel facts.']

Museum Reform
Every one who puts faith in museums as educational engines

must be grateful to Prof. Boyd Dawkins for the article on
this subject in the number of Nature for May 31. That reform
is pressingly needed in most of our provincial museums is a pro-

position almost beyond question ; but how such reform can be
best effected is a subject open to any amount of discussion. The
primary difficulty in organising a museum is usually a difficulty

of finance. Money, which measures all things, measures the
curator's power of procuring glass cases and suitable specimens.
Where, then, the resources of a museum are very limited, the
greatest amount of good will probably be effected by confining

attention to the formation of local collections. Such work, being
restricted within a narrow sphere, may be done thoroughly, even
in the poorest museum. Yet it is work which will be valued by
every true student of science. Prof. Blackie, in his " Self Cul-
ture," gives excellent advice when he says :

** In order to assist

in fori) ing habits of observation in this age of locomotion I

should advise young men never to omit visiting the local museums
of any district, as often as they may have an opportunity ; and
when there to confine their attention generally to that one thing
which is the most characteristic of the locality." Now it often

happens that the things most characteristic of the locality are

hardly tliought worth exhibiting, and are precisely the things

that we do not find in a provincial museum. Only last week I

had occasion to visit a museum of thoroughly old-fashioned type,

and to my surprise I found that the mineral industries of the

neighbourhood, though of great importance, were absolutely un-

represented, whilst unlabelled curiosities collected from every
quarter of the globe were heaped together in defiance of all

principles of classification. It is true there is great temptation
for a curator to display a little of everything, and a specimen
from the Antipodes is no doubt regarded as a greater curiosity

than a specimen from the neighbouring hills. But if a small
museum is to have any educational value worth naming, its aims
should be restricted, at least in the early stages of its develop-
ment. Many museums undoubtedly teach too little by attempting
to teach too much.

Perhaps the chief cause of unsatisfactory arrangement in so
many museums is to be found in the difficulty of curatorship.

Most museums naturally take their complexion from those who
have charge of them ; if the curator, for example, is a good
entomologist, the collection of insects will be good ; and so on.

A general museum, indeed, needs a curator just a tririe less than
omniscient. Even where each department is under charge ol

some honorary specialist, it by no means follows that the greatest

educational value is got out of the collections. It seems to me
that it would be an advantage, wherever practicable, to establish

some kind of connection between the museum and the nearest

college or other educational centre ; assuming, of course, that it

is a centre of liberal education where science asserts its proper
position. Just as lectures teach principally tlirough the ear, so

museums teach through the medium of the eye ; and those who
have had most experience in oral teaching will probably be best

qualified to assist in the oversight of an educational museum.
Another direction in which most museums imperatively need

reform is in the simple matter of labelling. Too often the

visitor leaves without carrying away much information, simply
because he is unable to interpret what he has seen. A curator

can therefore hardly be too free in the use of descriptive labels.

Large labels, no doubt, occupy a good deal of space, and this

can be ill spared in a crowded collection. Nevertheless, I be

lieve it is far better to exhibit only half the number of specimens,
fully telling their own tales, than to cram the cases with speci-

mens unnamed or only meagrely described. If a museum is to

be of real value educationally, it must be made as far as possible

its own interpreter. F, W. RUDLER
Scientific Club, Savile Row

I HOPE ventilation of this subject in the columns of Natijre
will direct attention to the necessity of more systematic arrange-
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ment, and that governors will seek to redeem these institutions

froru the mere curiosity shop style into which too many have
developed, and to render them valuable educational instruments.

Interested in geology, I have been pleased, in occasional visits

with pupils to our local museums, to note the gain to accurate

knowledge as the diagrammatic illustration of the text-book is

exchanged for the fuller teaching of fossil and specimen, and
where, to chronological and stratigraphical plan, the character-

istic fossils are indicated by special labels, and the time range

shown by variously coloured mounts, the advantage is consider-

able. I would further suggest the desirability of numbering im-

portant objects, as iH a picture gallery, and furnishing the visitor

with an attractive catalogue. Where several museums exist in

the same town could not the authorities, by mutual agreement,

economise space and effort by division of labour, each one be-

coming to some extent exhaustive in a special direction?

In one of our best arranged museums I recently found, for

pure want of room, Cambrian trilobites associated with basic

rocks, and a fossil neatly stowed away in a case of Vesuvian
products.

Bright, convenient, and well-keyed, our museums ought to

increasingly attract students and gather in recruits from time to

time fiom the inquiring public. A good supply should in this,

as in some other educational difRculties, create demand, and
stimulate public sentiment until our museums become so com-
modious and well-appointed as to bear comparison with the

excellent models Prof. Dawkins re'ers to as established by our
Continental neighbours ; and the natural sciences gain in digr.ity

amongst us until they enier into healthy rivalry with the elder

and established studies of numbers and letters.

Manchester, June 2 William Gee

I SEE with pleasure that Prof. Boyd Dawkins has again

raised his voice urging tlie importance of museums as a means of

education, but as there is one point regarding their management
to which it may be useful to call attention, I shall be glad if you
will allow me to do so through your pages.

Undoubtedly English museums compare most unfavourably
with foreign ones, and this partly arises from the idea which is

so prevalent that one man ought to be able to arrange and deter-

mine anything from New Zealand birds, plants, or fossils to a

collection of Egyptian idols. The conse(|uence is that we see

such incongruities as were pointed out by Prof. Dawkins, to which
I should hke to add another, from one of the leading technical

institutions of London ; there a few years ago (and I suppose
there are still), among buildmg materials, some large Nummulites
(a genus of fossil foraminifera), marked portions of brick made
by the Israelites for the Egyptians when they were allowed no
straw.

In a middle-sized foreign town in any of the other civilised

countries of Europe there is a museum in charge of men who
have given their attention to various branches of science ; even
in Italy, which is much behind in this matter of museums, we
find in such towns as Turin a w'ell-arranged museum with a con-

siderable .staff of curators, with the minerals in the hands of one
man, the fossils in another, the vertebrates have, I believe, two or

three of the staff to work at them, while the invertebrates are in

the hands of another, and in the sime way the historical and
technical portions are no doubt under adequate management.
When we turn back to England we find such a humiliating

thing as a town like Manchester with no museum worthy of a
fourth-rate town.

It will no doubt be some time before their importance is fully

recognised and therefore as museums are likely to be for a long

lime insufficiently manned, might it not be a great advantage if

a number of local museums joined together to employ specialists

to determine different gioups? Such work might no doubt be
done very cheaply, for such men would often be glad of the

opportunity of so much material passing through their hands,

(i A naturalist who was making any group, such as corals or

Crustacea, his subject, might visit the museums and would in a

very short time be able to determine and a;range the greater

part of the local collection, and might have those which required

lurther research sent up to London for investigation at leisure

upon the completion of his tour. Arthur Wm. Waters
Alderley Edge

The Antiquity of Man
Having carefully perused the proceedings that took place at

the recent "Conference" on the subject of the antiquity of

man at the Anthropological Institute, I confess to a feeling of
disappointment. I had looked, if not for new geological facts,

at least for something novel in the treatment of what was already
known, instead of which the geological speakers seem, for the
most part, to have merely reiterated opinions with which their

names have been for some time identified. Thus my able
opponent. Prof. Boyd Dawkins, does no more than restate views
and conclusions which have already been controverted more
than once, and to which, therefore, I need not reply here, as in

so doing I should be only summarising what has been stated at

length elsewhere. Mr. Dawkins's "case" and my own are
now so fully before our fellow-hammerers that we may be well
content to leave them for judgment to the future—a future which
is probably not far off. Prof. Prestwich, again, while quite open
to conviction that man may have lived in England in pre-glacial

times, is yet strongly of opinion that all the human relics hitherto

obtained in the south of England are oi post-glacial a.ge, because
they occur in deposits that overlie "the boulder-clay." Now
this conclusion would certainly follow if it could be shown
that the " chalky boulder-clay " of East Anglia represents, as
Prof. Prestwich thinks it does, the glacial period. Unfortu-
nately it only represents one phase of that period. There is an
olJir boulder-clay than that "chalky till," and there are two
separate boulder-clays which are younger, as Mr. S. V. Wojd
has demonstrated. The East Anglim chalky boulder-clay was
laid down, as I believe, during the climax of glacial cold, and is

consequently much older than the upper boulder-clays that occupy
the surface of Scotland and the North of England. For the evi-

dence which has weighed with me in coming to this conclusion
I must refer Prof. Prestwich to the account of the English glacial

deposits, which is given in the second edition of my work on the
Ice Age. The proofs and argument are too long to recapitu-
late here. That the East Anglian chalky till belongs to a much
more ancient date than the upper boulder clays of Yorkshire and
the North, must strike any one who will take the trouble to com-
pare them. The East Anglian deposit has been subjected to

long-continued and powerful erosion, and everywhere bears the
impress of extreme antiquity, while the younger tills of the North
have a comparatively recent appearance. Nor is this by any
means all, for between the accumulation of the chalky till and
the formation of the most recent boulder-clay or till of the North
there certainly intervened one mild inter-glacial period. (There
were in reality, as I behove, two such periods, ) Now during
the " last inter-glacial period "— that, namely, which preceded
ihe deposition of the youngest boulder-clay of Yorkshire and the
North—there certainly existed a land-surface in England over
which the pleistocene mammalia roamed. The proofs of this

arc found in certain fresh-water and estuatine deposits which are
met with near Hull and elsewhere, and which have yielded
mammalian remains, and thousands of Cyniia Jlii/ninalis axii.

other shells. Prof. Prestwich has himself described these beds
and classified them as pMl-j^lmial, partly because they repose
upon boulder-clay and partly on account of their fossil contents.
But since the date of Prof. Prestwich's visit to the locality in

question, the section (near Burstwick) has been much better
opened up, and now one may see resting upon tjiese so-called

post-;^lacial deposits a thick mass oftumultuous boulder-clay. This
boulder-clay is in my opinion as truly the product of glacier-ice
as any ground-moraine or till in Scotlatd, Norway, or Switzer-
land, and points to a time when all Scotland and the northern
districts of England, down as far as the valley of the Humber,
were shrouded in snow and ice.

With reference to the recent discoveries by Mr. Skertchly
near Brandon, which Mr. Evans and Prof. Hughes have con-
vinced themselves lend no support to the view that man is other
than post-glacial, I would ask geologists to suspend their judg-
ment until they have had an opportunity of hearing the other side.

Let them exercise a Utile of that " caution " which Mr. Evans
desiderates, and not too readily acquiesce in his and Prof.
Hughes' ruling. Mr. Skertchly, who has mapped the ground
about Brandon and Thetford, and whom we may suppose, there-
fore, to be more intimately acquainted with the geology of that
district than either of his opponents, has no doubt that certain
implement-bearing brick-earths are covered by boulder-clay in
situ. I have also carefully examined the sections in question
and feel quite sure that Mr. Skertchly is right, and that the
overlying accumulation is a true glacial deposit, and an integral
portioir of the so-called chalky boulder-clay. Prof. Ramsay,
who has Ukewise recently visited Brandon, is, I believe, of the
same opinion. But the occurrence of flint implements under-
neath the chalky till of East Anglia is, after all, no proof that
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these relics are pre-glacial. The most one can say about them is

simply this, that the folk who used them lived in England before

the climax of glacial cold. When human relics are got in beds

of older date than those at Cromer, we shall then have a demon-
stration of the pre-glacial age of man in Britain. At the same
time the presumption is (as many geologists will admit) that

some portion of our ancient river-drifts and cave-deposits with

flint implements do really belong to pre-glacial times. In short,

after carefully reading the proceedings at the recent Conference,

I find nothing to shake me in my present belief that none of the

palceolithic deposits belongs to post-glacial times, but that all

must be relegated to inter-glacial, and probably pre-glacial ages,

and consequently that the pala:olithic is separated from the

neolithic age by the intervention of the last cold period of the

glacial epoch. My opinion, therefore, is still as strong as ever

that "until we clearly understand what was the succession of

changes during the ice age, it is premature to speculate upon the

geological age of those deposits which yield the earliest traces of

man in Britain." In concluding, may I be allowed to suggest to

the anonymous writer whose communication on the subject of the

Antiquity of Man appears in the number of this journal tor June 7,

that before he again essays to criticise my views he might do
well to become better acquainted with them. James Geikie

Perth, June 15

Before your readers accept the statements of Messrs. Evans
and Hughes respecting my discovery of flint tools beneath the

great chalky boulder-clay, as announced in N.\ture last year,

may I ask them to remember that as yet I have not published
the evidence upon which I founded my statement ? The delay
has arisen from official and other causes ; and although my paper
is now written, it is, I have just learned, too late for reading
during the present session at the Geological Society. Neither of

the two gentlemen named is aware of the extent of my evidence,

for I have not, as yet, told any one about it, except the two geo-
lists mentioned below. As I shall sliow, there are now known
to me about forty localities in which the brick-earths in question
occur, and in most of them their relation to the boulder-clay is

very clear ; and even in the two or three spots in which that

rock is not seen in the actual section, it overlies the implement
beds near by on the same outcrop. The brick-earths have natu-

rally suffered much denudation by the boulder-clay, and I have a
splendid series of sections showing every phase from almost un-
disturbed material beneath the boulder-clay to small fragments
(boulders, in fact) in that deposit. I wish, also, to state, that

instead of four implements from two localities, as originally

announced, I know at present nearly 150 from six different

spots. The evidence is so clear and overwhelming when seen
en masse, that it must be convincing to all who carefully weigh
it. The boulder-clay which overlies the brick-eaiths in question
is part and parcel of the great mass of the chalky boulder-clay, a
formation which I have spent eight years in examining in the
field almost daily, of which I have mapped about 2,000 square
miles, and upon which I feel quite competent to form an opinion.

Prof. Prestwich is perfectly correct in ascribing the well-

known palaeolithic implements found in the gravel to a time sub-
sequent to the formation of the chalky boulder-clay ; but that
only prmes those tools to be newer than the last gla<iatio}i of this

particttlar area. Now inasmuch as Mr. Searles V. Wood, jun.,

long ago proved, and as everybody who examines the ground must
admit, that the "purple" and "hessle" boulder-clays are
newer than the one vve are dealing with, and as Dr. J. Geikie
lias shown that gravels bearing the same character and possessing
the same peculiar fauna as tlie well-known pala:oliihic gravels
(overlying, moreover, the chalky boulder-clay), piss under these
newer beds, it is, to say the least, a misnomer to call these gravels
/o.f/-glacial. They are post-glacial to this East Anglian area,

but not to northern England ; and the distribution of suiface-

beds containing palaeolithic implements- throughout Europe
shows that they are confined exclusively to that area which was
free from the erosive action of the newer and less intense ice-

sheets of the latter part of the " Great Ice Age." Much of the
misapprehension in this matter has arisen from the unfortunate
name of "upper" given to the chalky boulder-clay. It is

"upper" in East Anglia, but it is " lower" in Yorkshire.
My discovery does not prove man to have been pre-glacial ; it

merely shows that he was " pre-chalky-boulder-clay," and I
last week obtained evidence to show that the brick-earths in

question belong to the "middle glacial" of Mr. Searles V.
Wood, jun. ; that is to say, they are newer than the Cromer
till, but older than the chalky boulder-clay.

Mr. Belt is mistaken respecting the quartzite implements near
Brandon. They are found in gravel which is unquestionably
above the boulder-clay, as can be seen in hundreds of sections,

and the only conceivable source of that material is the boulder-

clay. We have, in fact, two horizons of pal.Tolithic implements,
one above and one below the boulder-clay, and I am in hopes
that the former will°be found capable of subdivision, for many
facts crop up in the coarse of my daily work which seem to

point in that direction.

Prof. Ramsay and Dr. J. Geikie, who are eminently capable
of judging of glacial phenomena, have gone over the area with
me, and are perfectly convinced of the accuracy of my determi-

nations. Syijxey B. J. Skertchly
Brandon

Nicephore Niepce

There is an error in one of your " Notes " of last week
which you may be glad to have corrected. It is not to Niepce
de St. Victor that the citizens of Chalons-sur- Saone (a town, by
the way, not to be mistaken for Chalons in the Champagne
country) are about to eiect a statue, but to his uncle, Joseph
Nicepiiore Niepce, who might well be designated as the first

photographer, since he it was who succeeded first of all in fixing

an image in the camera. In a " Life of Nicephore Niepce," '

recently published by Victor Fouque. appear letters which leave

little doubt that in May, 1S16 Niepce had accomplished the

feat of fixing shadows in the camera, for in a communication of

that date to his brother he incloses four photographs, ol which
he says :

" The pigeon-house is reversed on the pictures, the

barn, or rather the roof of the barn, being to the left, instead ol

the right. The white mass which you perceive to the right of

the pigeon-house, and which appears somewhat confuted, is the

reflection upon tlie paper of the pear-tree, and the black spot

near the summit is an opening between the branches of the

trees. The shadow on the right indicates the roof of the bake-
house." This, then, is a description of the first camera-picture

ever taken, and it was by reason of Niepce's inability to prevent

his impressions from fading afer a lapse of time that he turned

his attention to the bitumen of Judea process, with which he
produced photographs as early as 1S24, one or two specimens
being still among the science treasures of the British Ma-^eum.
The name of Nicephore Niepce is little known in England.

And yet this should not be. As is well known he came to this

country in 1827, and resided at Kew in the hope to receive aid

and encouragement, and shortly afterwards, on his return to

France, entered into partnership with Daguerre to work out to-

gether a more practical process. When Daguerre made known
his discovery in 1S39, his partner had been dead two years, and
no mention was made of Niepce at the time Arago made his

famous speech announcing the discovery of Daguerreotype.

Specimens of the wonderful process were not long in reaching

this country and the first picture was placed in Faraday's

hands with the remark that he had never seen anything

like it before. But Faraday said he had. A French-

man, he remembered, had brought him a picture of Kew
Church a dozen years ago, with the quaint remark, that "the
sun had done it." Faraday was so certain of this that inquiries

were at once instituted into the matter, and in the end, a com-
munication was addressed by the Secretary of the Royal Society,

Mr. Bauer, to the Academie at Paris, a communication which
helped materially to substantiate the claim of the Niepce family,

and to obtain for the son Isidore, a pension in acknowledgment
of the father's services. The deed of partnership between Niepce
and Daguerre is still extant, but how much ol the latter's pub-
lished results were due to his dead partner the world will never
know. H. Baden Pritchard
June 6

Japanese Mirrors

There is still something to be solved about the Japanese
mirrors, which show the figures tliat appear in relief on the back
in the disk of light reflected from the face. Not only does it

seem impossible (without some indication which I have not yet

met with) to tell which mirrors in a series will perform the feat,

but it is equally difficult to say why one bunch of leaves will, and
another in the same casting, will not appear in the spectrum.

In reference to Mr. Highlcy's quotation of Mr. Prmseps' con-

jecture (p. 132), " that the thinnest parts, from being the hardest,

» " La Verile sur I'lnvenlion de la Photographie."
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should give the strongest reflection, owing to a difterence in density

produced by stamping," and to the brassworker's solution, not

only are the mirrors not stamped, but cast ; but it is the thicker

parts, those which stand out on the back in highest relief, which
reflect the most light. I have one on the back of which there

are two large characters as it were laid upon a background of

trees. These letters have been carefully ground flat and polished

like the front. Their figures nut only appear more distinctly

than those of other less highly raised adornments, but actually,

in the sun, throw off a brilliant white light, which contr.asts very

markedly with the comparatively subdued spectrum from the rest

of the plate.

Is it possible that there may be some difference in molecular

arrangement during the consolidation of the melted metal in the

thicker (relieved) and other parts of the plate ? And yet, the

thick rim of the mirror does not reflect a rim of light.

One of my specimens has suffered a little oxidisation, and I

observe that this appears on the face to follow certain of the

larger masses of relief on the back. This mirror does not
" show the pattern through," but there is a curious bright rim

reflected from the edge of each scar of injured surface.

Manchester R. D. Dariiishire

Colour-Sense in Birds

As the fact of the preference of sparrows for ydlmv crocuses

still excites interest and requires explanation, perhaps you will

allow me to call attention to the following remarks of Gilbert

White in his " Observations on Nature " :

—

" Birds are much influenced in their choice of food by colour,

for though white currants are a much sweeter fruit than red, yet

they seldom touch the former till they have devoured every bunch

of the latter."

The obvious criticism that the craving for sweets which dis-

tinguishes the human biped is not equally predominant among
his feathered friends, and consequently, that their selection of

the less sweet but more highly coloured fruit may be due to some
t.iste other than the aesthetic, does not detract from the import-

ance of White's generalisation that birds are much influenced in

their choice of food by colour—a generalisation which, there is

no reason to doubt, was based upon his own keen and repeated

observation. Paul Henry Stokoe
Beddington Park

OUR ASTRONOMICAL COLUMN
Variable Siars.—The following are Greenwich mean

times of visible geocentric minima of Algol, for July,

August, and September, according to the elements

adopted by Prof. Schonfeld :

—

h. m. h. .n h. m.

July II 1151 ... Aug. 20 15 II ... Sept. 12 1339
.. 31 1331 •• •' 23 II 59 ... ,, 15 10 2ii

Aug. 3 1020 ... Sept. 9 16 51 ... ,, 18 716

Minima of S Cancri occur on September 8 at ish. im.,

and September 27 at Hh. 14m:

A minimum of Mira Ceti will fall on July 23, according

to Argelander's formula of sines, the same perturbations

being applied as in the case of the maximum of the year,

which is computed to occur November 97.
Mr. John Tebbutt, writing from Windsor, N.S. Wales,

on April 13, states that in consequence of remarks on the

probable variability of /j Doradiis, in Nature, vol. xv.

pp. 14 and 28 1, he examined the star on February 26, and

March 14, and found it of the 8th magnitude. There is

a star, estimated gth magnitude, about thirty seconds of

time west, and twelve seconds north of it. With such an

instrument as was employed by Lacailie at the Cape
of Good Hope in 1751, /i Doradiis, with its present

brightness, would hardly have been visible. Lacailie

calls it a fifth magnitude.

Minor Planets and Comets of Short Period.—
Dr. von Asten, in the course of his recent researches on

the motion of Encke's comet, found that, although in the

interval 1819-68 the comet had experienced in each period

of revolution an almost exactly equal amount of accelera-

tion, and that this might be attributed to the existence of

a resisting medium, yet in order to connect the last two

appearances in 1871 and 1S75 with the previous ones, it

is necessary to have recourse to the hypothesis of an ex-

traordinary perturbation which, in the period 1868-71,

counteracted the influence of a resisting medium. For
certain reasons Dr. von Asten is led to conjecture that

about the middle of the year 1869, when the comet was
in the region occupied by the numerous group of small
planets (the radius-vector being about 3'2), it made so

close an approach to one of these bodies, as yet undis-

covered, that a sensible effect on the comet's mean mo-
tion was the result.

In connection with this hypothesis it may be interesting

to note that the late Prof. Hubbard, whose masterly in-

vestigations on the motion of Biela's comet appeared in

Gould's Asti-oiio}ii!Cal Journal, came to the conclusion

that the separation of the comet into two distinct bodies,

by whatever cause effected, took place in all probability

in a heliocentric position corresponding to about longi-

tude 3i8"6, latitude -f 1 2°'o, with radius-vector 4'36,

which position the comet occupied in November, 1844
{Ast. yoiirii.. No. 140). It is stated in some works that

the comet in 1846 separated under the very eyes of

astronomers ; nevertheless it is upon record that the

companion was first recognised on December 29 by
Herrick and Bradley at New Haven, but was not -again

seen until Maury rtfound it on January 13 ; and its not

having been remarked when tlie comet was first glimpsed

in the Northumberland and other powerful telescopes

may well have been owing to distance and faintness.

A radius vector of 4'36 would, until quite recently, have
been considered as placing the comet rather outside the

probable superior limit of distance of the minor-planet

group, but the discovery of Hilda by M. Palisa in No-
vember, 1875, considerably extended the limit, this body
in aphelion being distant from the sun 4'6. Although the

separation of Biela's comet, if it really took place at the

epoch assigned by Prof. Hubbard, could not have been

owing to an encounter with this particular planet, yet the

position indicated for the occurrence is clearly a possible

one fora meeting with an unknown member of the giou i.

In saying thi? much we are of course aware that the

separation may have been owing to a very different

cause, indeed it might be supposed that such a rencontre

would have left a more sensible effect upon the mean
motion of the comet.

Meteoric Fire-Balls in America.— Prof. Daniel

Kirkwood in a communication to the American Philo-

sophical Society, on March 16, gives some particulars of

meteoric fire-balls which appeared in unusual number in

the United States in the latter part of 1876 and beginning

of the present year. The circumstances attending the

appearance of eight conspicuous meteors are inclu led :

the dates were 1876, July 8 (two fire-balls), December 16

and 21, January 3, 20, and 23, and February 8. The train

of the larger meteor of July 8 was visible at least forty

minutes, the mass having been apparently dissolved or

dissipated in the latter part of its track ; the motion

about the sun was retrograde, but sufficient materials

were not forthcoming for determining the orbital velocity

or the nature of the orbit. The fire-ball of December 16

had been visible but a few seconds near San Francisco

when it apparently plunged into ihe Pacific at no great

distance trom the shore, the lall being f )'lowcd by a loud

detonation. The mettor ut December 21 wa^ rt-m.irkable

for the length of iis track, between 1,000 and 1,100 miles,

one of the longest upon record, and, n.oreover, the track

would appear to have been somewhat curved. When
crossing Indiana the principal fireball was followed

by a train of smaller meteors, many of which ex-

ceeded Venus and Jupiter in apparent magnitude ;
the

breadth of the cluster, as seen from Bloomington, was 3^,

and the length at least 20°, from which Prof. Kirkwood

concludes that the true diameter was five rniles ;
and the

length about forty miles ; several explosions occurred

during the passage ol the meteorite over Indiana and
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Ohio, and a fragment weighing about twelve ounces, fell

upon a farm near Rochester, Indiana, a part of it being
secured by Prof. Kirkwood. The body is described as
" peculiar in its structure ; being pisolitic and remarkably
friable." It is inferred that no part of the mass could
have escaped out of the atmosphere. The aerolite of

January 23, or rather a portion of it, after the final

explosion, reached the earth in Kentucky, and is now in

the collection of Dr. J. Lawrence Smith, of Louisville.

The report is stated to have resembled discharges of heavy
ordnance, in such close succession, that the different dis-

charges were barely distinguishable
; . height at first

appearance about seventy miles.

The Transit of Venus, 1882.— In Aslroii. Nac/i.,

Nos 2133-4, we have another calculation of the elements
of this transit from M. Leverrier's Tables ; it is by Dr.
Dei. hmijiler, of ihe Observatory at Bonn, who has fol-

lowed Prof Oppolzer's method for the necessary data for

reduction of Che observations which are interpolate! down
to short intervals in Paris time. There are special calcu-
lations for certain principal stations.

THE LAND OF HISSA R AND KOLAB
'TPHE eastern part of the dominions of the Emir of
-* Bokhara is the belt of land between 37° 30' .ind 39°
N.L , and 67° and 71° E.L., bordered on the north by the
now Kussian province of Saraarknnd and the Karategin,
and on the south by Afghanistan (the Balkh, Kunduz, and
the Badakshan di>tricts). It has hitherto been all but
totally unknown. M. Maieff, after having, together with
Lieut. Vishnevsky and M. F. Schwarz, thoroughly ex-
plored it m 1875, gives us a description of the land of
Hissar and partly that of Kolab {Isvcstia of the Russ.
Geog. Soc, 1876, 4th fasc), with an elaborate map, based
on numerous determinations of latitudes and longitudes,
surveys, and barometrical measurements of heights.
Two great rivers running east and west, the upper

Zerafshan on the north, and the Pandsh, or Upper Oxus,
on the sou h, are the natural boundaries of the country.
A third liver, the Shehrsebz, running in the same direc-
tum unoei 39° N.L., borders its north-western corner, and
a mass ot high t ible-land'^, the Pamir, rises to the east
of the Ko'.ib district. The wl ole land is filled with
mountain,-. (jel.njJing to the Tian Sh^n system. Two
mam ndges, whi.h boih run north-east to south-west, and
are divid. d b the broad v.illey of ihe Surl an,' form the
backbones 01 tnis holy tr ct. Secondary ri.'ges. either
p<?.rdll i to the mam oues, or spreading out of them rill

iheLO niry. But at tr.eir western e.Ktremities. th- mountain
r dge are f^r lower than we know them to be in the east.

I'hus, the ridf;e brtw-en the Shchrs bz and the Surhan,
now Called t c Hissar Ridge,^ rising above the snow-line
in its eastern put-, is tar lower in the western ; and its

highest pass, Ak-rabau is but 4 590 feet high, whilst other
passes are as low s from 2,200 to 3,600 Icet above the
sea-level. The second main rnlfje, lymg to the east of
the broad Surhan valley and running between it and that
of the Vaksh, -eems to be higher, hut yet fir below the
highlands o( Kokand or of Eastern Turkestan. Besides,
tne oighlandb are deeply cut into by larye and broad valleys
whicn have in their lower parts a prevailing direction
souih by west, running thus to the Oxus. The north-
western slope of the Hissar ridge is drained by only one
river, the Guzar-daria, an affluent of the Shehrsebz ; but,
instead of being an insigniricant stream, as on our present
maps, it appears as a mighty river fed by the perpetual
snows of the Sengri-dai;, and its up xix shores are occu-
pied b) a numerous population. Kasi of the Hissar ridge
we see a series uf r.road »ell-pco, led valleys. First,

that of the Snir-abid, from about 2,500 to 900 feel high,
with the towns Derbent, Baisun, and Shir-abad. Next,

' Tupalik on Mr. Arrowsmith's map in the Jatirn. Roy. Gecg. Soc, 1875.
Tupalan is the name of one of the upper affluents of the Surhan. I

' Its local names are ^ash-hurd. Bainm-tan, Meshai-kenteli, &c.

the valley of the Surhan river which, as well as the Guzar
and the Shir-abad, rises in the snow-covered ridge Meshai-
Kentely, and receives many affluents. Some time before
its annexation to Bokhara, this valley was a centre of the
political life of the country, and, going back in its history,

we come to a time when—a local tradition says—the
population was so dense that a cat could travel upon the
roofs of the dwellings from Denau to the Amu. Now.
the population is concentrated in the upper, better- watered
parts of the valley, where we find the towns Kara-tag,
Sary-djui, Yourchi, and Denau. Further east we have
the valley of the Kafirnagan (the Ramid of Ibis-Dast), the
source of which is about Paldorak, this river being second
in size to the Surhan. An enlargement in the upper parts

of its valley, running east and west, is well peopled, and
contains the towns Hissar, Fyzabad, Kafirnagan, and
Doshambe. Then, below Hissar, the river enters a deep
ravine, Pavi-Duldul (the foot of the Duldul, the mythic
horse of Ali), at the issue of which is the town Kahadian
(460 feet high), close to the Amu-daria.

Further east, beyond the second main ridge alluded to

above (its local names are— By-katyn, Mazi-melek, Avan-
tau, &c.), we have the basins of the Upper Oxus, /.(•., of
the Vaksh (or Surhab) and the Pandsh, which both, M.
Maieff observes, must be considered as the sources of the

Oxus. The former ri>es in the glaciers of the Alai-ridge

and runs, under the name of Kyzyl-soo, on the Pamir
table-land. After having received a great affluent, the

Muk-soo, the river bears the name of Surhab and enters

the Bokhara dominions through an impracticable deep
ravine, at the well-known bridge Pooli-sengui. After a
short course among mountains it soon emerges on a
plain some 500 feet high. Divided into many branches,
the main one about iSo yards broad, it runs to its junc-

tion with the Pandj near Kurtjan-tube. Only one of the

affluents of the Pandj, the Kchi-Surhab (little Surhab),

was explored by M. Maieff; it is formed by two rivers,

the Baldshoan and KoUb, the valley of the latter being
well peopled and cultivated, notwithstanding the exten-

sive marshes which have given their name to the town,
Kol lb.

The population of the country consists of Usbecks and
Tadjicks, the former occupying mostly the lower and
better parts of the valleys, having driven the Tadjicks back
to the upper parts. The banks of the Amu-daria, and
especially the western parts of the country, are mostly
peopled with Kungrad-Usbecks, the Tadjicks appearing
more numerous to the east. The towns contain, as usual,

a very mixed population. The lower parts of the Vaksh
and the Kolab valley are mostly peopled by Usbecks of

the Katagan tribe. Some Kirgises have begun to found
settlements in the lower parts of the Vaksh and Pandsh
valleys ; and some miserable Turkomans are strewn

among the Usbecks on the shores of the Amu. Jews,
Hindoos, and Afghans form a very small percentage of

the populrtion.

As to the climate of the country, it is easy to perceive

that it must be comparatively mild. In the higher

parts of the Kafirnagan valley there are occasionally falls

of snow about two feet deep, but the lower parts of the

valleys have a mild, rainy winter. Figs grow at Shir-

abad unsheltered during the winter. All kinds of corn

and fruits common to Central Asia are produced in

abundance. Cotton, however, is cultivated only in Shir-

abad, owing to facility of export to Karshi (on the

Shehrsebz). Rock-salt is worked in the neighbourhoods

of Guzar and on the Upper Vaksh, but it must be found

also eUcAihere, the salt springs being numerous. Two
gold mines are known on the shores of the Vaksh, and
richer ones arc rt^ported to exist in the Darvaz.

The country is under the dominion of the Emir of

Bokhara, being administered by nine bicks, vassals to

the emir, seven in the Hissar district, and two in that of

Kolab.
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HOW TO DRAW A STRAIGHT LINE"-

IV.

I
NOW come to the second of the parallel motions I said

I would show you. If I take a kite and pivot the blunt

end to the fixed base and make the sharp end move up

and down in a straight line, passing through the fixed

pivot, the short links will rotate about the fixed pivot with

equal velocities in opposite directions ; and, conversely,

if the links rotate with equal velocity

in opposite directions, the path of the

sharp end will be a straight line, and
the same will hold good if instead of

the short links being pivoted to the

same point they are pivoted to dif-

ferent ones.

To find a linkwork which should

make two links rotate with equal velo-

cities in opposite directions was one of

the first problems 1 set myself to solve.

There was no difficulty in making two
links rotate with equal velocities in the

same direction—the ordinary parallelo-

grammatic linkwork employed in loco-

motive engines, composed of the engine,

the two cranks, and the connecting rod,

furnished that ; and there was none in

making two links rotate in opposite

directions with varying velocity ; the

contraparallelojram gave that ; but the required linkwork
had to be discovered. After some trouble I succeeded in

obtaining it by a combination of a large and small contra-

parallclogram put together just as the two kites were in

the linkage of Fig. 18. One contra-

parallelogram is made twice as large

as the other, and the long links of

each are twice as long as the short.

The linkworks in Figs. 30 and
31 will, by considering the thm hne
drawn through the fixed pivots in

each as a link, be seen to be formed
by fixing different links of the same
six-link linkage composed of two
contra-parallelograms as just stated.

The pomted links rotate with equal

velocity in opposite directions, and thus, as shown in Fig.

28, at once give parallel motions. They can of course,

however, be usefully employed for the mere purpose of

reversing angular velocity.

An extension of the linkage employed in these two last

figures gives us an apparatus of considerable interest. If

I take another linkage contra-parallelogram of half the

size of the smaller one and fit it to the smaller exactly as

I fitted the smaller to the larger, I get the eight-linkage

of Fig. 32. It has, you see, four pointed links radiatmg

from a centre at equal angles ; if I open out the two
extreme ones to any desired angle, you will see that the

two intermediate ones will exactly trisect the an^le. Thus

the power we have had to call into operation in order to

effect Euclid's first postulate—linkages—enables us to

solve a problem which has no " geometrical " solution. I

could of course go on extending my linkage and get others

which would divide an angle into any number of equal

parts. It is obvious that these same linkages can also be
employed as linkworks for doabling, trebling, &c , an-

gular velocity.

Another form of " Isoklinostat," for so the apparatus is

termed by Prof. Sylvester, was discovered by him. The
construction is apparent from Fig. 33. It has the great

advantage of being composed of links having only two

pivot distances bearing any proportion to each other, but

Icc'iireat '^outh Kens'nstnn
utific Ai.p.iritus, by A. U. Ki::

it has a larger number of links than the other, and as the

opening out of the links is limited, it cannot be employed
'for multiplying angular motion.

Subsequently to the publication of the paper which con-

tained an account of these linkworks of mine of which I

have been speaking, I pointed out in a paper reid before

the Royal Society, that the parallel motions given
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there were, as well as those of M. Peaucellier and Mr.
Hart, all particular cases of linkworks of a very general

character, all of which depended on the employment of

a linkage composed of two simil.ir figures. I have not

sufficient time, and 1 think the subject would not be suffi-

ciently inviting on account of its mathematical character,
to dwell on it here, so I will leave those in whom an in-

terest in the question has been excited to consider the
original paper.

At this point the problem of the production of straight-

line motion now stands, and I think you will be of opinion
that we hardly, for practical purposes, want to go much
farther into the theoretical part of the question. The
results that have been obtained must now be left to the me-
chanician to be dealt with, if they are of any practical value.

I have, as far as what I have undertaken to bring before

you to-day is concerned, come to the end of my tether,

i have shown you that we r(?« describe a straight line, and
ho-iU we can, and the consideration of the problem has

led us to investigate some important pieces of apparatus.

But I hope that this is not all. I hope that I have shown
you (ard )Our attention makes that hope a beliel) that this

new field of investigation is ont possessing great intei est and
importance. Malhematiciarss have no doubt done much
more than I have been able to show you to day, but the

unexplored fields are still vast, and the earnest investi-

gator can haidly fail to make new discoveries. I hope
therefore that you whose duty it is to extend the domain
of science will not let the subject drop with the close of

my lecture.

BIOLOGICAL NOTES
The Tickorhine Rhinoceros.—A number of the

Memoirs of the Imperial Academy of Sciences of St.

Petersburg just issued contains an elaborate article on
the Tichorhine Rhinoceroses by the veteran naturalist,

Dr. J. F. Brandt. Dr. Brandt treats of two extinct

species under this category, which he calls R. aiitiquilatis

(i.e., R. tiiiwrliums, auctt.) and R. nierkii. With the latter

he proposes to unite R. t'lniscus of Falconer. Remaiks
are added upon A". Icptorliinus of Cuvier and other allied

species. When we consider the number of valuable con-
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tributions to science recently made by Brandt, Middern-
dorf, Kowalewski, Radde, von Schrenck, and other dis-

tinguished names of the Academy of St. Petersburg, it

becomes somewhat ridiculous to a naturahst to hear the

oft-repeated assertion of the British patriot "that the

Russians are as great barbarians as the Turks !

"

Oscar Kertwig on the pHENOME>fA of Fer-
' TILISATION.—The last number (Vol. iii., Part i) of the
!* Morphologisches Jahrbuch, contains the second part of

Oscar Hertwig's very important researches on the pheno-
mena immediately preceding the cleavage of ova in the

Echinoid Toxopneustes, in two genera of leeches, and
in the amphibia. He has watched most carefully the

process of fertilisation and the ova before fertilisation,

and has examined them after the action of various

reagents. His accounts are accompanied by very valu-

able figures. From his own observations, and a com-
parative study of other recorded facts, he appears to

have made generalisations worthy of the attention of all

biologists. The following is a brief summary of his con-

clusions. The unripe ovum is characterised by the

possession of a germinal vesicle, distinguished from all

cell-nuclei by its great relative size, by its definite mem-
brane, its more or less fluid contents, and its possession

of one or several nucleoli. The germinal vesicle in this

signification docs not become the nucleus of the first

cleavage-sphere ; in many animals it disappears long

before fertilisation, in other cases during that process or

during the ripening of the ovum. At any rate the germi-

nal vesicle loses all its distinctive characters. The active

nuclear substance, or a part of it, remains and forms a

new nucleus of much smaller size, lacking a distinct mem-
brane and true nucleoli. From a highly differentiated

form is produced a primitive nucleus ; instead of a ger-

minal vesicle we have an ovinucleus. In To,\opneustes the

retrogression of the germinal vesicle is accompanied by its

movement to the outer surface of the yolk, where it disap-

pears, with the exception of the germinal spot ; the latter

again reaches the centre of the yolk and becomes the

nucleus of the ripe ovuii^. In Hirudinea; there is an acces-

sory prelude to fertilisation, the budding-off of "directive

bodies " immediately after oviposition. After this arises a

spindle-shaped ovinucleus really derived from the breaking

up of the germinal spot. In amphibia the exceedingly large

germinal vesicle gets to the surface and disappears.

Only a small portion, one or more nucleoli, passes over

into the inconsiderable ovinucleus. The parts of the

germinal vesicle not contributed to the ovinucleus seem
no longer serviceable, and get transformed into the so-

called excretory bodies and sphere. In Amphibia a mass
of this kind appears as a yellowish covering over the dark
pole of the egg. Like Toxopneu5tes appear to be Me-
duss, Siphonophora, Ascidians, some Vermes, Arthropods,

&c., possessing in the ripe and unfertilised ova a small

homogeneous, membraneless nucleus in the middle of the

yolk or on its periphery. The Hirudines resemble Gas-
teropods, Heteropods, Pteropods, and some Vermes. Here
the ripe egg has mostly on its periphery a small spindle-

shaped nucleus. In fishes and reptiles, as in the frog, there

is a germinal vesicle with many nucleoli, some of which
form the ovinucleus. After this stage Hirudineae twice

exhibit a budding from the surface of the ovum forming
the so-called directive bodies, the ovinucleus contributing

to them. The actual occurrences of fertilisation cor-

respond very closely not only in animals but in plants.

In Toxopneustes a single spermatozoon reaches the ripe

ovum and is transformed into a small corpuscle, the

sperm-nucleus, surrounded by a protoplasmic rayed figure.

It travels in from ten to fifteen minutes to the central ovi-

nucleus and is fused with it. In Rana teinporatia the

spermatozoon enters at the side of the excretory body and
becomes like that of Toxopneustes, travelling to the ovi-

nucleus and fusing with it. In Hirudineae the sperma-
tozoon enters subsequently to the budding of the first

directive body, and after transformation gets to the centre
of the ovum and there remains till the budding of the
second body. Then the ovinucleus travels to the centre
and is apposed to and fuses with the sperm-nucleus,
which has swollen considerably. Thus in these cases
the cleavage-nucleus is formed by the union of the two
sexually-ditferentiated nuclei.

Individual Variations in Animals.—At the last

meeting of the St. Petersburg Society of Naturalists, Prof.

Wagner made a communication "On the Individual Varia-
tions in Animals, their Causes, and Results." Pointing out
that the appearance of new races, varieties, and species is

rendered possible bytheappearance,at all stages, of the de-
velopment of life of individual variations, which variations

give rise afterwards to more or less constant new forms,

the Professor sketched the causes of these individual varia-

tions, exterior and interior, insisting especially on the

importance of these latter. The causes of variability, he
said, are not only the physico-chemical influences of the

medium inhabited by the individuals, i.e., the exterior

causes, but also, to a very important degree, the interior

causes, i.e. those subjective physiological, and therefore

also psychological, individualities which characterise each
individual, and whicii mo.lify to a considerable extent the

influence of exterior influences on each separate represen-

tative of the species.

A New Cheetah.—At the meeting of the Zoological

Society on Tuesday last, Mr. Sclater described a new
species of cheetah, from South Africa, differing from Felis

jiibata in the fact that the whole body is covered with

spots of a dark yellow instead of black, and at the same
tune is considerably more thickly covered with hair. Mr.
Sclater proposed the name Felis lanea for this apparently
new species.

North American Lepidoptera.—Mr. William H.
Edwards has published a catalogue of the diurnal lepi-

doptera of North America and Northern Mexico, supple-

menting the well-known work by Dr. Morris, printed
some years ago by the Smithsonian Institution. He
enumerates no less than 506 species. This is abojt
equal to that of the previous catalogues, the addi-
tional new species being balanced by canceling names
which were synonyms or not legitimately entitled to

introduction in the North American list. The special

object of Mr. Edwards is to bring about what he considers

a satisfactoiy nomenclature, dissenting from the radical

changes which he insists Mr. Scudder has made in his

recent divisions and lists, in few of which he concurs.

A New Shell.— Mr. C. R. Thatcher, the experienced
conchological collector, has just returned to this country
after a five years' collecting journey through China,
Japan, Philippine Islands, and Australia. He has pro-
cured several new species of Murex, Cancellaria, and one
wonderful specimen of an entirely new genus. This
specimen was described at the meeting of the Zoo-
logical Society on Tuesday, June 5, by Mr. George French
Angas, by whom it is proposed to give the name
Thatcheria, in honour of its discoverer. It was the travel-

ler's particular aim to procure specimens of the rare

Cyprcca thatcheri and Valuta thaUhcri, both of which he
found a few years ago, for whicn purpose he travelled

many hundreds of miles into the interior of Japan, often

at the risk of his life.

GEOLOGICAL NOTES
Rare Minerals in the North of Scotland.—

The accidental use of a mass of granite for building pur-
poses near Tongue, in Sutherlandshire, has led to the
detection of several rare minerals, and of quite a remark-
able number of species and varieties associated in the
same mass of rock. From among the frai;ments of the
boulder pieces of a bright green stone were sent to the
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museum of the Duke of Sutherland by Dr. Joass, of

Golspie. These were afterwards analysed by Prof.

Heddle, of St. Andrews, and found to be the variety of

orthoclase felspar, termed amazonstone. For the pur-

pose of more careful examination as to the mode of

occurrence of this uncommon substance, Prof. Heddle has

recently visited the locality, which is the side of the ridge

i-ising to theeast ofthevillage of Tongue. He found the gra-

nite masstobe merely a large boulder,and had it thoroughly

broken up. It has yielded the following remarkable

assemblage of minerals :—amazonstone in simple and
twin crystals, radiated cleavlandite, lepidomelane, pinite,

fluorite, sphene, zircon, magnetite, ilmenite, allanite,

smoky quartz with peculiar faces, and a mineral which a

carefully instituted comparison shows to be thorite

passing into orangite. The specimens of amazonstone

obtained from the boulder are of unparalleled magni-

ficence. One which has been sent to the museum of the

Duke of Sutherland exhibited a surface of some three

square feet, about a dozen large crystals, of which eight

were unbroken and perfect. One crystal, unavoidedly

broken in the extraction, showed the following extra-

ordinary dimensions :—viz., a length of 15J inches, with

a breadth and thickness of ten and eight inches respec-

tively. The minute structure of these crystals is pecu-

liar, and has been fully described in a recent paper by

Dr. Heddle on Scottish felspars in the Transactions

of the Royal Society of Edmburgh. The exceed-

ingly rare thorite was found in only a small quantity.

From an examination of the granite of this and other

boulders on the same hill, it appears that they have pro-

bably come from the huge mass of Ben Laoghal, which

lies a few miles inland to the south-west. Should this be

their origin, we may expect yet to find new sources of

amazonstone, and perhaps other rare minerals among
the numerous corries and crags of that picturesque

mountain.

Tertiary Leaf- beds of Cot.orado.—Mr. E. L.

Berthoud, of the Terricorial School of Mines, Golden
City, Colorado, sends notes of a section near that place

which presents some considerable resemblance to the

sections in Antrim and Mull, where the miocene leif-

beds and lignites are associated with sheets of basalt

and tuff. The order of succession is as follows :

—

Basalt

Lignite and leaf-bed

Hard mud ly clay and sandstone

Second leaf-bed

Clay, sandstone, conglomerate

Third small leaf-bed in clay

Sandstone and clay, &c.

Basalt

lio feet

the result is fatal to the young cod and other fry which
then seek the coasts in search of food. He states that

vast multitudes of the young fish are, from this cause,

destroyed every summer and autumn in the bays and
fjords, and he accounts for changes which have taken

place in the migratory movements of seals by this whole-

sale destruction of the f9od which they used formerly to

find in the coast-waters. He recommends the utilisation

of the offal, which would not only eventually prove re-

munerative as a source^ of artificial manure, but would
remove the poisonous gases which are set free on the

melting of the anchor-ice at a time when they cannot fail

to prove highly destructive.

Origin of the Trees and Shrubs in the South
OF France.—In a recent memoir presented to the

Academy of Sciences of Montpellier, the veteran pro-

fessor Charles Martins discusses the history of those

trees and shrubs in the south of France which suffer from
severe cold, such as the carob-tree, oleander, European
palm, myrtle, sweet-bay, pomegranate, olive, fig, laurus-

tinus, ilex, vine, and others. He shows that most of these

occur among the tertiary and quaternary deposits, that

some of them, indeed, like the oleander (Ncrium oleander),

go back even into eocene times. He points to the fact

that their remains occur in the geological formations, not

only of the countries where the plants are still living, but

even of tracts considerably further to the north, both in

France and in Switzerland, where their living descendants

or analogues could not endure the severity of winter now.

The tender trees and shrubs of the Mediterranean sea-

board thus serve to prove the former wanner climate of

France and its subsequent refrigeration. They are merely
the surviving relics of a tertiary vegetation preserved by
the exceptional mildness of the climate in which they

grow. A single winter of exceptional rigour, or even a
single night of extreme cold, like that of January 13,

1826, when the thermometer fell to 9°7 below zero (Cent.),

would suffice ta destroy them. It may be presumed, how-
ever, that during at least the height of the glacial period

these tender plants were driven southwards beyond their

present northern limits, and that they have subsequently

crept north again.

The resemblance is further borne out by Mr. Ber-

thoud's list of plants, which includes Platanus aceroides,

Filicites hebridica, Populus arctica, Corylus lMc(2narii,

FagHS macrophylla, (2uercus chlorophylla, Sequoia, sp. (?),

Gymnogramina Haydeni, Cinnamomiim, n. sp., Ficus, 2 sp.

nov., Ma^iio/ia, 2 sp
,
yiiglans, 2 sp., Sabal Campbellii,

S. Grayana, and S.gvldiamis, Myrica, &c.

Influence OF Anchor-Ice UPON Fishing-Grounds.
—Prof. Hind, to whose late researches in Labrador we
recently called attention, has published some remarks on
the effects of the formation of ground-ice in retarding the

decomposition of fishoffal, and thereby in seriously

damaging the value of the Labrador fishing-grounds. He
shows that the ice formed on the sea-bottom freezes the

offal, and protects it from being devoured by sea-

scavengers and from decomposition ; that every rise in

temperature which prevents the formation of anchor-ice

promotes the decomposition of the offal ; that when this

takes place, as it does every year under a covering of

surface-ice, the water, not being aerated, becomes foul

with gases and from the removal of its oxygen, and that

U.S. NATIONAL ACADEMY OF SCIENCES
A CCORDING to the terms of its charter from Congress, the
'"^ National Academy of Sciences must hold its annual meet-

ing in April, at Washington. It holds also a semi-annual

meeting in the autumn. Its membership has been very slowly

increasing, till now it numbers nearly, if not quite, lOO. At the

last meeting, April 17-20, Prof Henry presided. The Academy
resolved to present a memorial to Congress, in favour of the

eijtablishment and maintenance of an International Bureau of

Weights and Measures with the object of promoting permanence,

precision, and uniformity in the standards, by the joint action of

the leading powers of the world, according to the convention

submitted to the Senate.

Five new members were elected :—Prof. John W. Draper and

Dr. Henry Draper of New York, Dr. Elliot Coues of Wash-
ington, Dr. S. H. Scudderof Cambridge, Mass., and Mr. Charles

S. Peirce of the U.S. Coast Survey.

The annual report of the president, Prof. Henry, recounts

briefly the year's work of the Academy. The Academy reports

progress in the work of preparing and pubhshing the scientific

results saved from the wreck of the Polaris and in general con-

tributed by the expedition in which that vessel was engaged.

This work is in the hands of Dr. Emil Bessels, the scientihc

diector of the expedition, and will be finished in three quarto

vjlumes. The first volume is already published ; it is a quarto

of 960 pages relating to astronomy, pendulum experiments,

winds, solar radiation, and meteorology in general. It is illu?-

tiated by fourteen plates, two maps, and lorty woodcuts ; only

500 copies of this volume were printed. The second and third

volumes relate to geology, pala'ontology, mineralogy, botany,

zoology, and ethnology. They will include a monogr..ph on the

Eskimo, illustrated by 100 piates and 200 woo 1 cuts. The
Academy has divided the income from the Bache fund, so as to
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cover several distinct researches, as follows :— (i) On sun-spots

and chromosphere, conducted by the late Prof. Winlock ; the

results are published, with plates, in the transactions of the

Harvard Observatory. (2) Magnetic survey of the United States,

in charge of Prof. J. E. Hilgard ; during the year twenty-6ve

new stations in New Kngland and Lower Canada have been

occHpied ; at all the stations the dip, declination, and horizontal

intensity are observed. (3) Comparisons of sensations of light
;

in charge of Mr. Charles S. Peirce. The object is especially to

ascertain the mathematical formula connecting the capacity of

the eye for light sensations with the physical variations of radia-

tion ; two sensations are compared, the one fixed, the other

variable
;
part of the results have been published. (4) Researches

on the distribution of heat on the solar surface, the laws of its

radiation and absorption, and effects on terrestrial climate ; con-

ducted by Prof. S. P. Langley. (5) Researches on the laws of

sound and the duration of vibrations of tuning-forks ; conducted

by Prof. A. M. Mayer. The work of utilising the observations

made on the transit of Venus is under direction of a committee

of which the president of the Academy is a member ; progress

has been made in this work, but it is scarcely yet ready for

report. The endeavour to obtain an appropriation for a per-

manent building to display the scientific and other material con-

tributed by the Government of the United States and other

nations during the Centennial Exhibition, failed to obtain a two-

thirds vote in the House of Representatives after passing the

Senate without dissent. The effort will be renewed at the next

ses>ion of Congress. The collections are large, valuable, and
instructive, including the costly gifts of other nations, and the

entire exhibit that was in the "Government Building " at Phila-

delphia.

During the meeting the members of the Academy were formally

invited to visit the President of the United States at the White
House. They were duly presented, and President Hayes ex-

pressed himself in a brief speech as fully appreciating the value

of scientific pursuits, and wilhng and desirous to advance the

interests of science. The reception was notably pleasant and
cordial.

We give abstracts of the more important communications :

—

Prol. Alexander Asjass z gave a brief notice of researches on
the young stages of some osseous fishes. The history of previous

researches on these points, since those of von Baer at the be-

ginning of this century, was reviewed. Prof. Aga.ssiz concludes

that with few exceptions the tail begins to be formed below the

dorsal cord. I( embiyos and very young animals are examined,

a lobe is found much developed in some and common to all.

The tail fin and the anal fin are probably modifications of the

same organ. There is a general uniformity in the plan of con-

struction of the tails of fi-hes whether osseous or otherwise.

Under the title of " Some Results of Deep-sea Dredging,"

Prof Agassiz stated views partly founded upon his general know-
ledge and study of the products and observations made during

the Challenger expedi'ion, and partly up jn information obtained

in conversations with Prof. Sir C. Wyvdle Thomson and other

members of the expedition. The fact of a point of zero tempera-

ture being in all uceans but varying in depth with latitudes, had
been indicated by previous expeditions and was fully established

by the Challenger obstrvations. At the equator a depth of 500
fathoms is needed to reach this zero line ; as we approach the

pules the depth of this line decreases till at last it is at the sur-

face. Sometimes the temperature of the lower water is 2° or 3"

below zero, but the conditions are, in general, uniform. Equally

uniform is the fauna below this line. Above it, the arctic, tem-

perate, and tropical faunas ara clearly distinguishable from each

other. There is a remarkable uniformity among the animals

of the tropical fauna, such as may have resulted if in a
previous era the isthmuses of Darien and Suez were absent, the

Sahara was covered by the sea, and an equatorial current swept
freely around the world. The deep-sea fauna is so singularly like

the cretaceous that its forms would have been at once assigned

to that epoch by most palaeontologists if they had been fossil.

The similarity if not identity of these forms indicates that there

has been scarcely any change since that era. This is true of

echinoderms, worms, and even of some fishes. It is equally

true of s. me shore anin als found both otT our coasts and in the

chalk. These have been subjected to the most varied conditions

of existence as compared with their ancestors, and yet have not

altered. There is evidence that natural selection, even under
conditions where its forces are extreme, may not bring about any
change. The present continents are probably much older than
has bter. s ipposed. There is anen'irc wan^ of evidence that

great continents existed where oceans now are. The shore mud
from our continents is washed down comparatively only a few
miles from shore ; the depths are not reached by this mud.
Other well-known theories need to be modified. At a depth of

2,500 feet Crustacea are found having good eyes. These organs

have undergone no change during innumerable centuries. There
are similar facts established as to starfish. There is no very great

number of blind animals in the ocean depths. Those that are

blind need not be classed as retrogressions from ancestors that

had eyes. Both as to blind animals in the sea and those found
in caves, it seems most probable that they were the descendants
of eyeless ancestors. In the discussion which followed this

C'lmmjnication, Prof. Agassiz said that he had long doubted
the theory of geologists respecting an immense miocene con-

tinent.

Prof. Joseph Le Conte, of Oakland, California, furnished a

paper on critical periods in the history of the earth and their

relation to evolution ; and on the quaternary as such a period.

This paper instanced and enlarged upon the breaks in the geo-

logical and palKontological records, and argued that a more
rapid rate of evolution had been operative during the intervals,

which he designated as "critical periods." The quaternary era

he regarded as one of these critical periods during which rapid

changes had taken place, but it differed from most of such periods

in the fact of its records being preserved.

Prof G. K. Gilbert described the characteristics and mode of

formntion of the Henry Mountains.
Dr. F. V. Hayden described the results of boring artesian wells

in a locality near Rawlins Springs in Wyoming Territory on the

line of the Union Pacific Railroad. The district is on the

dividing line of the watershed of the continent, some of the

streams on the sides of the district flowing to the Atlantic, and
some to the Pacific oceans. The rainfall of the district is very

small—not over six to ten inches per year. The wells were
bored to depths varying from 300 to over 1,000 feet. The water

obtained was from 1,000 to 2,000 gallons per hour ; it waslit'ted

by pumps driven by windmills. The result showed the feasibi-

lity of thus irrigating very arid regions. The wells were bored

under Dr. Hayden's direction, in a sinclinal basin which he
regarded as of tertiary formation, probably eocene ; but paljeon-

tologists who had examined its fossils had pronounced them
cretaceous. Dr. Hayden regarded this as an instance where the

chasm between the cretaceous and tertiary rocks was bridged

over ; he stated that the rocks were consecutive from cretaceous

to middle tertiaiy. This opinion was not fully ^hared by the

other geologists present, and the discussion which followed

became exceedingly animated, as it brought up qucitions long at

issue between the respective students of the rocks and of the

fossils of that region.

Major J. W. Powell presented some remarkable facts respect-

ing the public domain of the United States. Dividing the

United States into two portions, the humid, where the rainfall

is sufficient for agriculture, and the arid, where it is not, the

latter is found nearly to equal the former.

Prof. Elias Loomis, of Yale College, contributed his seventh

paper of a series entitled " Contributions to Meteorology," this

paper continuing the investigation of rain areas which was begun
m the last. Prof. Loomis selected all the cases in the United
States during fifteen months—September 1872, to November
1S73—in which the reported rainfall amounted to at least eight

inches in eight hours. For each of these cases the curves of

equal rainfall were drawn on the map and compared. The form

of these curves, though occasionally irregular, in general approxi-

mates an ellipse, of which the major axis is i ot quite double the

minor. In these cases the area of one-inch rainfall exceeded in

length 500 miles ; in six cases of one-half-inch rainfall 750 miles;

frequently the entire area is an oval of more than 1,000 miles

length and exceeding 500 miles breadth. In general the rain

area centre is east of the low pressure centre, but in several

instances the reverse was the fact, and in some cases the rainfall

appeared to have had decided influence on the storm's progress,

as to its direction. It was concluded that rainfall is not essential

to low barometer areas, nor the chief cause of their formation or

progressive motion. Such areas result from a general atmo-
spheric movement toward a central area, and may be caused l>y

unequal barometric pressure, unequal temperature, or unequal

amounts of aqueous vapour. The two last-named causes are not

comparable to the first of the three in cogency, and only deflect

i the winds slightly. The progress of areas of low barometer in

all latitudes is mainly determined by the same causes as those

„hicli determine the get^eral atmo;pheric circulation ; their
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normal direction is changed by whatever causes may change the

direction of the winds.

Prof. William Ferrel, of Washington, delivered a communica-
tion on the progressive movements of storms ; the object being

to show that the movement of great storms is (determined by the

currents—especially the upper currents—of the atmosphere.
Prof. Pickering presented the results of an investigation made

in connection with Prof. W. A. Rogers on systematic errors in

star declination. A comparison with the mean both of the

earlier and later catalogues rendered probable the existence of

systematic errors in the Gesellschaft catalogue.

Prof. Simon Newcomb presented a communication on the

secular acceleration of the moon and its increasing deviation

from uniformity through many years. He revie\^'ed the existing

theory on the subject ; the calculation of Laplace according with
Halley's estimate of the acceleration as about io| seconds of

time, to be multiplied by the square of the centuries for a given

period ; also the Adams theory, which reduces the explanation

of Laplace to about 6 seconds, leaving more than 4 seconds
to be otherwise accounted for. In ascribing the surplus accelera-

tion to diminished rotation of the earth, we are dealing with a
subject where the evidence should be carefully weighed. Much
dependence seemed to be placed on the records of ancient

eclipses. Prof. Newcomb considered these echpses separately.

The most promising of the Gieek scalar eclipses was that of

Agathocles, tyrant of Syracuse, occurring at the commencement
of his voyage to attack Carthage. l!ut we do not know on
which side of Sicily he sailed ; according to whether he was on
one or the other side of the coast, the difference of time for that

eclipse may be calculated as justifying the 10 seconds or the 6
seconds acceleration of the moon. The eclipse known as that of

Thales has a record open still more to criticism, because it came
to its historian by hearsay, and probably through tv.o or three

generations after the lapse of a hundred years. It seems curious

that if Thales predicted the year (by an estimate of lunar periods)

he did liOt also predict the day. Each of the ancient solar

eclipses yielded similar elements of doubt on careful examination.
From the lecords of lunar eclipses if all uncertain features be
weeded out, the old estimate of acceleration will be reduced one
half. The Arabian records of lunar eclipses were published at

Leyden in the early part of this century. The work is very rare.

Altitudes ol sun and moon are constantly given in it. Calcula-

tions from these eclipses give the smaller estimate of acceleration.

From all the data he has been able to study Prof. Newcomb
concludes that the whole amount of acceleration is about 8'4

seconds. He hopes to make further estimates from modern
records, having had the good fortune to pick up in Paris care-

fully compiled data of occultations going back to 16S0.
In introducing his communication on " a Proposed New

Method in Spectrum Analysis," Prof. S. P. Langley, of Alle-

gheny Observatory, said that in giving this title to his description

of his method, he believed, and, so far as he could ascertain, v/as

justified in believing, that the method in this special application

of it, was quite new. The process consists not only in placing in

juxtaposition, simultaneously, the spectra of light from two
opposite edges of the sun's disc (which had been done before),

but also in determining that when these spectra are taken re-

spectively from east and west edges, the atmospheric spectrum
lines still coincide, while the solar lines of the two spectra do not
coincide. Prof. Langley was anxious to disclaim any intention

to abate one jot of the praise due to Prof. C. A. Young for con-
clusively demonstrating that the difference of wave- lengths from
the east and west edges of the sun can be measured and its rota-

tion thereby be proved. The history of this line of discovery

was briefly given. Zollner, Secchi, and Hastings thought they
had perceived a change in the refrangibility of the light, and
Vogel, using Zollner's reversion spectroscope, obtained a dis-

placement of from "oS to o'i5 of one of Angstrom's units.

Finally, Prof. Young, using a Rutherfurd grating, showed a
velocity of the sun's equator of ini. 42s. ; and also that inde-

pendent measurements of solar and atmospheric lines gave
different results for these two classes. Prof. Langley's new
method has the advantage of great security against instrumental

errors, since the two classes of lines under like instrumental

conditions, betray their diverse origin. In 1S75, while studying

the selective absorption of the solar atmosphere. Prof. Langley
constructed an apparatus for comparing honiofjeneous light Irom
different parts of the solar disc ; use being made of two pairs of

prisms of total reflection, connected with a spectroscope so as to

give spectra from different parts of disc side by side. A photo-

metric apparatus was attached to compare the relative intensities

of light in diflerent parts of these spectra. The whole apparatus
was not intended at first for the comparison of individuil lines

of the spectrum, a purpose for which somewhat similar arrange-

ments had been used by Lockyer, Hastings, and perhaps others ;

but Prof. Young's success suggested to Prof. Langley another
and cognate method of using the principle of Doppler, to which
this apparatus is well adapted. For six months Prof. Langley
has been engaged in overcoming the instrumental difficulties of

this conception. Only within a few days has he been able to

produce complete results. When the apparatus is pointed so as

to receive the light from the north and south poles of the sun, the

lines are continuous in the two spectra ; but when the instru-

ment is rotated so as to take light from the east and west sides,

all the solar lines are found discontinuous at the junction of the

spectra, while the atmospheric lines remain continuous. If the
instrument is rotated iSo" the solar lines again appear discon-

tinuous, but the spectiTim whose solar lines were before shifted

to the right as compared with the other, will after such rotation

show them shifted to the left. In order to keep clear of any
bias of judgment. Prof. Langley was careful not to know before-

hand which way the instraraent was pointed ; but tire displace-

ment in every observation tallied with the theory. Essential aid

was given in the construction of the instrument by the use of the

choicest of glass gratings, ruled 8,600 to 17,200 lines to the

inch, which Mr. Rutherfurd, of New York, sent for the purpose
of this investigation. In the higher spectra of these admirable
gratings thirty-one lines are discriminated in the E group where
Angstrom and Kirchhoff have a dozen. On actual comparison
for the fine lines of that group more have been counted with the

grating than with the most powerful spectroscopes consisting of
trains of twelve or more prisms. The method of analysis by Prof.

Langley's instrument seems less adapted to quantitative work than
Prof. Young's, but in this respect it is hoped also to make it

useful by employing the micrometer upon the double displace-

ment obtainable in right and left hand spectra of the same order

presented simultaneously and in combination. By the observed
displacement or fixity of any line we can now discriminate cer-

tainly ;as to its solar or telluric origin. It is hoped that a

ready means of mapping atmospheric lines will thus be afforded,

since indeed they are already mapped by this process before the

eye of the observer.

Gen. J. G. Barnard, U.S.A., contributed a mathemaijcal
essay, also in part historical, on the internal structure of the

earth as affecting the phenomena of precession and nutation,

supplementary to an article under this head in vol. xix. of the
'* Smithsonian Contributions to Science," being the third of the
" Problems of Rotary Motion." The paper shows that Gen.
Barnard has coincided in Sir William Thomson's change of

view. The formation of a diurnal tide in the lluid earth is called

in doubt by this paper. In general it presents work of the kind

that Sir William Thomson was longing for in his Glasijow

address—a solution, coherently worked out, of the problem
above indicated.

Prof. O. N. Rood, of Columbia College, New York, con-

tributed two papers giving details of his researches concerning

colours. Prof. Rood used a set of brilliantly coloured circular

discs representing the chief spectrum colours, and aUo purple.

By combining in successive proportions with tr.ese colours, a

white disc, and giving the combined discs rapid rotation, the

foU'^wing results were attained : the lighter shades of vermilion

became purplish ; of orange, more red ; of yellow, more orange j

of greenish yellow, unchanged ; of yellowish green, more green;

of green, blue ; of cyanogen blue, less greenish and more bluish ;

of cobalt blue, a more violet blue ; of ultramarine, violet ; of

violet, unchanged ; of purple, less red and more violet. Exactly

similar effects were produced when violet instead of white was
used to reduce the colours. Hence the mixture with white is the

same as if the colours were moved towards the violet end of the

spectrum. Prof. Rood thinks his results tend to indicate violet

as one of the primary colours, which cannot be said of Maxwell's

third fundamental colour, an artificial ultramarine, or Bezold's, a

blue violet, careful tests of those colours having been fully

carried out. The foregoing results were laid before Mr. Charles

S. Peirce. He has reported at considerable length on the

mathematical principles involved. He regards the results as in

accordance with Fechner's law, that the sensation is proportional

to the logarithm of the excitation. When the objective brilliancy

of any light is varied, the specific subjective brightness is not

changed in the least ; but the only effect on the sensation is to

add to, or subtract from it a variable amount of a certain con-

stant sensation, which Mr. Peirce designates as the "colour of
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brightness." This ceases to be true when negative logarithnns

are involved. The yellow of the spectrum comes very near the

colour of brightness. From these considerations a diagram has

b^en constructed showing the colorific elTects of mixing white

with any part of the spectrum. The results of theory as shown
by the diagram, closely accord with those of experiment upon
the sensation of colour.

Prof. Rood also presented a paper on Newton's use of the

term "Indigo" as a prismatic colour. It was intended to

indicate the range of the spectrum between the blue and the

blue-violet regions. The order of refrangibility is thus stated :

prussian-blue and indigo ; cobalt blue ; genuine ultramarine

blue ; artificial ultramarine blue.

Prof. Joseph Le Con'e, of California, sent a communication
on the structure of the crystalhne lens and its relations to peri-

scopism. The discovery of Dr. Hermann, and his deductions

therefrom, were first considered. These are that the crystalline

lens, by its structure, is endowed with the property of forming
distinct images of objects though lying on the extreme margins

of the field of view, of forming perfect images on the retinal

screen, even to the extreme anterior margin-. Thus the eye has

an enormous field of view compared with optical instruments.

The purpose of the structure is to give periscopism to the eye.

Prof. I.e Conte believes, however, that as far as periscopism is

concerned this structure is of little if any value in man for want
of a corresponding suitable retinal structure. The indistinct-

ness of the retinal image is different from the indistinctness of

an imperfect perception of the image, the former being due to

the properties of the lens, the latter to the organisation of the

retina. In proportion as we go upward in the scale of animal
li/e we find the powers of the central spot of the optical appa-
ratus more thoroughly developed for the purposes of binocular

vision.

Prof. A. Mayer, of Stevens Institute, presented four com-
munications. He described a "Vernier microscope," which he
believes to be new. The object is to substitute an accurate and
permanent scale cut on glass for the varying errors of a micro-

meter screw. The instrument is of small cost and its errors are

not varying. On a glass plate a series of lines is cut in tenths of

millimetres ; the central millimetre is divided into ten parts.

This scale slides in carefully wrought guides in front of the

objec'.ive of a firmly fixed microscope. In the focus is another

scale so adjusted that ten of its paits accurately subtend the

image of i^ijths of the millimetre scale. Thus a Vernier is

formed which rtads down to the tuVu''i of ^ mdlimetre. The
glass slide is so shaped that its rounded conical end abuts
against the object to be measurrd. Readings to the iuU capa-

city of ihe instrument can be quickly obtained.

Prof. Mayer descrii ed his apparatus for measuring the ex-

pansion of metals and alloys under differences ol temperature.

It is believed that the coefficients of expansion, now inaccurately

known, will be more correctly ascertamed by this research.

The vibrations of tuning-forks received further investigation

by Prof. Mayer; the cost of inquiry was defrayed by the Bache
fund. The probable error in these determinations is the ji-j of

one vibration, i.e., with 256 vibrations to a second the probable
error is -r.-^,-,-, of a second. Differences in amplitude of vibration

make no difference in the vibratory period of the fork ; pressure

applied to the fork also has no effect on the vibratory period,

though it shortens the continuance of the note.

Prof. Mayer also desciibed his investigations into the distri-

bution of magnetism in long bar magnets. Some ot these bars
which were tested were five feet in length. Various methods
have been tried for ascertaining the facts of magneiic distri-

bution ; Prof. Mayer gave due credit to other workers in this

field, and described their experiments.

The Academy will hold its semi-annual meeting next autumn
at New York.

NOTES
The following is a list of the officers of the forty-seventh annual

meeting ofthe British Association which will, as we have intimated

commence at Plymouth on Wednesday, August 15 :—President

Elect— Prof. Allen Thomson, M.D., LL.D., F.R.S., F.R.S.E.

Vice-Presidents Elect—The Right Hon. the Earl of Mount-

Edgcumbe, D C.L., the Right Hon. Lord lilachford, K.C.M.G.,

Dr. William Spoltiswoode, F.R.S., Dr. William Froude, C.E.,

F.R.S., Mr. Charles Spence Bate, F.R.S. General Secre-

taries—Capt. Douglas Gabon, C.B., F.R.S., Dr. Philip Lutley

Sclater, F.R.S. Assistant General Secretary—George Griffith,

M. A., F. C. S. General Treasurer—Prof. A. W. WilHamson,

F.R.S. Local Secretaries—Messrs. William Adams, William

Square, F.R.C.S., Hamilton Whitefore. Local Treasurer—Mr.

Francis Hicks. The Presidents of the Sections are as follow :

—

.Section A : Mathematical and Physical Science—President,

Prof. G. C. Foster, F.R.S. Section B : Chemical Science

—

President, F. A. Abel, F. R. S. Section C : Geology—President,

W. Pengelly, F.R.S. Section D : Biology— President, J. Gwyn
Jeffreys, F.R.S., F.L.S. Department of Zoology and Botany,

J. Gwyn Jeffreys, F.R.S., F.L.S. (President), will preside.

Department of Anatomy and Physiology, Prof. Macalister,

M.D. (Vice-President), wiU preside. Department of Anthro-

pology, Sir Walter Elliot, K.C.S.L, F.L.S. (Vice-Presi-

dent), will preside. Section E : Geography—President, Ad.

miral Ommanney, FR.S., F.R.G.S. Section F: Economic

Science and Statistics—President, the Right Hon. the Earl

of Fortescue. Section G : Mechanical Science—President,

Edward Woods, C. E. The reception room will be opened

on Monday, August 13, at I p.m., and on the follow-

ing days at 8 A.M., for the issue of tickets to mem-
bers, associates, and ladies, and for supplying information.

No tickets will be i:sued after 6 P..M. The first general

meeting will be held on Wednesday, August 15, at 8 P.M.,

when Prof. Andrews, F.R.S., will resign the chair, and Prof.

Allen Thomson,; F.R.S., Pre-ident Elect, will assume the

Presidency,! and deliver an Address. On Thursday evening,

August 16, at S A.M., a soiree ; on Friday evening, August 17,

at 8. 30 P.M., a Discourse by Prof. Warington Smyth, M..\.,

F.R.S., on the Physical Phenomena connected witli the Mines

of Cornwall and Devon ; on Monday evening, August 20, at

8. 30 P.M., a Discourse, but by whom not yet arranged; on

Tuesday evening, August 21, at S r.M, a soiree ; on Wednesday,

August 22, the Concluding General Meeting will be held at

2.30 P.M. The local arrangements for the Plymouth meeting

are not yet matured, but we believe they will include an exhi-

bition of paintings chiefly by artists of Devon and Cornwall,

including magnificent examples of Reynolds, Opie, Eastlake,

Northcote, Couke, Prout, &c. There will be excursions to

Torquay or Kent's Hole, &c., and the Dart; up the Tamar

or Cotehole ; to the Moss Clayworks and over Dartmoor ; to

the Eddystoue Breakwater and Government establishments ; to

amoUed glaaa.the Caradoc mines, the Land's End, &c.

A RECEPTION was held by the President of the Royal Society

and Lady Hooker at Burlington House, on Wednesday evening

June 13, which was largely attended. The invitations included

ladies as well as men of science. The rooms were decorated with

plants, and there was a collection of instruments and objects ot

scientific interest. Among the novelties were new spectroscopic

instruments exhibited by Mr. Browning and Mr. Hilger ; and

Messrs. Tisley and Spiller's harmonograph curves, drawn on

smoked glass, two of which held together against a light give

some of the effects of polarised light.

A Congress on Domestic Economy, organised by the Society

of Arts, is to be held in Birmingham on July 18 and 19.

Section A is to include (l) Needlework; (2) Cleanliness; (3)

Food and Cookery ; (4) Household Expenditure ; (5) Thrift.

Section B (6), Health; (7) Sickness; (8) The Dwelling; (9)

Warming and Ventilation. Section C (10), Teaching the Sub-

jects in Elementary Schools; (11) Text- books; (12) Inspection

and Government Grants
; (13} Importance of Female Inspectors;

(14) Examinations. A number of papers are already promised,

among them bemg papers by Mrs. W. E. Gladstone and Prof.

Huxley. The Local Committee includes the Lord.s-Lieutenant
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of Staffordsliire, Warwickshire, and Worcestershire, the Bishop

of Worcester, several noblemen, clergymen, the Mayor of Bir-

mingliam, &c.

The Helvetic Society of Natural Sciences meets this year at

Bex, in Canton Vaud, from August 19 to 27. Several interest-

ing excursions have already been arranged for. Prof. Louis

Dufour, of Lausanne, will be president. English naturalists will

be heartily welcomed.

The death is announced of Lieut.-Gen. Sir Henry James,

director of the Ordnance Survey of Great Britain from 1854,

until his appointment to the command of a battalion of Royal

Engineers in 1874, since which he has lived in Southampton in

failing health. He was seventy-four years old, and from 1S44,

when he was director of the Geological Survey in Ireland, had

written on various scientific subjects.

Some bones of Litkornis emninm, an enormous bird of the

eocene period, have just been discovered in the London clay at

Sheppy by Mr. W. H. ShruUsole, of Sheerness-on-Sea. Casts

of these fossds will be taken for the British Museum.

The well-known traveller. Dr. Schweinfurth, has recently

returned to Egypt from a two months' journey through the

Arabian cesert, richly laden with scientific collections. He
proceeds to Berlin to complete the arr.ingement of the large

quantities of botmical specimens collected by him m his la e

expeditions.

No. 4 of the Quaticiiy Bidlctin of the Cairo Society of

Geiigraphy contains a valuable account, by Dr. Nachtigal, of his

visit to Wadii, as the country between Darfur and liagirmi is

called, and notes on the country of Harrar, by Mohammed
iSI iktar. The same Society has published separately an obituary

notice of the late Marquis de Compiegne, by M. C. Guillemine.

A VALUAULE and somewhat elaborate geographical sketch of

Loango and the Loango Coast, by Dr. Pechuel Losche, has been

published ^in a separate: form from the Milt/wi/ungcu of the

Leipzig Geographical Society.

The Annual Report for 1876-7, of the West London Scien-

tific Association, speaks favourably of the progress of that Asso-

ciation, which now numbers 186 members.

In the Buenos Ayres Standard of May 13 D. jFrancisco

Moreno descibes'a journey he made up the Santa Cruz river,

in .Southern Patagonia, in about the 50th deg. of S. lat. Not-

withstandmg the great rapidity of the current, he succeeded,

with three sailors, in ascending the river, taking thirty days to

it. The Sania Cruz issues from a fine lake thirty miles long and

icn broad, m S. lat. 50° 14' 22" and 71° 59' W. long. D. Moreno
was the first to sail along this lake, which he explored and

bke ched pretty thoroujhly, making considerable geological col-

licti'ins in the neighbourho.jd both of this and of other lakes in

the same region. Am<jngst these w.is Lake Biedma, in the neigh-

bourliooil of the still active volcaiso, Chalien. A river more

than 200 yards wide cjnnects Lake Biedma with Lake .Santa

Cruz.

Mr. G. Brown Goode, assistant curator of the National

jVIu-eum at Washington, has been engaged during the past winter

in investigating the natural history of the Bermudas, and Ins

recently returned with a large collection, filling twelve barrels

and forty-three boxes, and including over 1,000 bottles of inver-

tebratas in alcohol. IIis collections embrace the entire marme
fauna of the coast—fishes, molluscs, worms, &.C., many of whi.h

are believed to be entirely new to science.

Mk. KoiiERT LowF, M.P., presided on Wednesday, last week,

at a nice''nj of the cimTiit'ce formed for the purpose of orga-

nising a testimoniar to Mr. John Simon, F.R.S., late medical

officer to the Privy Council and Local Government Board, in

recognition of the long and valuable labours he has rendered to

the State, and of his eminent^services to sanitary science. It is

pro osed that the testimonial shall assume the form of a bust in

marble of Mr. Simon for presentation to the Royal College ol

Surgeons, agreeably to the wishes of the Council of that body.

The cost, together with the expenses, will probably amount to

500/. We are sure that not only members of the medical pro

fession, but all who are interested in sanitary science, will

willingly contribute to a monument to one who has done so

much for that science.

A SPECIAL direction of science and arts has been added to the

French Ministry of Public Instruction. M. Walteville has been
appointed to the new office, and it is supposed that having

nothing to do with politics, he may continue in office irrespective

of any change in the Ministry. It would be well to insure

a continuity of action and professional independence to the head

of so useful an'administrrtion.

A NEW photographic' department has been established in

France for the reproduction of scientific or artistic objects. The
laboratory will be kept up exclusively by Government. The
Stale photograpers will be required to employ the most advanced

methods and to work for the improvement of the art.

On Friday night a series of interesting experiments with the

Jablochkoff electric light took place at the West India Docks,

under the direction of M. Denayrouze. The apparatus used for

the occasion consisted merely of an electro-magnetic machine

worked by a small steam-engine, some insulated wires, and the

electric candles, which are the invention of M. Jablochkoff, and

composed, as we have already described, of two carbons placed

side by side with a slip of insulating substance between them,

which burns away with the carbon exactly in the same way as

the wax i>f a wax candle is consumed with the wick. The first

experiment in order to show the suitableness of the invention fur

dock purposes consisted in the lighting of four of the "candles"

in a large yard. The light thus obtained, which was shaded by

ground glass, brilliantly illuminated the inclosure, it being

possible to read small print at a considerable distance from the

lights, while at the same time the eyes were not affected by the

glare, as is the case with the ordinary electric light. The second

experiment was confined to the illumination of the top story of

one of the large warehouses, and this, l.ke its predecessor, was

equally successful A large vessel at the quay side was also

lighted up, as also was a portion of the quay. The whole of

the experiments were very successful, and it was stated that each

"candle" gave a light equal to 100 gas lights. The light is

Slid to be much less expensive than gas.

The Leicester Literary and Philosophical Society have com-

menced the publication of its Transactions from its foundation

in 1835, as far as material for these can now he obtained. We
have received the first two parts of this publication, extending

from 1835 to 1841 ; they contain much likely to interest not

only the members of the Leicester Society, but all who take an

interest in the progress of Iccal societies, now becoming so

widespread and efficient.

Some experimental researches on the light refraction of a

number of gases are desciibed by M. Mascart in the Annaies

Scien'ifiijues. A beam of light was sent through a collimator to

two plates of plate-glass connected toge'.herat right angles; the

halves of the beam were bent right and left by refraction through

the glass. They then went parallel through two copper tubes

containing the gases, and after refraction by a second system of

glass plates placed in reverse directions, the halves were united

again, and the beam passed through a slit to a system of prisms.
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then to a telescope. If the pressure in one copper tube were as

varied, the phases of the two parts of the beam were unhke, and

from the number of fringes, the refraction of the gas could be

determined. The influence of pressure was examined, then the

refractive power for different wave-lengths, then the influence of

temperature ; and the .-ibsolute refractive power deduced from

the various factors obtained. The numbers for the latter range

from 0-1387 (hydrogen), and 0-2706 (oxygen) to 07036 (sul-

phurous acid), and 0-8216 (cyanogen). The refraction of a gas

mixture is equal to the sum of the refractions of the mixed gases.

But the refraction of a compound is in general greater than that

of a mixture of the simple gases composing it.

As determinations of longitude increase an ever-increasing

number of control determinations are obtained. The number of

the latter in Germany and Austria is now such that M. Albrecht

has considered an attempt at equalisation of the system might

prove advantageous, as at least an opinion might be formed

regarding the degree of accuracy of the differences of longitude

directly measured, and attention would be called to the weak

parts of the system. He has accordingly, with M. Sadebeck,

attempted an equalisation of the system of longitude determina-

tions between the following stations :—Strassburg, Paris,^Mann-

heim, Bonn, Leiden, Gottingen, Bracken, Leipzic, Berlin,

Vienna, Munich, and Bregenz. An account of the investigation

appears in Aiti-oiiomischc Nachrichten, No. 2,132. A numerical

value is assigned to the various determinations, which extend

over the last fifteen years ; and this was necessarily, of course,

somewhat arbitrary in character. In a table M. Albrecht gives

for each pair of places the difference of longitude as calculated and

the difference observed, and then the difference between the

two. The greatest improvements are obtained ui the determina-

tions for Leipzig.Vienna and Berlin-Vienna (the difference for

the former being + 0-136S., and for the latter 0'l02s.) In the

former case, there was some uncertainty as to the personal equa-

tion, and in the latter two weak currents had been operated

with. The improvements are, of course, only approximate, and

the certainty of the individual improvements obtained is con-

siderable only when numerous control-determinations are to hand.

The result sufficiently shows that a very large number of control-

determinations, and an extensive establishment of the system is

necessary to remove all doubt with regard to the relative position

of the various stations.

As an illustration of the 'rapid growth of the now celebrated

Eucalyptus s^lobulus, we may mention that in the more elevated

parts of Jamaica trees now exist about sixty feet high, the trunks

of which measure a foot in diameter near the ground. These

trees have been raised from seed introduced to the island about

six years ago. It is proved that in the lowland districts the tree

does not thrive, thus upsetting its suitability for regions in which

it was at one time specially advocated.

The new Journal of Forestry, tire frrst number of which ap-

peared on May i, seems to have made a good start, judging from

the contents of the two numbers that have now been issued.

The contents are sufficiently varied to make the journal welcome

to all in any way interested in forests or forest produce, both

practically and scientifically, for we find not only articles on

forest work for the month, but also a brief resume of Mr.

Thiselton Dyer's recent address on "Plant Growth" at the

London Institution.

The additions to the Zoological Society's Gardens during the

past week include two Condor Vultures (Sarcorhainphus grvphns'),

a Chilian Sea Eagle (Geranoaetus melanolencus) from South

America, presented by Mr. John T. North ; two Chaus Cats

{Felis chaus) from North Africa, presented by Capt. W.
Renney ; a Crested Guan (Penelope cristata) from South America,

presented [by Mr. Daniel Miron ; a Green-winged Trumpeter

(Psophia viridis) from Brazil, a Common Trumpeter {Psophia

irepilans), a Demeraran Cock of the Rock [Rupicola ctocea) from

Demerara, a Black-necked Stilt (Himaiitopns nigricollis), a Sun

Bittern (Eurypyga helias), two Orinoco Geese [Chenalopex jubata],

a Capybara (Hvdrochccrus capybara) from South America, a

Moor Monkey {Seiiinopilhecus inaurus) from Java, purchased ;

six Chilian Pintails (Dafila spinicauJa), seven Summer Ducks

[Aix sponsa), bred in the Gardens.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

0.\FORD.—An examination will begin on October 2 for the

purpose of electing to a Physical Science Postmastership at

Mer.on College. The postmastership is of the annual value of
So/, for five years, to be raised after two years, 'at the recom-
mendation of the tutors, to 100/. The subjects of examination
will be chemistry and physics ; there will be a practical examina-
tion in chemistry, and candidates will have opportunities of
giving evidence of a knowledge of biology. Further information
from the tutor in physical science.

There will be an examination on October 1 1 for electing to a
Natural Science Scholarship at Exeter College. The scholar-

ship is of the annual value of 80/. for four years, without any
limit of age. The examination will be in biology, chemistry,

.iiid physics, and candidates will be expected to show proficiency

in at least two of these subjects. The examination will be to a
large extent practical, but special weight will be given to a
knowledge of general principles. Further information may be
obtained from the Natural Science Lecturer, Prof, E. Ray
Lankester.

Mr. M. J. Jackson, of University College, London, has been
elected to the vacant (Holmes) Scholarship in Natural Sciences
at St. John's College. The scholarship is of the annual value
of 100/. for five years.

Manchester.— Prof. Boyd Dawkins, F.R.S., has just com-
pleted his course of Field Lectures on Geology, at Owens College.
Upwards of forty students—the largemajonty ofwhom were other
than regular students of the College—availed themselves this

>ear of the opportunity offered for acquiring some practical

knowledge of geology. Excursions were made to the mountain
limestone of Derbyshire, the coal measures near Oldham, the
Permian rocks of Alderley Edge, where the copper veins dis-

seminated throughout the sandstone were studied, and where
traces of prehistoric man, in the shape of a few flint implements,
were discovered. During Whit week Oxford was visited, and
the Oolitic beds of the neighbourhood were explored.

During the session which has just closed, 100 students havs
worked in the chemical laboratories of Owens College, while the
number of students attending the various courses of chemical
lectures has amounted to about 200. Over a dozen original
cui.imunications have proceeded from the chemical department
during the session.

Taunto!>i College School.—An address of sympathy with,

and confidence in, the Rev. W. Tuckwell, head-master of the
Taunton College School, is published in the local and educa-
tional papers, with the signatures of nearly all the parents. It

appears that the school is heavily in debt, and that the numbers,
chielly through an attack uf fever, have fallen below the paying
point. The panic-stricken officials have selected the head-
master as a scapegoat, attribute the loss in numbers to his
" unpopularity," and are endeavouring to drive him to resign,

a movement against which the parents protest in very animated
terms. The part taken by this school and its head-master in

working out and popularising the systematic teaching of science
in company with the old-fashioned classical curriculum impels
us to record these facts, and to look with interest for the result

of this latest struggle between Philistinism and culture.

University College of Wales.—A Welsh gentleman
engaged in business in London, in addition to sums of 250/.,

2,500/., and 1,100/. (the last sum in conjunction with his brother)
previously subscribed, has just placed in the hands of the Council
of the University College of Wales, a sum of money to be used in

promoting scientific agriculture in Wales. According to a
circular just issued, " one of the means proi)Osed to be adopted
in furtherance of this object is the delivery of courses of lec-

tures free of charge to persons engaged in tuition in Wales,
whereby they may be qualified for giving elementary instruction
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in the principles of 'agriculture in their several schools." Prof.

Henry Tanner, M.R.A.C., examiner for the section under the

Government Department of Science will, on August 7 next, begin

a course of twenty lectures, to be continued from day to day, at

the College in Aberystwith.

The UiNivER-siTiEs' Bill was read a third time in the House
of Commons and passed on Monday, and a first time in the

Upper House on Tuesday.

Adelaide.—We have received a copy of the Calendar of

Adelaide University for 1S77. This University has at present

only four professors, wiio represent very fairly the main branches

of literature and science. There is only one profes-or for

Mathematics and Natural Philosophy, and the professor of

Natural Science gives instruction in Chemistry, Geology, and
Botany. We hope the University will soon be able to carry the

principle of sub-division of labour into these two professorships,

and thus promote efficient teaching, and at the same time relieve

the,e two professors of a burden they ought not to be made to

bear in this advanced age. There are some points in which our

home universities might advantageously imitate that of Adelaide.

Judging from the programme of the B.A. examinatioii, the

Adelaide graduates must be possessed of a more varied amount
of knowledge than the ordinary graduates of our universities.

Some knowledge of physical science (physics and chemistry),

must be possessed by every graduate, and a choice of subjects is

given in the second and third stages, whereby a candidate can

take his degree either through literature or science. The Uni-
versity possesses a few valuable scholarships, one, of the value of

200/. per annum for three years, being awarded after examina-
tion in mathematics and natural science, the holder being
required to proceed to England, take a degree in science at the

London University, and undergo a training in engineering. We
cannot but admire the lines on which education is conducted at

Adelaide, and we trust the University may soon be able to

extend its staff of teaching.

Berlin.—The report of the Berlin University for the present

year shows an attendance of 2,237 students, a decrease of 253
on the past year. The lectures are also attended by 2,oSo other

persons not connected with the University. Tlie students are
divided among the faculties as follows :—Theology, 135 ; law,

792 ; medicine, 297 ;
philosophy (philology, history, &c. ), 644 ;

mathematics and natural sciences, 369. 194 students are from
foreign countries, including nine English and thirty-nine Ameri-
cans. The professors and privat-docenten number 200—fourteen

in the theological, eighteen in the legal, seventy-four in the

medical, and ninety-four in the philosophical faculties. The
University library contains but 60,000 volumes, the royal library

of 700,000 volumes being chiefly used.

Upsala.—The Abo Uiidarattchcr states that the Imperial
Academy of Sciences of St. Petersburg will be represented by
MM.|Gadoline and Grote at the celebration of the 400th anni-

versary of the foundation of the University of Upsala.

SCIENTIFIC SERIALS
American Journal of Science and Arts, June.—An account

of the discoveries in Vermont geology of the Rev. Augustus
Wing (continued), by James D. Dana.—On barite crystals from
the Last Chance Mines, Morgan County, Missouri, and on
Gotliite from Adair County, Missouri, by G. C. Broadhead.

—

Estimation of chromium and aluminium in steel and iron, by
Andrew A. Blair.—On the chemical composition of triphylite

from Grafton, New Hampshire, by S. L. Penfield.—On a new
mode of manipulating hydric sulphide, by Josiah P. Cooke, jun.

—On a base derived from a waste product in the aniline manu-
facture, by C. Loving Jackson.—On an association of gold with
Scheehte m Idaho, by B. Silliman.

VerJiandlun^en Jcr k. k. zoologisch-botanisc/ien Gesellschaft in

Wien, vol. xxvi. (Parts I. and II.), 1876.—The followingare the
principal papers in this volume :— Synopsis Cecidomydarum, by
J. V. Bergenstamm and P. Low.—On the structure and habits
of lichens, by Dr. Arthur Minks.—On the ornithological fauna
of the Austrio-Hungarian Empire, by A. Pelzeln (fourth paper).
—Biology and characteristics of Psyllodje, with description of
two new species of the genus y'.fj'//rt, by Dr. F. Low.—On the
flora of fungi in Hungary, by Fr. Haslmsky.—On the butterfly

fauna of Surinam, by H. B. Moschler.—Mycological researches,

by Schulzer von Miiggenburg.—On the lichen-flora of New
Zealand, by Dr. A. von Krempelhuber.

Reale Istituto Lombardo di Scicnze e Letlere, Rendiconti, vol. x.,

fasc. viii.—On the encystment of the Proteus of Quanzati [Am-
phtleptiis jnoniligcr, Ehr. ), by M. Maggi.—Theory of reticular

woodwork combined with an articulated system in modern
American suspension bridges, by M. Clericetti.—The silk of the

Bombyx mylitta, by M. Gabba.

The fahrbuch der k.k. geologischen linchsanstalt (1876, vol,

xxvi., Oct. -Dec.) contains the following papers:—On the ore

deposits of the southern Bukowina, by B. Walter.—On the soda
and Szek-soil in the Hungarian Lowlands, by E. von Kvassay.
—On some green slate of the Saxon Erzgebirge, by Dr. E.

Geinitz.—On the petrographical condition of the tuft-stones

occurring in the Devonic formation at Graz, by Joh. Terglav.

—

On some rocks from the neighbourhood of Rosignano and Castel-

lina Maritima to the south of Pisa, by Dr. Friedrich Berwerth.

SOCIETIES AND ACADEMIES
London

Royal Society, June 14 — " On the Minute Structure and
Relationships of the Lymphatics of the Mammalian Skin, and
on the Ultimate Distribution of Nerves to the Epidermis and
Sulsepidermic Lymphatics," by George Hoggan, M.B. , and
Frances Elizabeth Hoggan, M.D. Communicated by Dr
William Farr, F.R.S.

"Refractive Indices of Glass," by J. Hopkinson, D.Sc, M.A.
Communicated by Prof. G. G. Stokes, Sec. R. S.

"Electrostatic Capacity of Glass," by J. Hopkinson, D.Sc,
M.A. Communicated by Prof. Sir Willi.am Thomson, F.R.S.

" On the Difference of Potential produced by the Contact of

different Substances," by Prof. R. B. Clifton, F.R.S.

Linnean Society, June 7.— Prof. Allman, F.R.S., president,

in the chair.—Dr. Maxwell Masters read an interesting paper on
the "Morphology of Primroses." Hitherto much discussion has
aiisen with reference to the superposition of the stamens to the

petals, the free central placenta, and the nature of the ovules in

the Primulaceae. From a lengthened study and comparison of

the development of the flower, minute structures, and pheno-
mena of monstrosities, the author arrives at conclusions differing

somewhat from those hitherto held. Cultivation is not the

reason of the frequent structural variation, for deformed Primu-
lacece in the wild state are far from uncommon ; indeed the wild

primrose itself is very much subject to such changes. Certain

genera and species are more frequently found deformed than are

others ; for instance, the cowslip is less subject to change than is

the primrose. Entering into all the more important variations

observed by the author and recorded by others, in various parts

of the flower, he sums up : (i) Thct the petals of most Primu-
laceje are late outgrowths from the receptacular tube. (2) That
the placenta is a direct prolongation of the receptacle or axis,

and without apex or side connection with the carpels. (3) The
placenta occasionally in monstrous flowers arises from the margin

or centre of carpel, but sometimes is detached, the detached

placentic cohering like a solid column. (4) Staminal and car-

pellary leaves may occasionally be div'ded or lobed. (5) The
ovular coat is essentially foliar, representing blade or undivided

leaf, and is not a direct production from the axis. (6) Processes

of carpellary leaf may be infolded, thus forming secondary

carpels.—The Rev. G. Henslow followed by a " Note on the causes

of numerical increase of parts of plants." In this he classified

the various methods and causes of the increase of parts of leaves

and floral whorls, more especially with the view of limiting each

of the various kinds to its proper cause respectively.—The secre-

tary briefly indicated the contents of a paper by Mr. Marcus
Hartog, " On the floral development and symmetry in the order

Sapotace:^." From the extracts read of this communication it

appears the author, from observation of growing plants in

Ceylon has independently arrived at and here brought for-

ward further evidence tending to the same results propounded
by the two foregoing home botanists.

—
" On the nymph stage

of the Embidje, with notes on the habits of the family, &c.,"

was next read by the author, Mr. R. McLachlan. He
stated that in 1S37 Prof. We twood (in Trans. Linn. Soc.)

instituted the characters of Embia, a genus of insects allied to

the white ant. Lately (therefore forty years after) Mr. Michael,

of Highgate, discovered some orchids partially destroyed by an

insect found to belong to the Embidae, and subsequently the nymph
form obtained fills a gap in the iniicct's history. Mr. McLachlan,

in allusion to the habits, recorded by Mr. Lucas and others, men-

tioned its being carnivorous and spinning a silken web like that

of a^spider, which, however, Mr. McLachlan beUeves to be for
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protection from its enemies, while he doubts its carnivorous pro-

pensities, regarding it as probably a vegetable feeder. He then

entered into the subject of systematic position, structure, distri-

bution, number of species, concluding with a detailed description

and zoological remarks on those forms of the Embidx now
known. He observed that the larva: of a species of Eiiibia has

been noticed in fossil amber. The living forms inhabit both

hemispheres at spots wide apart. None are known from Aus-

tralia.—Mr. G. Busk verbally explained the more important

points in the succeeding paper, viz., " Observations on British Poly-

zoa," by the worthy field naturalist, Mr. Charles Peach. The latter

has faithfully described and delineated a number of forms of this

marine family, some of which he regards as new to science, and
of other known genera and species he adds much information

regarding their habits and hiitory. For instance, Scnipoallaria

struposa he shows has tubulous wool-fibre-like roots armed
with spines, and by which it attaches itself to certain sponges,

&c., a fact previously unknown.—A notice of the Lichens of the

ChalUnger expedition, by the Rev. J. M. Crombie, and on Crus-

tacea inhabiting certain hollow sponges, by Mr. Edward J. Miers,

were two papers read in brief extract.

Zoological Society, June 5.—Prof. W. H. Flower, F.R.S.,
vice-president, in the chair.—A communication was read from
Dr. A. B. Meyer, inclosing a paper by the late Dr. Bowerbank,
describing five new species of sponges, discovered by Dr. Meyer
at the Philippine Islands and New Guinea during his recent

travels in the Eastern Archipelago.—A communication was read
from Mr. E. L. Layard, F.Z. .S., containing some remarks on
the exact localities of certain species of Birds of the Islands of

the South Pacific.—A second communication from Mr. Layard
contained remarks on a paper by Mr. R. B. Sharpe on the

Cuculida; of the Ethiopian Region.—A communication was read
from Mr. Arthur G. Butler containing an account of a collection of

Lepidoptera, madeat Cape York and on the south-east coast ofNew
Guinea by the Rev. J. S.MacFarlane. Of these five butterflies and
four moths were described as new to science.—Dr. A. Giinther,

P'. R.S., read a report on a collection of fishes made during the

late Arctic Expedrtion by Mr. Hart, Naturalist on board H.M.S.
Discovery. Among them was a new species of Charr, from a
lake near the winter-quarters of the Discovery, which was pro-

posed to be called Sah?io jiaresi.—A communication was read

from Mr. D. G. Elliot, F.Z S. , containing a review of the genera
and species of IbidinEe or sub-famrly of Ibises.—A communica-
tion was read from Mr. Martin Jacoby, containing the descrip-

tions of some new species of Phytophagous Coleoptera from
various pans of the world.—Messrs. P. L. Sclater and O. Salvin
read descriptions of six apparently new species of birds from col-

lections lately received from Ecuador and Peru. Amongst these

was a remarkable new duck of tire genus Fidigula from the

vicinity of Lima, Peru, proposed to be called Fuligula natioiti

after Prof. Nation, its discoverer.—Mr. A. H. Garrod read the

third part of his series of papers on the anatomy of Passerine
birds, and treated specially 01 some modifications of the Tracheo-
phonrne laryn.x which he had lately ascertained to occur in the
genera Pteroplochiis and Crallaria. —ftli. George French Angas
communicaed noies on a collection of land and fresh-water shells

from South-west Madagasc ar ; amongst these Mr. Angas pointed
out three new S|- ecies of Hrlix, one of BnUmus, and one of Pliysa

which he propo>ed to call J-Jeiix watcrsi, //. baistofti, H. ekon-

gocnsis, Bulwius bahtotii, and Physa nindagascariensis.—A second
communication from Mr. Angas contained the description of a
remarkable shell from Japan, which he named Tliatchera mira-
hdis, also the description of a new species of Leiodomus from
Kurrachi, Scinde, proposed to be called L. kurrachensis.

EntoiBological Society, June 6.—J. W. Dunning, vice-

president, m the chair.—Mons. Rene Oberthiir, Rennes, France,
was elected a foreign member.— Mr. J. \V. Douglas exhibited
sixteen species oi Psyllid,^ (four of them being new to Britain),

which he had taken during the latter half of 1876. Mr. Douglas
took the opportunity of calling the attention of entomologists to

the wide field for investigation offered by these insects, the eco-

nomy of many of the species being still quite unknown.— Mr.
F. Grut exhibited a white downy nest from Jamaica supposed to

be the work of some insect.—Mr. H. Goss exhibited a dark
variety of Chora i^labraria.—Mr. C. O. Waterhouse exhibited a
magnificent dragon-fly from Borneo. This insect, which is new
to science, he has proposed to name Gfnacaiii/ia pla^iata. The
specimen, a female, measured more than six inches in expanse.—The Secretary read a circular from Dr. Buchanan White, of
Perth, soUciting specimens of Hemiptera (especially exotic) from

entomologists, as he was engaged in working out that order of
insects.—Dr. Sharp communicated a note on some species of
Rhyncophorous beetles from New Zealand, which had been
sent to Dr. Leconte for examination.— Mr. Pascoe made some
remarks upon the foregoing note.—Mr. J. W. Slater com-
municated a paper on the food of gaily-coloured caterpillars,
in which he attempted to show that brightly-coloured larvje
generally fed upon poisonous plants.—A discussion ensued, in
which Messrs. Dunning, McLachlan, Waterhouse, and Meldola
took part. Mr. Meldola called the attention of the Society to
the explanation of the subject given by Wallace in 1S67, and
exhibited some butterflies which were the sole survivors of an
old Indian collection, the greater part of which had been demo-
lished by mites. The surviving specimens all belonged to pro-
tected genera (Euplcca, Danais, and Papilio), proving that the
quality which rendered these insects] distasteful was, to a certain
extent, retained after death.

Anthropological Institute, June 12.—Col. A. Lane Fox,
F.R.S., vice-president, in the chair.—Mr. W. J. Knowles, of
Ballycully, read a paper on some recent discoveries of flint im-
plements, worked bones, and other objects in a kitchen midden at
Ballintoy, co. Antrim.—The director then read some notes on
customs of the Caledonia women of Stuart's Lake and Eraser
Lake Indians, and two legends of the Langley Fort Indians, by
Mr. Gavin Hamilton, of the Hudson Bay Company (communi-
cated by Dr. John Rae,F.R.G.S.)—Staff-Surgeon Messer, R.N.,
M.D., then made some interesting observations on the subject of
poisoned arrows, as used by the South Sea Islanders, and the
efi'ects, moral and physical, of them on Europeans and blacks.

—

Mr. G. M. Atkinson exhibited for the Rev. J. C. Roger,
Rubbings from a Runic inscription found on a stone in Cunnings-
burgh churchyard, Shetland Isles, and of a stone with Oghams,
found five feet below the surface at Lunnasting, Shetland Isles.

Victoria (Philosophical) Institute. —The Rev. Isaac Taylor
read a paper on the history of alphabets. De Rouge's great dis-
covery has proved that the alphabet is the oldest existing monu-
ment of human civilisation—^older than the pyramids. T here were
three stages in its invention : — i. Ideograms—pictures of things.

2. Phonograms—symbols of words and syllables. 3. The letters
of the alphabet. Alter giving a brief account of the syllabic writing
which was developed by the Japanese out of the Chinese, and by
the C)prioles out of the Cuneiform, he went on to explain De
Rouge's discovery of the mode in which the Semites had se-
lected twent)-two letters out of the 400 Egyptian hieroglyphics,
and thus formed that first alphabet which had been the parent
of all alphabets in the world. He showed how all the alphabets
of the world were to be traced, by means of the Moabite stone,
to their source in the Egyptian hieroglyphics. He went on to
explain the causes of alphabetic change :

—

\. Those due to nature
of writing materials—clay, stone, papyrus, parchment, palm-
leaves, 2. Indolence in the writing. 3. Need of legibility.

Cambridge
Philosophical Society, May 21.—Mr. Pearson read a paper

on one passage in Hesiod and three in Ovid's Fasti, which he
said he considered might be properly tested and illustrated from
modern astronomy. Admitting, as is often averred, that many
allusions of this nature in the classical authors are inaccurate or
wrong, some he thought might be still found to have the stamp
of truth about them. Hesiod says (Op. et Di. 564-67) that
sixty days after the winter solstice Arctuius rose during twilight
in the evening. Arcturus's position for January i, 1875, is

given in the Nautical Almanac as R.A I4h. gm. 55s., Dec. 19°
50' 224" N. If we convert these data into latitude and longitude,
reduce the star's longitude by about 36' 10', which, at the annual
rate of 5o"-i {ox pr^LCsswii will bring us to about 730 B.C., and
reconvert the star's new longiliide and latituuc into R.A. and
Dec, we shall find that the position of the star in the early part
of the eighth century B.C., which may be fairly taken to repre-
sent the era of Hesiod, was something about I2h. 6m. R.A.
ar"! 33° 30' north dec. On Feb. 20, at that time, in lat. 384°
N., about the situation of Ascra and Helicon, the sun would set
about 5.40 P.M., while Arcturus would rise above the horizon
atiout 5.53 P.M., a relative position of the two luminaries which
fairly answers to the words of the poet. And while investigating
the position of the star, Mr. Pearson said he found he had unin-
tentionally explained, as he believed, the epithet "late-setting,'
applied to Arcturus in Horn. Od. E' 272. Arcturus at that
epoch would first have been visible at the time of its morning
setting about May 24, and would set June I at 3.30 A. M., July I

at 1.32 A.M., Aug. I at 11.30 P.M. During the early summer,
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therefore, when the Greek seaman or agriculturist was often

spending the nights out of doors, the late time at which this

brilliant star would set must have been quite unmistakable, and
Ulysses is naturally described as keeping his eye fixed on it while

sailing eastwards, as carefully as he kept the Bear on his left.

Again in the " Fasti " of Ovid, i. 654, ii. 76, we are told that

Lyra, or Ve^, was last visible when setting in the evening, about

February I. " Ubi est hodie, quae Lyra fulsit heri ? " Em-
ploying again the method of calculation indicated above, we find

on that day at Rome the sun would set about 5.10 r, M., and
Lyra about 5.44. As the days at that time of the year are

rapidly lengthening, while the star would set earlier every day,

it is obvious that the date assigned for the last appear-

ance of the latter is nearly exact. Ovid's references to

Arcturus are not at first sight so satisfactory. May 26th

and June 6th (" Fasti v. 733, vi. 235) are both assigned as

the first days on which he is visible, probably by a mistaken

reference to two different modes of calculating the time of a

star's rising. On May 26 the star would rise at 4.25 a.m., on
June 6 at 3.43 a.m. The sun on the former day rises at Rome
about 4.35, and on the latter at 4.30 a.m. If we consider Ovid
to have consulted two different authorities, one of which gave
the true and the other the visible heliacal rising of the star, no
reasonable exception can be taken to the value of his state-

ments, lie makes, however, a remark about Capella which
seems really erroneous. Me says (" Fasti " v. 113) that she rises

on May 1st, i.e , is then first visible in the morning. But at the

time when Ovid lived she would, according to the mode of

compulation used in the previous examples, have risen about

3.0 A.M., while the sun would not have risen until after 5.0. We
have a similar apparent mistake in Pliny and Columella, nearly

contemporaries, who fix Arcturus' rising for the 23rd or 21st of

February. On that day the sun would set at Rome about 5.35
r.M., whereas the star would not pass the horizon before 6.30

P.M. They seem to have copied from Hesiod without any thought.

The late Mr. F. Baily, in his edition of "Ancient Star Catalogues,"

published in vol. xiii. of the Memoirs of the Royal Astronomical
Society, does not seem to have actually compared the positions

there given to any of the principal stats with those which in the

present day we must suppose them to have then occupied. As,
however, the present rate of change in the obliquity of the

ecliptic would have made it in the time of Eratosthenes (230
li.c. ) about 23° 43', whereas that astronomer fixes it roughly at

23° 51', it is to be hoped that, making allowance for inaccuracies

in the .MSS., such a process of verilication may be attempted
with some prospect of success ; and possibly some explanation

found of Ptolemy's idea that in his time (a. D. 140) the amount
of 3.nmi2\ precession was only 36".— Mr. J. W. L. Glaisher com-
municated to the society a ten-figure table of the values of f' and
t''-, with their logarithms from ,< = i to jr = 500 at unit inter-

vals. The table was intended to accompany Prof. F. \V. New-
man's table of e-", and will appear with it in the Traiisaclions

of the Society.

Paris
Academy of Sciences, June it.—M. Peligot in the chair.

—

The following papers were read :—On the densities of v.ipour
;

reply to M. II. Sainte-Claire Deville, by M. Wurtz.—On the

atomic notation ; reply to M. Berthelot, by M. Wurtz.—Second
note on the Nouvelle Navigaliou of M. Villarceau, apropos of

the interior sea of the Algerian .Sahara, by M. Naudin. He
urges that the result would very probably be an immense pesti-

lential focus. The slope would be slight, and the depth of water
in the border of the lake small. A large portion of land would
thus be alternately covered with water in the rainy season,

and left dry in the summer ; and with the mixture ol salt and
fresh water, bright solar light, and tropical heat during two-thirds

of the year, there would be active generation of organisms, the

putrefaction of which must corrupt the air all round.— Theory for

finding the number of co-variants and contra-variants of order and
degree, given, linearly independent of any system ol simultaneous
forms containing any number of variables, by Mr. Sylvester.—On
the rotatory polarisation of quartz, by MM. Soret and Sarasin.

They have extended their researches to the ultra-violet radia-

tions, using the light had from induction sparks between cad-

mium points and applying the spectroscope with fluorescent eye-

piece.—Observations on the ovigerous tubes of the Phylloxera,

by M. Boiteau.—Results obtained at Cognac since 1875, ^"i

the use of alkaline sulpho-carbonates, by M. Monillcfert.

—

On the use of sulpho-carbonates, by M. De Georges—On a new
electric lamp with oblique circular rheophores, by M. Regnier.
He was led to this arrangement from having observed that with

rheophores meeting angularly the most of the light was emitted
at the summit of the angle. The occultations—hitherto inse-

parable from carbon discs—are suppressed. Each rheophore has
its own clockwork movement, and the motors, pivoted, can
oscillate with their respective rheophores. One is manccuvred
by the operator, who puts the carbons in position ; the

other, commanded by a solenoid in the circuit, oscillates

automatically, bringing the carbons in contact, or sepa-

rating or approximating them at the proper time.—M. Cance
presented a new system of electro-magnets with multiple cores,

in which M. Camacho's tubular cores are replaced by small soft

iron rods juxtaposed, and enveloping, two by two, the different

layers of spiral ; this gives certain advantages.—M. Trouve pre-

sented an improved sound for wounds caused by fire-arms.

—

On the infinitely small displacement of a dihedron of invariable

size, by M. Mannheim.—Historical remarks on the theory of

motion of one or several bodies, of constant or variable

forms, in an incompressible fluid (continued), by M. Bjerknes.

—

On certain functions, similar to circular functions, by M.
Appell.—Comparative study of observations by day and by
night ; second note, by M. Perrier. He finds that azi-

muthal observations by night have a degree of precision

at least equal, if not superior to that of observations by day,

and thinks they should forthwith be introduced into the practice

of geodesy.—On the determination of the zenith of a ship or

point observed at sea by means of straight lines of height ; in-

sufficiency of the zenith or place of the ship called ///<• most pro-

bable ; determmation of a point nearest the true zenith, by M.
jSertot.—Researches on the use of magneto-electric machines
with continuous currents, by M. Gramme. With baths

coupled in tension, M. Wohlhill, of Hamburg, got a deposit

corresponding to 43 kilogr. of silver per hour, whde expending
15-horse power on the machine. M. Gramme describes several

experiments by himself of this nature. — Influence of a mechanical

action on the production of various hydrates in supersaturated

saline solutions, by M. Gernez.—On the new general method of

synthesis of hydrocarbides, acetones, &c. , by MVI. Friedel and
Crafts.— Researches on normal propylene, by MM. Reboult and
Bourgoin.— Composition of a substance formed on an iron rod

altered by a Siemens gas furnace, by M. TerreiL Under the

simultaneous action of the oxidising and reducing gases of the

furnace, the iron was transformed almost wholly into anhydrous
protoxide of iron. M. Daubree made some remarks^on this.—
On the asparagine of amygdalene ; hypothesis on its physio-

logical role by M. Portes.

CONTENTS Page
The Organisation ok Natural History Museums. By Prof. W.
BovdDawkins, F.R.S 137

Cauboniferous Flora of Central France. By Prof. W. C.
Williamson, F.R.S 138

Our Book shelf ;

—

*' Annies do Observatorio do Infante D. Luiz. Magnetismo
Terrestre."—John Allan Broun, F.R.S. .^ 139

Malet's " Incidents in the Biography of Dust " 139
Lubavin's "Chemical Physics" 140
Calderon's " Enumeracion de los Vertebrados Fdsiles de Espaiia" 140

Letters to the EniTOR :—
Museum Reform — F. W. Rudler ; William Gee ; Arthur
Wm. Waters 140

The Antiquity of Man.-Dr. James Geikie, F.R.S. ; Sydney B.

J. .Skertchlv 141

Nicephore Niepce.—H. Baden Pritchard 142

Japanese Mirrors.— R. D. Darbishire 142

Colour-Sense in Birds.—Paul Henry Stokoe 143

Our Astronomical Column :

—

Variable Stars - 143

Minor Planets and Comets of Short Period 143

Meteoric Fire-Balls in America 143
The Transit of Venus, 1882 144

The Land of Hissar and Kolab . . 144

How to Draw a Straight Line, IV. By A. B. Kempe, B.A. (WjM
Itliistratitms) 145

Biological Notes :

—

The Tichorhine Rhinoceros 146
Oscar Hertwig on the Phenomena of Fertilisation 147

Individual Variations in Animals 147

A New Cheet.-ih 147

North American I.epidoptera 147

A New Shell 147

Geological Notes:—
Rare Minerals in the North of Scotland 147

Tertiary Leaf-beds of Colorado 148

Influence of Anchor-Ice upon Fishing-Grounds T48

Origin of the Trees and Shrubs in the South of France .... 148

U S. National Academy of Sciences 148

Notes 151

University and Educational Intelligence 153

SciBNTipic SER1AI.S 154

SOCIBTIKS AMD ACABKMIBS 154



NATURE 157

THURSDAY, JUNE 28, 1877

SOLDIERS ' RA TTONS

THAT Soldiers' Rations are not without influence upon

a campaign no one will dispute. It is not enough

to have murderous weapons and big battalions to insure

conquest nowadays, and in the last two little wars'in which

this country engaged these were indeed of secondary im-

portance. The Abyssinian campaign, when our troops

marched nearly four hundred miles across a rugged and
unknown country, has been justly termed a victory of engi-

neering, while the Gold Coast expedition, by reason of the

efficient sanitary arrangements which reduced to a mini-

mum the deadly effects of a terrible climate, may be fitly

called a doctor's war. No doubt in the case of European

struggles, far more depends upon the purely military ele-

ment ; but if the Prussian needle-gim contributed in a

great measure to the defeat of the Austrians at Sadowa,

it is none the less true that the famous Eii's^vurst, or pea-

sausage, of the Germans had much to do with their

maintaining the siege of Paris during the long cold winter

months of that capital's investment.

It is a little difficult to institute comparison between

the nutritive qualities of the rations served out to soldiers

in various countries. A soldier in the field, whether

marching or fighting, must put forth more muscular

energy than in times of peace, and according to

Dr. Parkes and other authorities, it is the nitrogen

in his food, more than anything else, that is neces-

sary to the activity of the muscle, and this is required

in greater quantity in proportion to the increase of work.

That hard labour can be performed for some time without

any increase of nitrogenous diet is true no doubt, but in

this case it is at the expense of the nitrogenous consti-

tuents of other parts of the body, in the neighbourhood of

the muscle, and it would be impossible for a man to con-

tinue such labour for any length of time. Whether the

nitrogenous matter he assimilates is contained in meat
or bread seems to be a matter of little import. An English

soldier who gets a three quarters of a pound ration of

meat daily is said to be no better off, as regards the

nutritive character of his diet, than a German soldier,

whose staple food is rye bread, and this one can well

believe, looking at the constituents of the two food-stufifs.

Meat from a lean animal, contains but I2'S per cent, of

nitrogenous matter, whereas samples of rye which have

been analysed, have been found to contain as much
actually as 15 "8 of the same body. Moreover, the amount
of water in a pound of meat and a pound of bread is a

matter that must not be overlooked, for while in the

former it amounts to 57 per cent., in the latter case

it is only about 40. As, too, a loaf of bread consti-

tutes of itself a very perfect diet, the starch and fat

it contains supplying the calorifiant or heat-producing

matter necessary in animal food, we may assume that

troops fed upon good bread are as well off as those

supplied with more costly rations. At the same
time it cannot be denied that different climates and
different conditions have a vast influence upon dietary,

and while British soldiers require a goodly allowance of

meat to sustain their energy, the Turk rarely tastes such
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food from one week to another. In fact, in the Moslem
soldier we have the most easily satisfied of beings, so far

as the commissariat is concerned. He does not even

require bread, but will fight for weeks and months
together upon rations of meal or bruised Indian corn,

which serves him indifferently for breakfast, dinner, and
supper. The Russian has rather better food, although

from our point of view his fare may appear frugal enough.

Two pounds of black bread and a quarter of a pound of

fresh meat, or bacon in lieu thereof, with garlic, salt, and
plenty of tea, seem to be the daily rations of the Czar's

soldiers, though a coarse sweet bean, known in this

country as the locust bean (Johannisbrod), is occasionally,

also employed as food. There is no knowing what the com-
position of Russian bread is, but assuming it to be for the

most part of rye or Indian corn, there should be little

difference between the nutritive qualities of the rations ot

the Turks and Russians, supposing, that is, the soldiers in

both cases receive pretty well as much as they can eat.

There is enough nitrogenous matter to make muscle
and bone, as well as sugar and starch, or non-nitro-

genous bodies to supply animal heat and to support

the respiratory organs. Taking milk as the most per-

fect food we have for our standard, which may be
said to be made up of nitrogenous matter, oil, and
sugar, we find that the proportion of nutritive, to heat-

producing, or calorifiant, matter, is as one to two. Beans
and peas come next in order to milk, the pioportion here

being as one to three, while in oatmeal it is as one to five,

and in rye, wheat, Indian corn, <S:c., as one to seven or

eight. Thus the Turk and the Russian being fed mainly
upon rye and Indian corn derive equal benefit from their

rations, although the Muscovite soldier gets additional

energy, no doubt, from the small ration of meat allowed

him.

The highly nutritive character of pea-flour at once
points to the raison d'etre of the pea-sausage of the

scientific German soldier. This newly-invented food-

stuff consists, as our readers probably know, of peamea
and bacon fat, suitably seasoned, and pressed into skins

and boiled. The ordinary daily ration of a German
soldier is 2 lb. of rye bread and a dinner of soup, which
sometimes has a piece of meat floating in it, but generally

does not ; this, together with a scanty stipend, which
barely suffices to buy him a cup of coffee in the morning
and a herring, or salted cucumber, to eke out his bread

with, constitutes the whole of his allowances. In the last

European war, these comestibles were replaced during

some portion of the campaign by the Erbsuiiirs/, and
there cannot be a doubt that the health of the Teuton
army was improved by a regular and sufficient supply of

this suitable food, while at the same time it greatly sim-

plified the commissariat service of the invaders. Butchers,

bakers, army ovens, and cooking pontoons were for a

while dispensed with, and thus it was possible for corps

and regiments to move, when necessary, without a great

deal of impedimenta. Moreover, as we have seen, the

pea-flour gave that extra nutrition which troops subject to

unusual exertion, coupled with exposure to cold and frost

required. To the Enghsh palate the pea-sausage had
an unmistakable taste of tallow, and there is no doubt

that all kinds of fat and grease were employed in its pro-

duction when the supplies of bacon run short. Animal
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fat of some kind was, however, absolutely necessary to

supply the system with heat, and combining the former

in this way with pea-tlour was a most happy idea. The
pea-sausage might either be eiten cold in the condition

in which it was issued to the soldier, or made into a sort

of soup with boiling water.

And here we may mention a circumstance of especial

interest to scientific men, in connection w'.lh the manu-

facture of this new food. The Erbswurst V13.S produced

in such huge quantities, that it was found to be absolutely

impossible to procure a suflicient number of skins and

bladders to contain the preparation. All sorts of substi-

tutes were tried. Oiled fabric and vegetable parchment,

as well as other waterproof materials were essayed in

vain, for an envelope was required which was elastic and

unaffected by boiling water. At last a chemist stepped in

and solved the problem. He proposed the use of gelatine

mixed with bichromate of potash, or in other words the

process employed by photographers now-a-days in pro-

ducing what are termed carbon-prints. It is well known

that if a solution of gelatine and bichromate of potash is

spread upon paper and e.xposed to light, the gelatine be-

comes insoluble in a very short time, and will effectually

resist the action of cold or hot water to dissolve it, this

principle being in fact that upon which photographic prints

are produced, the portions of a surface which refuse to

wash away, constituting a picture. This same mixture

was used for treating the sausages. The food was pressed

into proper shapes and then dipped into the bichromated

gelatine solution, after which it was exposed to daylight

for a couple of hours, when the gelatine formed a tough

skin around it, capable of being boiled with impunity.

Turning to the British soldier we find in him the most

daintily fed of all warriors, unless it was the .Servian in

last year's war. If we are to believe special correspond-

ents, the rations of the Servian soldiers were almost

unlimited, and furnished a striking contrast to the fare of

the frugal Turks. An oka, or 2i lbs. of brown bread, halfan

oka of fresh meat, together with a modicum of rice, meal,

and paprika was the daily ration, the last-named comes-

tible being employed for miking soup ;
the pot-au-feit, so

we were assured, was to be found simmering in camp from

early morn till noon, and then only came off to make room

for the coffee kettle. The Servian soldiery, too, usually

had a ration of spirits called slivovitch, or plum brandy,

allowed them, and yet withal they had no such povvers of

endurance as the maize-fed Turks. In this country a

soldier's ration is three quarters of a pound of meat and

one pound of bread, which is supplemented in war time

by a quarter of a pound of cheese, together with cocoa or

tea. sugar, &c. In the Crimea there was a standing order

that hot tea should always be kept ready when practicable,

so that the men might partake of it at any time, and in the

Abyssinian and Ashantee campaigns the camps were

never broken up of a morning before the troops had been

supplied with a cup of warm coffee for breakfast. Tea

and coffee exercise the same effect upon the system as

wine and spirits, but their stimulative action is less

marked, and our commanding officers are enjoined never

to issue a ration of spirit except under extraordinary

circumstances, as in the case of distressing marches, or

when troops are engaged in the trenches or up at the

front. And yet, as we have said, with this apparently liberal

feeding, our men do not receive so much actual nou-

rishment or nitrogenous matter as the German soldier,

whose mainstay is the 2lb. loaf of black bread he receives

daily. The meat, bread, sugar, &c., received by our

soldiers in the Crimea yielded, we are told by the Royal
Co.nmissioners, but 2352 oz. of nutritive principle, while

Germany gives her soldiers 32'95 oz., which is still

further increased when the latter are fed on such highly

nitrogenous diet as the pea-sausage. The Turks, po^r

as their food may seem to us, probably derive as much
nutriment from it as English troops from their bread, meat,

and cocoa, for weight for weight, the Turkish rations

contain more nitrogenous matter. If, too, their meal is

what is termed "whole flour" it will, since it includes

the husk, contain more nitrogen still, and, like oatmeal, be

one of the most generous foods known. Our Scotch

troops, we fancy, would be little the worse if fed solely on
porridge for a time. The reader may remember Lord
Elibank's retort on Dr. Johnson's definition of oats as the

food of horses in England and of men in Scotland :

" Yes," said he, " and where else will you find such

horses and such men .'' ' A growing soldier, hard at work

all day at gun-drill, or other laborious work, does not buy
extra meat when he is hungry, but foregoes his beer at the

canteen for another pound loaf, thus approaching his diet

very nearly to that of the German warrior, whom wc have

shown lives almost entirely on bread and enjoys the

most nutritive fare. At the same time it is necessary to

bear in mind that the conditions under which a man lives

must guide the nature of his food. A man inhabiting a

cold climate such as ours, requires more animal food than

would be the case if he lived in a country nearer the

equator, and British troops, we fear, would loose much
of their energy if fed altogether on farinaceous food.

But as we have s'.riven to show, it is not always a so-

called liberal diet which aflords the soldier the greatest

quantity of nutriment. H. Baden Pritchard

GEIKIE'S ''PHYSICAL GEOGRAPHY"
Ekiiwntary Lessons in Physical Geograpliy. By Archibal

Geikie, LL.D., F.R.S., Murchison Professor of Geology

and Mineralogy in the University of Edinburgh, and

Director of the Geological Survey of Scotland. (Lon-

don : MacmiUan and Co., 1877.)

A S our knowledge of natural phenomena widens and
^^ our insight into the character and mode of ope-

ration of the forces which give rise to these phenomena
becomes more profound, we are called upon from time

to time to take a new survey of the fields of inquiry

and to reconsider the principles on which the useful, but

necessarily more or less arbitrary, classification of the

natural history sciences is made to depend. To instance

a notable example, the time-honoured division of the
" three kingdoms in nature" has now, by almost universal

consent, been abandoned in favour of a more logical

grouping of the objects of natural history science

depending on the presence or absence in them of the

principle of life, and hence has arisen the term biology to

include botany and zoology, while mineralogy, released

from an unnatural bond, seeks and finds new alliances

with those branches of knowledge, crystallography,

chemistry, and petrography, with which it has so many
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and such intimate relations. Etymological purists have
indeed cavilled at the term "biology," and the opponents
of change have disputed its taison d'Hre, but it is im-

possible to deny that its invention was the natural con-

sequence of the growth of juster views concerning the

relations of living beings to one another, or that, on
account of its fitness, it bids fair to survive all hostile

criticism.

Now in the same way that the development of our

knowledge of the lowest forms of life has led to the

breaking down of the unnatural barriers between the

animal and vegetable kingdoms, and the union of

all the anatomical, physiological, systematic, and a;ti-

ological branches of our knowledge of living beings
into the federal republic of biology, so the growth and
establishment of a juster geological philosophy has
greatly modified, and indeed almost revolutionised, our
conception and treatment of certain branches of geo-

graphical science.

For more than half a century the principle which
demands that the geologist shall interpret the past his-

tory of the globe by means of a constant reference

to the operations now going on upon its surface, has
been steadily gaining ground ; and this postulate may
now be said to have taken its place as the very corner-

stone in all geological reasoning. But if geology has
thus to own her dependence on geographical know-
ledge, she has more than requited her obligations by
the new vitality which she has infused into her sister

science. It is not too much to assert that the growing
conviction of the necessity for a more systematic, a more
searching, and a more accurate investigation of the phe-

nomena of the globe and of the forces by which they are

produced— a conviction which has prompted the despatch
of expeditions for carrying out carefully organised re-

searches both on sea and land— has been to a very

great extent created and fostered by the revelations of

glaring imperfections in our knowledge of the earth's

existing economy which are continually being made by
geology.

The woik before us is an example of the treatment of

geographical quest ions from thepointof view of a geologist,

and we are not surprised to find that its author is evidently

strongly actuated by the conviction of the necessity for

a broader and more vivid presentation of the action and
reaction upon one another of the various forces operating

upon the surface of the globe, than is usually found in

works on physical geography, in order to convey a just

idea of the character and significance of the features

which it presents. Thus, in the introductory chapter,

after referring to that complex interplay of agencies by
which the fluid envelopes of the globe are maintained in

constant circulation, and the elements of its solid crust

made to pass through ever-varying cycles of change

—

a series of phenomena which has suggested to the

profounder thinkers of all ages an analogy between
our planet and a living being—the author goes on to

say ;

—

" Now this life of the earth is the central thought
which runs through all that branch of science termed
physical geography. The word geography, as ordinarily
used, means a description of the surface of the earth,
including its natural subdivisions, such as continents

and oceans, together with its artificial or political
subdivisions, such as countries and kingdoms. But
physical geography is not a mere description of the
parts of the earth. It takes little heed of the poli-
tical boundaries except m so lar as tney mark the
limits of different races of men. Nor does it confine
itself to a mere enumeration of the different features of
the surface. It tries to gather together what is known
regarding the earth as a heavenly body, its constitution,
and probable history. In describing the parts of the
earth—air, land, and .<^ea— it ever seeks to place them
before our minds as to make us realise not only what
they are in themselves, but how they affect each other,
and what part each plays in the general system of our
globe. Thus physical geography endeavours to present a
vivid picture of the mechanism of that wonderfully com-
plex and harmonious world in which we live."

In that easy and graceful style, of which he possesses
so perfect a mastery, the author proceeds in subsequent
chapters to give a sketch of those vast fields of know-
ledge which are opened up to us by this method of look-
ing at the phenomena of the globe. The book is exactly

what it professes to be—a series of elementary lessons
;

but, while it may be read with profit and delight by any
fairiy-taught schoolboy, it will not be found wanting
in instruction and suggestiveness for more advanced
students. On some questions, as for example that of
the nature and causes of the great movements of the
atmosphere, the author has been particularly successful

in embodying within a very small compass a mass of
information which the student could otherwise gain only
by the perusal of a number of special treatises To
teachers of elementary science who desire a model on
which to frame their lessons for beginners, so as to secure
their attention and interest and to arouse the enthusiasm
of such ainong them as are capable of that sentiment,
we very heartily commend this admirable little book.
The author points out in a note that the subject of

physical geography, as here treated of, is conterminous
with that division of science for which the name of

physiography has been suggested. The advances made
in recent years in the study of physical astronomy and
the relations which have been established between ce-

lestial and terrestrial objects by the development of
spectrum analysis and the study of meteorites, taken in

connection with that strongly-felt necessity for a deeper
insight into the mode of operation of the forces operating
upon the surface of the globe, both from within and with-

out, which geological research has awakened, have inde-

pendently suggested to many thinkers the desirability of
peimitting certain portions of natural knowledge to crys-

tallise around a new centre. The importance of this new
science thus growing up on the confines of geography,
geology, astronomy, and biology, and linking them all

together, a science the study of which would form the
most fitting preparation for the detailed pursuit of all

and each of the natural sciences, was long ago pointed
out by Prof. Huxley ; and in a course of lectures delivered

in 1870 he sought to illustrate the objects and methods of
this latest-born member of the family of the natural
sciences. In that most excellent of geological text-books.

Prof. Dana's " Manual of Geology," the term " physio-
graphy " is also employed, in the same sense as advocated
by Prof. Huxley. Nor is the use of the term confined to

English writers, for in several of the best German manuals
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of geology, such as Dr. Hermann Credner's " Elemente

der Geologie " and Dr. F. von Hochstetter's " Die

5rde nach ihrer Zusammensetzung, ihrem Bau, und ihrer

Bildung," the necessity of this term physiography is

admitted and its use justified. Like the term " biology,"

that of " physiography " may not improbably meet with

some opposition on its first introduction, but as the im-

portance and connection of the branches of knowledge

which it embraces become more widely appreciated, the

necessity and convenience of the name will doubtless

make themselves very generally felt. In conclusion, we

cannot part from the little book which has prompted these

remarks without taking the opportunity of congratulating

the author on his success in presenting to the public, in a

form at once compendious and popular, the outhnes of

this very important branch of science. J. W. J.

THE LABORATORY GUIDE

A Manual of Practical Chemistryfor Colleges and Schools.

Specially Arranged for Agricultural Students. By

Arthur Herbert Chuich, M.A., Professor of Chemistry

in the Agricultural College, Cirencester. Foutth Edition,

revised. (London: John Van Voorst, 1877.)

'"PHE fact that Prof. Church's "Laboratory Guide"

jL has reached a fourth edition is a proof that the

work has been found useful by that class of students for

whom it is specially arranged. Notwithstanding this fact

we cannot regard the book as occupying other than a

second-rate position in the literature of applied che-

mistry. The aim of the " Guide " is (i) to place before

the student a series of lessons in chemical manipulation

in working through which he shall obtain a practical

knowledge of " some of the chief truths learnt during the

course of lectures on inorganic or mineral chemistry ;

"

(2) to instruct the student in qualitative analysis with

especial reference to the analysis of agricultural products
;

(3) to lay before the more advanced student a number of

processes for the quantitative analysis of agricultural sub-

stances, food stuffs, manures, &c. The first part of the

work comprises a number of fairly well chosen examples in

chemical manipulation, preparation of gases, and exami-

nation of solid substances. What we should most object

to in this portion of the " Guide" is want of method. A
few blowpipe experiments are introduced here and there,

followed, perhaps, by a short description of one or two

rouo-h experiments illustrative of the manufacture of

superphosphates ; these are succeeded by desultory tests

for sugar in milk, by casual semi-quantitative experiments

on bread, and so on. To a student without any know-

ledge of chemistry such a course as that sketched ia the

first part of the " Guide " may be of use, although we

think more care would require to be shown in the selection

of experiments ; but the book assumes that the student

accompanies his practical work by attendance on lectures
;

surely then the practical course ought, from its very com-

mencementjto be sy stematic and progressive. The directions

given in each lesson are, as a rule, too meagre ; without the

constant superintendence of a teacher we doubt whether

the beginner in practical work could make much progress.

In some cases the directions are so vague and inexact as

to be positively misleading : witness the method for de-

tecting alum in bread (p. 43). Part II. treating of quali-

tative analysis has the same failings as Part I. ; it is not

exact and definite. The author, in his introduction,

especially announces that the work is limited in its aim,

so that we cannot find fault with him for not including

tests for all the metals ; but so far as it goes the informa-

tion given, and the system of teaching pursued, should

have been definite, condensed, and such as would train

the student in habits of accuracy. No doubt the reac-

tions detailed are true so far as they go ; the schemes of

analysis are tolerably good, yet there is about it all a

slipshod appearance which stamps the work with an

unsatisfactory character.

The processes of quantitative analysis are chiefly such

as are required in the examination of agricultural pro-

ducts, and substances used in manufacturing manures, of

a few leading food stuffs, of soils, and of waters. As the

author has not wished to produce a large work, he has

limited himself to a description of methods of analysis

"intended only for the particular case mentioned ; " these

processes " may fail if ... . other substances be present

than those here supposed." We cannot help thinking

that this is exactly what he ought not to have done ; if

the book is to be a guide to the student, if it does not

pretend to the place of an encyclopaedic reference book,

then processes oigeneral applicability, should have been

selected, processes which would illustrate the application

of the general principles of analysis, not processes which

the student is to learn by rote, and which he will therefore

come to regard in much the same light as that in which

the cook views her book of receipts. Many of the pro-

cesses, regarded simply as prescriptions, are faulty or

very meagre. Who would apply the volumetric Uranium
method for determining phosphates in the manner de-

scribed on pp. 157, 158? Aided only by the description

of the volumetric method for determining chlorine given

on pp. 159, 160, v/ho could ever hope to perform an exact

estimation of that element? From what is said on p. 150

one would suppose that "reduced phosphates" can be

readily determined with something like accuracy. Th
report of the British Association Committee has shown

that no method for even approximately determining these

phosphates has as yet been introduced.

The processes for the analysis of milk, cheese, and

butter are extremely meagre. Now that we are possessed

of really good and reliable methods for analysing these

food stuffs, the introduction into a manual of vague and

sketchy methods is almost worse than the omission of all

methods, whether good or bad.

One point there is in which Prof. Church deserves all

praise, namely, the employment of a systematic nomen-

clature. The system adopted is that first employed in the

works of Roscoe, and of Harcourt and Madan, and now
adopted in the Journal of the Chemical Society, in Watts's

Dictionary, and in most of the modern treatises. This

system, although not slavishly bound down by rule

—

although it allows one to say sulphate of zinc as well as

zincic sulpliate— is founded on certain definite ideas, and

has, at the same time, shown itself capable of expansion

with the needs of an increasing science.

The system is, moreover, nearly identical with that

employed by the German chemists. Prof. Church has

done well in making use of it.
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067? BOOK SHELF
Researches on the Glacial Period. By P. Kropotkin.

First fascicule. S27 pages in Svo. With Maps and
Woodcuts in a separate brochure. {Memoirs of the
Russian Geographical Society, vol. vii., 1876.)

The book consists of two parts. The first is a detailed
account of a journey in Finland and a short visit to

Sweden, both made in 1S71 under the auspices of the
Russian Geographical Society, for the special purpose of

studying the glacial formations and the osar (eskers or
kames). The second part is an inquiry into the meaning
and value of various evidences of the glacial period—the
striation cf rocks, the forms of rocks and mountains, the
boulders, the loose deposits, and the moraines and osar.

Out of the seven chapters into which this part is divided
only the three first (sketch of the development of the
glacial theory, striation, and forms of mountains) appear
in this fascicule, and the two last (loose deposits and their

classification, moraines, and osar) are summarised at

length in an Appendix.
The first fascicule is illustrated by a hypsometric map

of Finland (southei'n half) with all known osar shown
upon it ; by a map of the most interesting, esker Pun-
gaharju, five miles long; by to no other maps and sec-

tions of less importance ; by a section on a large scale of
the loose deposits along the Tavastehus-Helsingfors
Railway, and by ninety woodcuts, a large part of which
are sections of osar.

The main conclusions as to the glaciation of Fin-
land are in accordance with those arrived at by
Messrs. Erdmann, Wiik, Helmersen, and Schmidt, viz.,

that this low table-land, continuous along its north-western
and southern borders with two low and flat border-
ridges, was covered with an immense ice-sheet which,
creeping from Scandinavia, crossed the Gulf of Bothnia,
traversed Southern Finland in a direction south by east,

crossed the Gulf of Finland and crept further on in the
Baltic provinces. The numberless stria;, the positions

and directions of which exclude any suspicion of their

having been traced by floating ice, the striation on the
islands of the shallow gulfs, together with that of the
Onega basin, the Neva valley, and the Baltic provinces,

the uninterrupted sheet of till, i.e., of a true unstratified

and unwashed morainic deposit covering Finland, the
numberless moraines parallel to the glacial stria;, and
hundreds of other evidences, settle the existence of such
an ice-sheet beyond any doubt. As to traces of marine
formations, there are none above a level of about 100 to

120 feet; only local lacustrine deposits cover the till

above this level.

LETTERS TO THE EDITOR
\_7he Editor does not hold himself responsible for opinicns expressed

by his correspondents. Neither can lie undertake to return,

or to correspond luith tlie writers of, rejected vianuscrit>ts.

No notice is taken of anonymous communications.

T/ie Hdttor urf^ently retjuats correspondents to keep tlieir Utters as

short as posiible. The pressure on his space is so great that it

is impossible otherwise to ensure the apfaranee even ef com-

munications containing ititeresting and novel /acts.^

Indian Rainfall and Sun-spots

I HAVE observed no notice in Nature' of animijortaiit discus-

sion which tookjplace a month ago at one of the Royal Society's

meetings on Dr. W. \V. Hurler's report on the cycle of rainfall

ill India, and its coincidence with the periods of eleven years

disclosed by sun-spot observations. As one interested in solar

research I have carefully considered that report, and I think

the author has made out a case within the limits which he assigns

to himself The application of the mathematical law of errors

has not altered this opinion in my mind, and from a considera-

tion of the whole subject I have been led to the following

conclusions :—In the first place I would remark that m certain

' See abstract of Gen. Slrachey's paper on another page.

meteorological elements, of which the rainfall throughout the
world is probably one, and the barometer in these latitudes is

another, oscillations which we regard as non-periodic, are very
large compared with periodic variations. The consequence will
be that in dealing with a scries of barometric observations
in these latitudes, the mean difference of individual obser-
vations from the mean of the whole series, or in other words,
the mean irregularity, will not be materially modified by the
introduction of the comparatively small semi-diurnal variation.
But this is no argument against the existence of such a variation,
nor is the fact that at Madras the mean rainfall irregularity is not
greatly reduced by the introduction of an eleven-yearly cycle
any argument against the existence of such a cycle. As a
matter of fact, this mean irregularity is reduced, aUJiotigk perhaps
not very marliedly, by the introduction of this cycle. The true test

of a physical cycle is its repetition, and, since in the present im-
portant aspect of this question we cannot, perhaps, calmly wait
lor other sixty-four years' observations before venturing a con-
clusion, let us now endeavour to break these sixty-fjur years
up into periods, and see whether we obtain any traces of physical
persistence from this method. Grouping, as Dr. Hunter has
done, the sixty-four years' Madras rainfall into series of eleven
years, beginning with the first in 1813, we obtain the following
table :—
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your journal on the need of establishing natural history museums
in the principal towns of our country. The ideas set forth cannot
fail to be reciprocated by a largely increasing number of si udents
who, like myself, are suffering umler the disadvan:ayes of not
having local museums for reference and in which to compare
specimens and examine the various natural history objects which
I wi^h to study. In addition to a museum, I think such build-

ings should contain lecture-rooms specially fitted up for scientific

lectures, as the value of able discourses is frequently lost for

want of clearness in illustration.

The professor cannot ovtr-estimate the value of museums, as
every lover of natural history cannot be a collector; but every one
in full possession of his faculties can observe so far as he has the
power of seeing, and if he cannot examine the wide field of
nature for facts he will at least examine the proofs of them in the
museum", if at hand.
A few ])ersonal observations may serve to show the difficulties

under wliich the so-called working classes have to labour in the
pursuit of knoivledi;e.

Some years ago I began to study the works of Sir C. Lyell
and other authors on geology, and while so engiged I many
times travelled eighleen miles a ler a hard day's work to compare
specimens in the old museum, St. Peter's Street, Manchester. I

had tabular views of the characteristic British fossils at hand,
but as perfect specimens only are figured, I experienced a doubt
and uncertainty pretty nearly in evtrj thing I w.:nted to compare,
while in the museum I could find the actual specimen sought
after with which to correlate those of my own. The flash of
satisfaction experienced by a collector on compiring his objects
with those in a well-arranged museum is indeed very great, and
there are few things more likely to stir him up to renewed efforts.

l!ut the interest of museums is not confined to the collectors of
natural history objects ; it extends to every man who reads and
cares to master the objects about which he reads. In this way
his knowledge of thirgs becomes real and he expresses himself
with confidence, and in many cases has decided while others are
thinking. To show further the need of museums I may state a
fact perhaps not generally known, that in one place in the north
of England a large number of science students have formed
themselves into an itinerant society moving from place to place
to suit the convenience of the various members who reside apart.
The meetings are generally held at a respectable inn on Sunday
evenings, at which papers are read by the more ambitious mem-
liers, and any interesting objects named, which some of the party
never fail to bring up, and their habitat declared.
If the corporate bodies or the educational department of the State

would only undertake to provide museums in the principal towns
of our country I feel sure that the cry of continental superiority
would soon vanish. At home we have the materials out of
which the philosopher and the artisan can spin the fibre of future
greatness by rightly directing the forces of nature, but the isolated
iragments want collecting and receptacles providing in which to
store them. Many lives like that of the Banff naturalist could
be written if only known, and Prof. Dawkins could not have
fixed on a centre of operation more favourable from which lo
begin than that of Oldham. Men more selfishly removed above
praise, working for science for its own sake, he cannot find, and it

is a pity that they have not a common repository in which to
store their invaluable collections beyond their own full cabinets.
I hope the professor's articles will be a means of calling atlention
to the desirability of establishing museums for the better dif-

fusion of scientific knowledge.
I wriie from the point of view obtained by my own experience

as a working man who has done his best to educate himself.

Wm. Watts
Corporation Waterworks, Oldham, June l5

Koenig's Tuning Forks

On vient d'attaquer en Angleterre I'exactitude du diapason
officiel fi-an9ais. Mr. Alexander J. Ellis ayant tiouve que les
notes d'un tonomutre, ccmipose de 65 anches d'harmonium et

construit par Mr. Appunn, nes'accordaient pas avec ce diapason,
a cru devoir declarer dans un memoire pablie par le Journal of
the Society oj Aits (25 Mai, 1S77), et dans votre journal (31 Mai,
1877),' que le Laj normal francais donnait non pas 870 vibra-

tions simples, comme on I'avait cru jusqu'a present, mais bien
878 vibrations simples.

Mr. Ellis ay.ant constate de phis que les diapasons dc ma con-

struction s'accordaient parfaitement avec le Lag francais, n'a pas
hesiie a afPrmer que tous ces diapasons, y compris ceux de mon
grand tonomctre, qu'il n'a probablement jamais vus, et en tout

cas jamais pu examiner, etaient necessairement inexacts.

N'ayant pas a ma disposition I'instrument dont s'est servi Mr.
Ellis, j'avoue que je me seraii trouve assez embarrassc pour dire

immcdiatement, par oil pcche cct instrument au point d'avoir

donne entre les mains de Mr. Ellis des resultats si extraordi-

naires
; heureusement je me suis rappele une lettre de M.

Ilelmholtz a Mr. Appunn et publice par ce dernier lui-meme
dans une brochure sur les theories acoustiques de M. Helm-
holiz; celte lettre concerre justement un instrument de meme
nature du meme constructeur et explique suffisamment les sur-

prcnantes dccouvertes de Mr. Ellis. " J'ai examine .a plusieurs

reprises votre tonometre," ecrit M. Helmholtza Mr, Appunn, "et
je suis etonne de la Constance de ses indications. Je n'aurais pas
cru que les anches pussent donner des sons aussi constants que
ceux que donne I'appareil, grace a votre methode pour rcgler le

vent. L'instrument varie un pen, il est vrai, avec la tempera
ture, comme feraient aussi des diapasons; on ne pent done s'en

servir pour la determination des nornbres absolus de vibrations

que lorsqu'on pent travailler dans une piece qui n'est pas chaufTee

par un pr>cle. J'ai compte les battements a I'aide d'un chrono-
metre astronomique, et je crois que votre pendule a secondes a
etc jejereinent inexact, car, si les nombres de battements s'ac-

cordent tres bien entre eux, lenombre absolu en a ete non pas de
240, mais de 237 a la minute. La temperature, qui etait assez

bas^e pendant mes experiences, a pu y etre pour quelque chose,

mais on pent eliminer cette influence en comptant jusqu'au
buut les battements d'une tierce majeure, ce qui m'a pris un quart
d'heure. J'ai trouve ainsi pour mon diapason de Paris 435'oi

vibrations, ce qui I'accorde a. pris avec le nombre officiel

40,000

de 435 'oo vibrations."

Cette lettre prouve que le nombre entier des battements de
I'octave du tonometre essaye par M. Helmholtz etait de

-^'64 = 252'8, et sa note fondamentale de 505-6 vibrations
60

simples au lieu de 512 vibrations simples. En comparant cette

note de 5°5'6 vibrations simples avec un diapason donnant
reellement 512 vibrations simples, Mr. Ellis evit trouve ce dernier
de 6'4 vibrations simples plus aigu, et I'eilt sans doute eonsidere
comme donnant 5i8'4 vibrations simples. Or il a trouve 5i6'7
seulement pour mes diapasons de 512 vibiations simples avec le

tonometre dont il s'est servi ; on voit done que la note fonda-
mentale de ce dernier etait deja plus exacte que celle du tonometre
examine par M. Helmholtz puisqu'elle donnait 507 '3 vibrations

simples raais qu'elle restait encore assez loin de la veritable
valeur.

Le fait que M. Helmholtz a pu trouver le nombre de vibra-
tions exact du diapason officiel francais avec un instrument de
cette nature (et meme encore moins parfait que celui dont s'est

servi Mr. Ellis), en determinant d'abord la correction de cet in-

strument, montre a I'evidence que Mr. Ellis a neglige de deter-

miner la correction du sien ; il s'est done beaucoup trop hate de
declarer que ces petits tonometres a anches d'harmonium sont
les plus parfaits et les plus exacts qui existent, et de contester si

legerement les resultats obtenus par les Lissajous, l;s Despretz,
les Helmholtz, les Mayer, etc., etc. Rudolph Koenig

Paris, le 5 Juin

Antiquity of Man
Mr. Sicertchly is absolute that I am mistaken ; to me it

appears that he has missed the point of my letter, and misinter-
preted my views. His important discoveries of flint implements
in early glacial beds are, I think, strongly corroborative of the
opinions I expre.'scd in my paper on the " Diift of Devon and
Cornwall" tQitnr. yhurtt. Geo/. Soe., vol. xxii. p. 88), and in

that on the " Geological Age of the Deposits containing Flint
Implements at Ploxne " {Qua?: Jouru. Scicnee, July, 1876) ; but I

willingly admit that in the present stage of the inquiry Mr. James
Geikie has as much right to claim that they support his theory,

and I agree with the latter that it is premature to discuss

the relation of man to the glacial period, before we have
settled what was the succession of events that occurred at tha
time.

Mr. Geikie contends that there were two or more glacial

periods with inter-glacial warm or mild ones ; I, that there was
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only one glacial period and that the disappearance of palaeolithic

man from Northern Em'ope was principally due to the sub-

mersion of the greater part of the land beneath the water of an
immense freshwater lake or sea, at or a little before the culmina-

tion of the ice age. If Mr. Geikie's views should be ultimately

accepted, the term " inter-glacial " will be most appropriate
;

but should, as I hope and believe, mine be proved to be nearer

the truth, I should prefer to use the term " pre-diiuvial " instead

of "pre-glacial," as heretofore, to express the age of palasolithic

man. Thomas Belt
The Cedars, Ealing, June 22

Will you kindly allow me to correct an apparent breach of

official etiquette and act of discourtesy in my last week's letter?

I should have said that oniy two geologists prominently interested

in the question at issue had seen my evidence ; for, of course,

Mr. H. W. Bristovv, F.R.S., Director of the Geological Survey
of England and Wales, has been kept fully en rapport with my
work, and has several times visited me at Brandon. I am
anxious that no statement of mine should appear to slight so

eminent a geologist and so considerate a friend.

Brandon Sydney B. J. Skertchly

Colour-Sense in Birds—Blue and Yellow Crocuses

Unless your readers are quite tired of the subject, may I add
a fact which will be subversive of a good deal that has been
written about yellow crocuses and sparrows. I dislike yellow

crocuses, and four seasons since planted some hundreds of blue

and white in the garden underneath my windows. For two
seasons they fluwered in beautiful prolusion. In 1876 the

sparrows for the first time dt-stroyed these flowers completely.

I allowed the roots to remain for another year—viz., 1877—but
they suffered the same usage, hardly a single flower being left

uninjured. .So complete was their destruction that I have had
the roots dut; up!

I regard the proceeding as an imitative one ; blue and white
crocuses, not being common in the vicinity, were new to the

sparrows, and until one more experimental than the rest attacked
them they were safe.

A similar result will occur with domestic pigeons ; if reared

exclusively with small grain, as wheat and barley, they will starve

before eating beans. But where they are thus hungry, put a
bean-eating pigeon amongst them, and the habit is immediately
propagated.

I have seen fowls refuse maize at first, but on seeing others

eat it, they follow suit, and become excessively fond of it.

W. B. Tegetmeier

Purple Verbenas

Having now read for the first time the letters in Nature
regarding the preference that sparrows show for the yellow
crocus, it might perhaps help to elucidate the problem were it

known that tne choice of colour is not only confined to birds, as

a few years ago our garden was infested by rabbits and there

was a row of eight beds planted in turn, with white, red, and
purple verbenas. The flowers of the red and white were eaten

close off, whilst those of the purple were never touched. This
happened three years running, since which, the garden, being

protected by wire netting, has remained undamaged.
A. M. Darby

Japanese Mirrors

Your correspondents, Messrs. Atkinson, Highley, and Darbi-
shire, have referred to several conjectures and experiments re-

specting the curious Japanese mirrors and the patterns they
reflect. None of these gentlemen have, however, referred to the

suggestion offered by Sir David Brewster in the Philoiophical

Maga-Jne for December, 1832. In this paper Sir David drew
attention to some similar phenomena in the light reflected from
the surfaces of burnished buttons of metal, arguing that in the

mirrors (of which at that time he apparently had seen no actual

specimen) there were slight actual inequalities of surface, artificially

produced, but concealed from observation by their slightness of
depth and by the brightness of the poUsh. This, of course, may

be independent of the particular figures raised in relief on the
back, as in the case cited by Mr. Darbishire ; and so thought
Sir David, for he added :

—

"Like all other conjurers, the artist has contrived to make the
observer deceive himself. The stamped figures on the back are
used for this purpose. The spectrum in the luminous area is not
an linage of the figures on the back. The figures are a copy of
the picture which the artist has drawn on the face of the mirror,
and so concealed by polishing that it is invisible in ordinary
lights, and can be brought out only in the sun's rays."

I trust Mr. Atkinson may be able to learn in Japan the real
process of manufacture of these curious toys. Meanwhile are
there not specimens in many of our museums that would repay
examination ? Were there not some amongst lastyear's exhibits
at the Loan Collection of Scientific Apparatus ?

Sylvanus p. Thompson
University College, Bristol, June 25

NOTE ON THE ELECTRICAL DISTURBANCE
WHICH ACCOMPANIES THE EXCITATION
OF THE STIGMA OF MIMULUS LUTEUS

l\/rANY years ago my attention was drawn to the
^'-L excito-contractility exhibited by the lipped stigma
of Mimulus luteus, the structure of which I then gave an
account of in the Proceedings of the Edinburgh Botanical
Society. In connection with my recent investigation of
the excitatory variation in Dioiiaa I have, during the last

few weeks, in co-o^ieration with Mr. Page, mide experi-
ments for the purpose of ascertaining whether in this
organ, as in the leaf of Dioncsa, the change of form
provoked by mechanical stimulation is accompanied by a
similar electrical disturbance.
Mimulus luteus is a favourite window plant on account

of its showy flowers and the facility with which it can be
cultivated. The mechanism of the contraction of the
stigma can be best studied in the inferior of the two
lobes, of similar size and form, of which the organ con-
sists. In the unexcited state, when 'the flower is in full

bloom, this lobe is curled outwards. The curling outwards
is due, as I long ago observed, to the turgidiiy of the
layer of loosely connected conducting cells, ending in
papillae, which constitute the stigmatic surface. So long
as this tissue is turgid the elastic lamina by which it is

backed is prevented from straightening itself, so that the
whole lobe forms a scroll of which the axis is transverse.
The elTect of touching any part of the lobe, and par-
ticularly the papillary surface, is to diminish the turgidity
of the tissue, as the result of which the organ slowly
expands so as to face and ultimately meet its fellow.

The excitatory change of form which I have described
is, as in the case of Dioiicea, associated with an electrical

disturbance of which the following are the most important
features :— (i) The sign of the variation is the same as
in Dionaa, the excited structure becomes negative to
the rest of the plant. (2) The extent of variation is some-
what less than in Dioiicea, the electromotive force deve-
loped between the stigma and style being usually about
25-thousandths of a Daniell, whereas in Dioncea the
variation may amount to from 40- to 50-thousandths.

(3) The variation is of relatively long duration ; it reaches
its maximum at the ordinary temperature of summer,
about five seconds after excitation. It subsides at first

rapidly, then very gradually, so that the effect may not
have entirely passed off until two or three minutes have
elapsed.

As in Dioncsa, the period of electrical disturbance is

shortened by increase of temperature. Thus in five

stigmas in which the period was measured at 20° C.
(68^ Fahr.) and at 37° C. (98" Fahr), the mean duration
of the interval of time between the commencement of
the electrical disturbance and the moment at which it

began to subside was 6'2 sec. at the higher temperature,
and 3 sec. at the lower.
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In general, the stigma, when in the unexcited state,

is positive to the style. As, however, it can be shown
that other factors, not concerned in the excitatory process,
are operative in the production of this result, not much
importance is to be attached to it.

I send this short note in order that physiologists
interested in the subject may be able to repeat the ob-
servations during the present season.

University College, J. Burdon-Sanderson
June 27

TAUNTON COLLEGE SCHOOL
'T'HE circumstances alluded to last week, under which
-' the Taunton College School is threatening to col-

lapse, and is in immediate danger of losing the head-
master who has made it what it is, are interesting on
public grounds to the advocates of scientific instruction,

as well as to the general educationalist. In a pamphlet
published in 1865, and containing letters from Dr. Dau-
beny. Prof. Phillips, and Dr. Acland, Mr. Tuckwell was,
we believe, the first English schoolmaster to assert publicly
the claims of science to an honoured place in the curricu-
lum of all first-class schools ; and his evidence before
Lord Taunton's Commission, his papers read to the
British Association in 1869 and 1871, and his communi-
cations to the Royal Science Commission, show how
ddigently he has for twelve years past been working out
in his school at Taunton the many practical problems
which beset the introduction of a new subject into an
ancient, established, jealous system. The school has
thriven m his hands, risen rapidly in numbers, and gained
the highest public distinctions at the Universities, the
India Civil Service, Cooper's Hill, and Woolwich ; and
though the short-sighted economy of his governing
body left him for years without a science master or a
laboratory, and refused him a museum, botanical garden,
and science class-rooms, he has overcome all these diffi-

culties by patience, by the munificence of friends, and by
pecuniary sacrifices

; and at this moment many distin-

guished scientific visitors are glad to testify to the com-
pleteness of a system which passes the whole school
through a course of physics and chemistry, and in-

cludes physical geography, botany, and meteorology
in its more special training. In 1875 the number
of boys had risen to 120, but the thrift of the governing
body kept down the number of the masters. The typical
proportion of assistant-masters to bo\s in modern schools
of this size is one in sixteen ; the Taunton masters were
only one in twenty-seven. The school could not continue
to succeed under this policy ; the masters were unequal
to the work

; the number of boys fell off until a visitation

of fever brought them below the paying point, and the
school, already heavily in debt, was on the point of being
closed. The panic-stricken officials laid the blame upon the
head-master ; his theology and politics were pronounced
suspect ; his unpopularity had caused the falling num-
bers ; and when his friends came forward liberally with
money and promises of money the governing body took
the money, but upon condition that the head-master
should leave at Christmas. Against this parents and old
pupils are indignantly remonstrating ; both have sent to

Mr. Tuckwell public addresses of sympathy and con-
fidence ; the parents forwarding also a strong protest to
the president of the governing body, and in many cases
threatening to remove their sons if Mr. Tuckwell goes.
So far, however, the custodians of the school's interests
show no sign of yielding ; it seems certain that the head-
master will be turned out, and more than probable that
the school may, after all, collapse.

There are two points in this struggle between philis-
tinism and culture on which we should like to dwell, in
the interests both of general and of scientific education.

The first is the mischief being worked in the less im-
portant first-class schools by the constitution and habits
of their governing bodies. These were the pet institutions
of the Endowed Schools' Commission. They were to
include the educated gentleman of the county and the
representative tradesman of the town : the first, rich in
recollections of Eton and of Christ Church, was to initiate,

develop, control ; to support and instruct the head-master;
and to keep his bonri^eois brother straight ; while that
second-rate but docile coadjutor was to back the enlighten-
ment of his superior, and to reconcile while he typified
the democratic feeling so essential, it was thought, to the
local popularity of a school. Charming in theory, it was
in fact the weak point in the Commissioners' scheme.
The feet on which their image had to stand were of iron
mixed with miry clay ; the two refused to coalesce, and
the clay came uppcrmon. The gentlemen make admir-
able governors, but they are in London, in Scotland, on
the Continent, at Quarter Sessions ; and the local men,
who are always on the spot, become virtually the
governing; body. They too frequently know nothing
ot education. They cannot understand a head-master's
ideas and aims ; they in too many cases gorern
the school as if it were a workhouse, and treat the
head-master as they habitually treat the master of their
union. The world has net forgotten Felsted Grammar
School ; and the committee of head-masters could tell us
of many other cases, less notorious, but not less galling
and mischievous. No first-class school can thrive un-
less its governing body is composed of gentlemen, who
understand, as Mr. Walter said the other day at Welling-
ton College, that their first duty is not to interfere with
the head-master.

The second point is one which we have often urged
before : the opposition offered by many of the clergy to
the Culturkaiiipf. Of course there are notable exceptions
to this incrimination ; but the I'iri Obsciiri oi Revellius,
and the clerical bigots who combined to oppose the
new learning of Colet, Erasmus, and More, would re-

cognise their legitimate posterity in those of the present
day, who, themselves uneducated even according to

the narrow standard of the past, join in denouncing
science and unsectarianism as the irremissible sins of a
head-master. Bishop Fox, the founder of the ancient
school at Taunton, was rattened by the Oxford clergy
for forcing the new study of Greek upon his college of
Corpus Christi ; his representative in Taunton shares his

fate to-day, driven from the school which he has relounded
for forcing on it the new study of science.

We write in no hope of assisting the head-master,
or of educating his opponents into large-mindedness.
Mr. Tuckwell will see his schemes collapse, and be parted
from the profession in which all eagerly attest his success,
and to which he has given the best years of his life. The
school will either break up under the irritation of the
parents, or its distinctive features will perish with the
ruler who called them forth. The order of the old
teaching, the assertion of the old theology, will resume
their way in Taunton School. Chemistry, and physics,

and botany ; Shakspeare, and Milton, and Macaulay, and
Guizot, will give way to gerund-grinding and Latin verse.
Where Wesleyans, Independents, Quakers, Catholics, and
Unitarians worshipped in the same chapel and attended
the same scripture-classes, sectarian exclusiveness will

re-enter its swept and garnished home. We can only
chronicle the facts as indicating the obstacles to be met
and reckoned with by the pioneers of modern educational
progress. We can only express sympathy with the
head-master, who will yet find some compensation for his

worries in the unusual warmth of testimony contained in

the address which first brought these circumstances to

our knowledge, and in the consciousness that, having
advanced a noble cause, his work will not in the end be
thrown away.
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ON DROPS
A MONG the many ways in which electricity is called

-^*- in to give assistance in various physical investiga-

tions, one of the most elegant and interesting is the ap-
plication of the electric spark to render momentarily
visible a body that is rapidly moving or changing its

form. The duration of the electric spark is so short

—

probably not more than .T^Jno of a second—that a body,
such as a rotating wheel or oscillating rod, moving in a
dark room wiih extreme rapidity, will, if illumined by an
electric spark, seem stationary, since the wheel or rod
has not tmie to change its position appreciably during
the short instant for which it is visible. If the spark be
bright, the impression is left on the eye long enough for

the attention to be directed to it, and for a clear idea to

be formed of what has been seen.

The writer of this article has recently applied this

ineihod to watchii g the changes of form in drops of

vaiious liquids fallmg vertically on a horizontal plate.

As u-ually seen, a drop of water falling from a height of

ten or twelve inches on a smooth solid substance, such as

glass or wood, seems to make an indiscriminate splash.

The whole splash takes place so quickly that the eye can-

not follow the changes of form ; the impression made by
the last part of the splash succeeding that of the first

part so quickly as to confuse it.

A little careful observation, however, shows that the
drop passes through very definite symmetrical forms, and
that a splash is by no means an irregular hap-hazard
phenomenon.

Let the reader let fall a few drops of milk, about \ inch
in diameter, on a smooth dark surface of wood or paper,
from a height of, say, six inches (milk is better than water,

as it is easier to see, especially on a dark ground) ; he
will observe that the liquid makes a blot with a more or

less regular undulated edge, but the splash is too quick
to follow with the eye.

Let him now substitute a drop of mercury for the milk.

By watching the splash very intently he will be able to

catch a glimpse of the mercury spread out in the symmetri-
cal starlike form of Fig. Ila of Set 2. After the drop has
been thus spread out it recovers its globular form, since
the mercury does not wet the plate. On increasing the
height of fall a few inches, it will be noticed that small
drops split off in a more or less complete circle, and are
left lying on the plate, while the rest of the drop gathers
itself together in the middle of the circle.

The chief reason why these appearances could not be
seen with milk is that the milk wets the glass or wood
and sticks to it, while the mercury does not. But by
smoking a slip of glass or card tolerably thickly in the

flame ot a candle we get a finely-divided suiface of lamp-
black to which the milk does not adhere any more than
the mercury, and by very careful watching we may notice

that the same radial star is formed by the milk, but it is

much more difficult to catch sight of than the mercury
star. But if the mark on the lamp-black be examined
after the drop of milk or mercury has rolled away it will

be found to consist of delicate concentric rings with num-
berless fine radial striae where the smoke has been swept
away. These may be seen very well by holding the glass

\

plate up to the light if it has not been too thickly smoked,
j

The marks thus made are very beautiful and symme-
trical, and it will be found, if the glass be uniformly

!

smoked, that the same-sized drops of the same liquid I

falling from the same height will produce almost exactly

similar marks : while if the height be changed the mark
on the lamp-black will be somewhat changed ; and it

is a fair inference, if each drop makes almost exactly

the same complicated, symmetrical mark, that the splash

of each drop takes place in almost exactly the same
way.
The glimpse that may be caught of the drop in the way .

described is obtained when the drop is really almost
stationary, having flattened itself out on the plate and
being on the point of contracting again to its original
form.

!
That a drop if so flattened out will recover itself is seen

on pressing down a drop of mercury with the finger or a
drop of water with a piece of black-lead or other substance
tc which it does not adhere. On removing the pressure
the drop springs back to its old form ; the force which
causes this being exerted by the curved surface of the
liquid at the edge of the flattened drop, on the liquid
within. The flatter the drop becomes the greater is the
curvature of the edge and the greater the corresponding
pressure tending to restore it to its original gljbular form.

,

The extent to which a drop that has fallen on a plate will

spread out depends on the velocity with which it strikes

the plate, i.e., on the height of fall ; so that as long as the
drop returns to the globular form the whole phenomenon
of the splash may be regarded as an OjCillation similar to

that of a pendulum ; the velocity of the liquid outwards
being checked, overcome, and finally reversed by the
ever-increasing pressure of the curved edge, just as a
pendulum has its velocity checked, overcome, and finally

reversed by the action of gravity.

It is only when the height of fall is very great that the
liquid flies off in all directions and the splash ceases to be
an oscillation ; this case corresponds to that of a simple
pendulum started with a blow so violent as to break the
string.

But the liquid star and the complicated pattern on the
smoked glass show that the splash is not a simple spread-
ing out of the drop equally in all directions to return
again.

In order to observe the form of the drop at any given
instant during the splash, it is necessary to make use of
the electric spark and to take advantage of the fact that

drops of the same size falling from the same height will

all behave in the same way.
It will be necessary to let a drop, say of mercury, fall

on a plate in comparative darkness, and to produce a
strong spark at the instant the bottom of the drop comes
in contact with the plate, and so illumine it ; the observer
will then see the drop in the form it has at that instant.

A second drop must be let fall in the same way, and be
illumined by the spark not at the first mom.ent of contact,

but a shade later, say ,u second later, when the drop
will have spread itself out slightly on the plate, and simi-

larly we must illuminate a third drop a shade later than
the second, and so on. The observer can, after a little

practice draw from memory on each occasion the drop in

the form in which he has seen it. It will be seen that the

process consists in isolating consecutive phases of the

splash from those that precede and follow, and which
take place in darkness and so do not confuse what has
been seen as they would do in continuous daylight.

The device adopted by the writer for so timing the

appearance of the spark as to illumine the drop at any
desired phase of the splash consisted essentially in break-

ing the current of an electro-magnet at the instant the

drop began to fall ; the magnet thus ceasing to act, re-

leases a spring which immediately begins to pull the

terminal wire of a strong electric current out of the other

terminal, which is a cup of mercury, and the strength ot

the spring and the depth of immersion of the wire in the

mercury are so adjusted that the wire leaves the surface

of the mercury, and the required spark is produced at the

instant the drop reaches the plate.

For the next drop the spark is made to appear a shade
later, either by slackening the spring or increasing the

depth to which the terminal wire is immersed in the

mercury.
The following figures have been drawn in the way

described, and show the behaviour of a drop of mercury

about -} in. in diameter, falling from a height of about
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three inches on to a glass plate. Each figure represents

a rather later stage of the splash than the preceding.

Set 2 was drawn from the final stages of a milk drop,

jin. in diameter, falling 4 in. on to smoked glass; but

the forms are almost identical with those of mercury. Of

this set la and Ila' are vertical central sections of the
middle part of the drop, while Ila and Ilia are alterna-
tive forms of II and III.

From the ends of the rays of Fig. 4, usually twenty-
four in number, small drops often split off. These are not

shown in the figure. One of the most curious features of
the phenomenon is the transition from twenty-four rays to
twelve arms, shown in Fig. 5. The beauty of many of
the forms, especially of the ridged shell-like form shown
in Fig. 4, when composed of shining quicksilver ap-
parently rigidly fixed, is very striking. Very similar forms

are obtained with milk, but whether with milk or mercury
are liable to occasional variations. For a more detailed

account the reader is referred to the Proceedings of the

Royal Society, Nos. 174 and 177, 1876-77.

A. M. WORTHINGTON
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CHEMICAL NOTES
On Errors in the Determination of the Densi-

ties OF Mixed Vapours.—In the Comfit. ./i<.-«i/., Ixxxiii.,

Messrs. Troost and Hautefeuille record some experiments
made by them to discover the error which occurs in deter-

mining the vapour-density of substances by the appUcation
of the law of Dalton on the tension of mixed gases, and
Boyle and Gay-Lussac's laws, as applied to a mixture of

the vapour examined, either with air or with some other

vapour. They examined a mixture of carbon and silicium

chlorides, using a modified form of Gay-Lussac's vapour-
density apparatus. On increasing the amount of carbon
chloride, the tension of the silicium chloride diminished.

The vapour-density of silicium chloride alone varied only
(rom 5 "94 to 6'o, but in presence of carbon chloride was
found to mcrease 6'27 to 82.

On the Properties of Ruthenium.— In the same
journal an account is given by Messrs. St. Claire- Deville

and H. Debray, on the physical and chemical properties

of the above metal. They find that the metal forms an
oxide RuOo, thus differing from osmium. By fusing the

pure metal with potash and saltpetre, then saturating the

rutheniate thus formed with chlorine, and distilling m a
current of the gas at about 80° C, they obtain the tetra-

o.xide RuOj in yellow crystals, which, when reduced,

yields the pure metal. The metal they obtained by puri-

fication from its alloy with zinc, was found to have a

density of i2"26i at 0°. They also obtained a compound,
Ru.jKjOg, in black crystals, on saturating the rutheniate

of potash with chlorine. For the analysis of ruthenium
ores, the process they employ is based on the foregoing

remarks. After the fusion of the ore with saltpetre and
potash, the whole mass is distilled with chlorine, the ex-

cess of gas, together with the RuOj, being absorbed by
solution of potash. The potash solution is then treated

with alcohol which precipitates the ruthenium as oxide,

and this is finally reduced to the metallic state with

hydrogen.

Aconitic Acid in Cane Juice and Raw Sugar.—
In a late number of the American Chemist an account is

given by Dr. Arno Behr of some experiments he has con-

ducted on the above subject. For examining the pro-

perties of this acid he has found the so-called melado a

proper material, this substance being merely cane juice

boiled down to a concentration such as allows the sugar

to crystallise out, the mother liquor being then drawn off

and used for the production of the acid. The author has

analysed an acid substance formed by decomposing its

ammonia compound with sulphuric acid and extracting

with ether, and assigns to it the composition CgH^O^. He
has also prepared silver, calcium, and ammonium salts of

the acid body, the per centage composition of these salts

agreeing closely with the theoretical composition of the

silver, calcium, and ammonium aconitates. Although

from the results of his analyses he has no doubt of the

substance in question being aconitic acid, yet the melting

point, 172-173' C, which he found was not in accordance

with that generally given, viz., 140° C." ; the author there-

fore prepared some pure acid which had a melting point

of 168-169° C. The acid formed from aconitine fused

at 165° C. It is difficult, however, to determine the melt-

ing point as the acid is decomposed in the process of

melting. The author has found the melado to contain

o 149 per cent, of aconitic acid. The sweet waters

from charcoal filters used in refining raw sugar contain it

in an appreciable quantity, and some molasses sugars

give a peculiarly opaque solution from which a sandy
sediment is deposited, appearing under the microscope to

consist of small rhombohedral crystals, and which, on
analysis, proved to be calcium aconite. The author thmks
aconitic acid to be a normal constituent of sugar, and that

it is worthy of remark that the two plants yielding the

most sugar—the beet-root and sugar-cane—also produce

two acids standing so chemically near each other as
citric and aconitic acids, and which contain in their
molecules the same number of carbon atoms as fruit

sugar.

Minerals containing Columbium from New
Localities in the United States.—Mr. J. L Smith,
of Louisville, has examined several species of minerals
containing columbium, and claims the restoration of this
name for the metal instead of that of niobium, generally
given to it in England and on the Continent. His reason
for making this reclamation is that the name niobic acid
was incorrectly given by H. Rose to one of the acids
found by him in his researches on the columbite of Bode-
mais, and subsequently proved by him to be identical
with the columbic acid originally discovered by Hatchett
in iSoi. The name niobic acid, ho>vever, given by Rose,
has never been altered, and Mr. Smith thinks the original
columbic acid should have been retained. In remarks on
the chemical constitution of the minerals described by
him, Mr. Smith thinks that the composition of the colum-
bates, although appearing at first sight complex and
irregular, becomes much simpler when due allowance is

made for the intermixture of the different varieties with
each other. Columbite, the best known of the minerals,
can be well recognised as a simple columbate of iron and
manganese ; microlite appears to be a columbate of lime

;

pyrochlore, a columbate of the cerium oxides and lime,
but whether or not a neutral columbate remains to b;
investigated. Hatchetolite he considers as a neutril
columbate of uranium and lime, and samarskite a ba=ic
columbate of iron, uranium, and yttrium oxides. Yttro-
tantalite and euxenite are basic colambates of yttrium
and uranium, the first being anhydrous when pure, the
second containing water. Fergusonite js a hydrated
basic columbate of yttria, and Rogersite, a columbate still

more basic. In arranging a general view of these minerals
Mr. Smith does not take into account the constituents
which exist in small quantities only.

Coefficient of Capillarity for Certain
Liquids.—M. Gueront, in the Comptes Rendus (Ixxxiii.

1 291) describes experiments in which he finds that in any
series of organic compounds the coefficient of capillarity

decre ises as the amount of carbon in the substance in-

creases. He has examined three series of bodies, the
fatty acids, the acid ethers of ethylic alcohol, and the
ethers formed by the union of acetic acid with the different

fatty alcohols. In the series of fatty acids those members
above propionic acid agree with the above statement, but
the two lowest members, acetic and propionic acids, are
exceptions ; this he thinks probably due to impurities ; the
two series of ethers, however, agree perfectly with the law.
From his observations it becomes evident that the coeffi-

cient of capillarity of the ethers is higher than that of the
alcohols or the acids from which they are formed, showing
that the introduction ofan organic radical into the alcohol
molecule renders the body more fluid. On comparing the
two series of ethers it was found that the isomeric ethers
have nearly the same coefficient, but the acids isomeric
with them are much lower. Thus valeric acid, which is

isomeric with ethyl propionate and propyl acetate, has a
coefficient only about one quarter that of these latter.

The reason suggested for this difference is that in the two
isomeric ethers atoms are grouped in a similar way,
while in the isomeric acids the grouping is dirterent.

METEOROLOGICAL NOTES
Sun-Spot Periods and Auroras from 1773 to 1827.

—We have received a communication from Mr. Buchan
inclosing the following table, showing the numOer of
auroras observed by Mr. James Hoy at, or in the vicinity

of, Edinburgh, each year from 177310 I78i,andat Gordon
Castle, Banffshire, from 17S1 to 1S27 :

—
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Iowa Weather Report.—We observe from a circular

issued by Prof. Gustavus Henrichs to the volunteer ob-
servers of Iowa (U.S.), that his report of the observa-
tions made at the meteorological stations of that State

during 1876 is to be published as an Appendix to the

Report of tl:e foa'a S/u/r Ai^ricHltiira! Society, and that

as the monthly reports are published in fuUy twenty of

the newspapers, the Wcatlicr Rcvieiv will be discontinued.

The ffVi^/Z/tv /;'(/(>;/ about to be published will embrace
an account of the meteorological system now in full opera-

tion over the State, and discussions of the rainfall, storms,

and other phenomena, the normals which have been
ascertained for different localities, and the detailed obser-

vations made at the Central Weather Station.

OUR ASTRONOMICAL COLUMN
The Saturnian Satellite, Hyperion. — Prof.

Asaph Hall, in Astron. Nack., No. 2,137, publishes an
ephemeris of this faint object about the approaching op-
position of Saturn, with the view to facilitate observations,

especially near the conjunctions. He remarks that

although the satellite was discovered (by Bond and
Lassell) nearly thirty years since, the difficulty of observ-
ing it has been so great that no satisfactory determination
of its orbit has been practicable ; most of the observations
being made near the elongations, the position of the plane
of the orbit is not accurately deducible therefrom, though
it probably does not coincide with the plane of the ring,

but appears to lie between those of Titan and Japetus.
With the view to assist observation in the present year
Prof A. Hall has calculated elements from his observa-
tions in 1S75, which may be stated as follows :— Peri-

saturnium passage, 1S75, August 24'oo36 mean time at

Washington ; distance of perisaturnium from the node
40° o', eccentricity o'i2 5, semi-axis major 2I4"'22, period
of revolution 2r3il3 mean solar days. For the reason
stated above it is supposed for this approximate orbit that

its plane coincides with that of the ring, the node of which
on the earth's equator is assumed to be in 126^ 9''!, and
its inclination thereto 7' 3''8. From these data auxiliary

quantities and an ephemeris for Washington midnight,
August l-September 15, are added, and it is suggested
that with the aid of the former comprising the interval

June I -December 28 a more accurate calculation may be
made by Mr. Marth's formulae.

Taking the solar parallax at 8"-86 Prof. A. Hall's

elements would give for the mean distance of Hyperion
from the centre of Saturn 914,000 miles, distance in peri-

saturnium 800,000, in aposaturnium 1,028,000 miles.

The first computation of the orbit of this satellite was
by the late Prof G. P. Bond, of Cambridge, U.S., from
his distances observed between 184S, September 19, and
January 12 following; his period of revolution is 2i"i8

days, mean distance 214", eccentricity o'l 15 ; the elements
will be found in \h^ Proceedings o{\\\^ American Academy
of Arts and Sciences.

The Triple-Star 7 Camelopardi.—The third com-
ponent of this triple star was detected by Baron Dem-
bowski on .September 28, 1864, having been overlooked by
Struve at Dorpat, who measured A and B in 1831, his

mean result being i83i'57, pos. 238'32", dist. 25647"
The Galarate epoch for the new companion is (A C)
i865"33 pos. 308^83, dist. i"'245. Baron Dembowski
says the object was one of great difficulty for his refrac-

tor principally on account of the sombre hue of the star

C, which did not appear always of the same intensity
;

referring to his observations at the epoch i865'25,

he remarks, " EUe avail alors ui.e couleur de cendre
mouillde

; je n'ai jamais vue d'(?toile aussi sombre.' His
magnitudes of C in 1864-5 vary from 7'o to 9'o, while in

the middle of November, 1865, he could not perceive the

least trace of the star. Mr. Crossley measured A B at the

end of December, 1873, but has no reference to the third

star. The object will be worth watching on the score of
variability and the unusual duskiness noted by the
Galarate observer.

The Cape Astronomical Results for 1874.—-Mr.
Stone has just circulated his volume of observations made
at the Royal Observatory, Cape of Good Hope, in 1874,
being the thirteenth separate publication which has ema-
nated from this important and active astronomical estab-
lishment since the year 1871, when Mr. Stone undertook
its direction. We believe there is not a refinement in
observing or computing which is not introduced into the
Cape work, and the results have consequently a very high
value, comparable with the best work of the kind pub-
lished by the great European and American observatories,
where attention is given to stellar astronomy. The volume
for 1874 contains the mean positions of 1,246 stars, in-

cluding all Lacaille's stars of the Ca'luin Australe Stelli-

fertiin, which now fall between 155^ and 165° of north
polar distance, and some additional ones in the same
zone. Lacaille's stars between N.P.D. 145- and 155° were
similarly observed in the course of the year 1875, ^nd
those between N.P.D. 135° and 145° in 1876, the reduc-
tions to mean places for the former zone having been
completed at the beginning of the present year. A com-
plete determination of the accurate places of all Lacaille's

stars, founded on the Cape observations, is therefore in a
very forward state.

As an appendix to this volume of Cape Observations,
Mr. Stone presents tables intended to facilitate the com-
putation of star-constants, which appear likely to prove
of very great service to the practical astronomer. By a
slight modification of Bessel's form for star-corrections he
has been able to tabulate the quantities in a very con-
venient and compendious manner, so that the whole com-
putation occupies but a short time. Mr. Stone hopes that
the use of these tables may render it unnecessary to give
star-constants for every star contained in future cata-
logues, the labour of forming which, and of insuring their

accuracy is very great. It is probable, as he observes,
that the use of star-constants in various catalogues has
been in many cases extended beyond the time when they
could be introduced with a due regard to the precision
required in modern stellar astronomy, which will be
obviated by the use of the tables in question. It is under-
stood tiiat Mr. Stone liberally ofters to supply a copy of
these tables to anyone who would find them of real service,

and who will make application for them. A few remarks
on the modus operandi with the tables are reserved for a
future column.

THE BRITISH ASSOCIA TION AT PLYMOUTH
FEW towns in the United Kingdom have so much to

interest alike the scientific and the general visitor

as Plymouth ; and the meeting there of the members
of the British Association in August next should prove
alike pleasant and profitable. For the general visitor it

will perhaps be enough that the Plymouth Hoe is one
of the finest promenades in England, and that the land-

scapes of the neighbourhood are at once most varied and
most attractive. The man of science will be able to enjoy
all this and a good deal more. The zoologist may if he
pleases revel in dredging expeditions in and off the Sound,
which are sure to yield an ample reward. For the
mechanician there are three of the most no able works of
modern engineering skill to inspect—the Edoystone Light-
house, the Plymouth Breakwater, and the Royal Albert
Bridge, while the Government dockyards and factories at

Devonport and Keyham, and the war vessels which stud
the Hamoaze, will have a general as well as a special

interest. One of the most enjoyable excursions of the

Exeter meeting was that to the Three Towns, on which
occasion the Government establishments were visited and
gunnery and torpedo practice, with all the latest electrical
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arrangements, witnessed on board the Cavibridgc. The
science of war has by no means stood still since then.

The botany of the locality presents some peculiar features,

and the algology is very rich.

In the domain of natural science special interest how-
ever attaches to the local geology. Plymouth rivals

Torquay in its development of the great Devon hmestone,
which lines the northern borders of the twin estuaries of

the Tamar and the Plym, along which the Three Towns
are built, and trending southward and eastward, occupies

the northern shores of Cattewater, and after a break re-

appears in mass at Yealnipton. The Hoe is limestone

—

a natural esplanade, an ancient plateau of denudation,

with occasional alluvial deposits of sand and clay in

pockets and fissures, remains of raised beaches, and a
few ossiferous cavities. The limestone abounds in fossils,

coralline in the more massive portions as a rule, but with

areas crowded with molluscs of the ordinary Devonian
type. Its chief pateontological interest lies, however, in

its bone caves. The ossiferous caverns of Oreston, a
little village on the southern bank of Cattewater, which
were discovered originally in the course of quarrying the

stone for the breakwater, whilst other members of the

series have been opened from time to time since, are well

known by description at least to geologists. Those of

Yealmpton have hardly attracted so much attention. The
fauna differs in both series in some important particulars

from that of Kent's Cavern, though including in each case
the ordinary cavern carnivora. The whole literature of

the Oreston and Yealmpton caverns will be found in the

Transactions of the Devonshire Association, compiled by
Mr. Pengelly. And if the pakeontologist should then feel

special interest in a locality which has yielded so much
to his branch of science, the stratigraphical geologist will

find some notable materials for the study of the " still-

ve.'ied Devonian question" in the sections along the

eastern shore of the Sound and elsewhere. The cliff sec-

tion from Mount Batten, by Staddon Heights and Bovi-
sand to the mouth of the Yealm has been described by
Sedgwick, Murchison, de la Beche, Phillips, Holl, Pen-
gelly, Jukes, and other eminent geologists, and interpreted

very diversely, though the balance of opinion still remains
that its shales and sandstones overlie the limestone. The
contortions and plications are, however, in some parts

very remarkable, and should be studied in situ.

There is nothing very noteworthy in the immediate
mineralogy of Plymouth, but the mining districts of

Cornwall and Devon, within easy reach, are the richest

mineralogical field in the kingdom, and in the barrows
circles, cromlechs, pounds, dolmens, and menhirion,
still scattered in prolusion over the wild flanks of

Dartmoor, and along many a Cornish moorland, the
anthropologist will find plenty to delight him. Upon
the importance of the contributions of Kent's Cavern
to the early history of man we need not dilate. The
results of the explorations there, with the literature of
the cavern, prepared by the indefatigable pen of Mr.
Pengelly, will be found in the Devonshire Association
Transactions.
The Plymouth Institution, with which is amalgamated

the Devon and Cornwall Natural History Society, and
which fittingly took the initiative in proposing the invi-

tation of the Association, is the centre of the scientific

life and work of the neighbourhood. It is a society of
some standing, for it was founded so far back as the year
18:2, and its members have done much to elucidate
science in its connections with the district, and to culti-

vate literature and the fine arts. The natural history
section of its museum is rich in local ichthyology, and
fair in some other departments of its fauna. There are
some very valuable antiquities ; and the mineralogical
and geological collections, though far from complete, are
by no means wanting in interest. Bones from the
ossiferous fissures on the Hoe, the caverns at Oreston

and Yealmpton, and from Kent's Hole, form a prominent
feature of its palaeontology ; and there are a few specimens
which have a special value in having been presented by
the Rev. Richard Hennah, who first established the
fossiliferous character of the Plymouth limestone. The
Institution issues Transactions, and has published some
valuable papers bearing alike on science and upon local

history, topography, and literature, from the " Law of
Electrical Accumulations," by Sir W. Snow Harris,

F.R.S. ; to a paper "On the Letter R," by R. F.

Weymouth, D.Lit. It will be evident, therefore, that
the institution has been doing good work.

But now for some particulars concerning the local
arrangements. These are in the hands of a large and
influential executive committee, with sub- committees for

the chief departments—finance, reception, sectional, ex-
cursion, fine art, &c. The mayor is the chairman of the
executive ; the secretaries being Messrs. W. Adams, W.
Square, and H. Whiteford, while Mr. F. Hicks is the
treasurer.

In one respect, and that a most important one, Ply-

mouth will distance almost every town the Association
has visited. We allude to the convenience of its sec-

tional accommodation. The great hall of the Plymouth
Guildhall, with its royal statues and magnificent historic

v.indows, is the noblest hall in the whole south and west
of England. Here the president will deliver his address
and the evening meetings be held. In the law courts
adjoining, and the spacious rooms of the municipal
offices, some of the sections will be accommodated.
Others will meet at the Mechanics' Institute, the Athen-
ffium, and the Royal Hotel, the whole of which are
within less than five minutes' walk of the Guildhall and
each other. Since one or two of the other section rooms
were decided on, it has been suggested that the sections

to which they were appropriated may also be accommo-
dated within the limits first indicated ; but whether that

be so or not, in the most remote case the most distantly

located sections will only be six or seven minutes' walk
apart. The members of the Association will know how
to appreciate this.

Close by the Guildhall is St. Andrew's Hall, a large
building recently erected as a ska'ing rink. This will be
utilised in connection with the Association for an exhibi-

tion of the fine arts. Plymouth is the artistic centre of
Devon and Cornwall, which have given birth to many
famous painters, and the exhibition is intended to be
specially representative of western art. The Qjeen is

among the contributors, and leading residents throughout
the two counties. Living artists will be well represented

;

but the staple of the exhibition will consist of examples
of Reynolds, Opie, Eastlake, Prout, with Haydon, North-
cote, and other artists of note. With the exception of
Opie, who was a Cornishman, and Reynolds, who was
born at Plympton, four miles off, the artists here named
are Plymothians.

Every effort is being made to get up an enjoyable and
scientifically interesting series of excursions. It is perhaps
rather a disadvantage in one way that the neighbourhood
of Plymouth should be so beautiful, for therein lies a
strong temptation to let fine scenery get the better of
hard science. However, it so happens that there is very
little difficulty in combining both. In 1841 there was but
one excursion— to Tavistock and Wheal Friendship. This
year there are six proposed—three for the Saturday and
three for the Thursday following, in addition to which
the Earl of Mount-Edgcumbe has most kindly consented
to open his magnificent park on the Saturday to the
members. The botanists will need no excuse for visiting

Mount-Edgcumbe; if the geologists do they may find it

in the interesting intrusive rocks at Cawsand, referred to

in De la Beche's Report. One of the excursions pro-

posed for Saturday is by steamer to the breakwater, and
Smeaton's famous work, the Eddystone Lighthouse,
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winding up with a trip round the harbour.'with its men-of-

war, doclcyards, forts, and factories. The Government
establishments are ahvays open to English folk. Our
foreit;n friends who may desire to go over them, will have

to provide themselves with a special order. There will

be also a trip to Liskeard, for the Caradoc and Phcenix

mines, and the famous Cheesewing. As mining is the

special industry of Cornwail, and to a great extent of

South Devon, it has been thought desirable to have two
mining excursions— one on each day. South Caradoc is

one of the richest copper mines in Cornwall ; Phoenix is

a tin mine ; and both are admirably managed and excel-

lently adapted to illustrate raining operations. The
mineralogy of this district has some peculiar features.

Phoenix has lately yielded the rare minerals chalcosiderite,

andrewsile, and the beautiful turquoise-hued henwoodite.

The third excursion will be to the Lee Moor China clay

works. These are situated on the skirts of Dartmoor, not
far from Plympton, are of immense size, and afford pro-

bably the best illustration of this great industry, which
Cornwall and Devon owe to the researches and ingenuity

of Cookivorthy, chemist and potter, manufacturer in the

Plymouth china of the first true English (hard) porcelain.

It is likely that this excursion will be taken up by the

Plymouth Institution, and so arranged as to embrace a
visit to Princetown, and its convict prison, and some of

the fine prehistoric antiquities of Dartmoor; if not there

will probably be an e.'ctra excursion with this object given
by the institution.

Thursday will be a long day, and wholly given up to

excursion pleasures. The mining excursion will be up
the lovely river Tamar to Devon Great Consols, which
communicates by a railway of its own to shipping quays
at iMorwcllham, in the close vicinity of the most pic-

turesque scenery of the Tamar valley. On the way, by
the kindness of the Countess Dowager and the Earl of

Mount-Edgcumbe, the party will have an opportunity of

inspecting Cotehele, one of the most perfect examples of

a media:val mansion now extant. At Devoa CoiiSols —
not long since the largest and richest copper mine in the

land, which gave in dividends considerably over a million

—not only are mining operations conducted on the most
extensive scale, but there are enormous arsenic works,
huge water-wheels, and many other objects of interest.

The other excursions arranged for the day are to Torquay
and Penzance. The good people of Torquay intend to

follow the capital precedent set in 1869, and to invite and
entertain a number of guests. Eit route from Plymouth
a steamer trip may be made down the lovely river Dart

;

and at Torquay thcfe are plenty of objects of interest.

The Torquay Natural History Society has a well-stored

museum ; Kent's Cavern is of course a museum in itself,

with a very Cerberus of a curator in Mr. Pengelly ; and
then there are the works of Mr. Froude, F.R.S.,at Chelson
Cross, where he conducts those delicate experiments for

the Admiralty on the forms of ships and their properties

of stability, and to which he intends to invite members of

the Association who are specially interested in this branch
of mechanical science. Steps are, we believe, being taken

at Penzance to give the excursionists thither a hearty

welcome. The museums of the Penzance Natural History
Society and of the Royal Geological Society of Cornwall,

the latter of which contains the best public mineralogical

collection in the West of England will be thrown open
to them, and excursions in all probability organised to

the chief attractions of the neighbourhood. It is hoped
to provide special railway facihties for those who may
wish to visit other parts of the country—such as Tintagel

or the Lizard, or the western mining district. At Truro
is the excellent museum of the Royal Institution of Corn-
wall, which will be open to visitor;.

The former meetmg at Pl> mouth, of the Association,

was in 1841, with Dr. Whewell, as president, and was a
very successful gathering. Six-and-thirty years are a long

time, and it is remarkable that so many who took a pro-

minent part on that occasion are yet with us. One of

the vice-presidents still survives—the Earl of St. Gar-
ni ms ; two of the local secretaries, Mr. R. W. Fox, F.R.S.,

and Mr. R. Taylor, F.G.S. ; a vice-president of the
statistical section, the Earl Fortescue, then Viscount
Ebrington ; Dr. Owen, F.R.S., vice-president for Zoology
and Botany ; and Mr. Robert Hunt, F.R.S., then secre-

tary of the section of Chemistry and Mineralogy, are still

with us. There will not be wanting opportunity, there-

fore, of comparing personal experiences in 1841 and
1877.

INDIAN RAINFALL AND SUN-SPOTS

C'\N May 24 Gen. Strachey read a paper before the Roval Society
^-^ entitled " On the alleged Correspondence of the Rainfall at

Madras with the Sun-Spot Perio !, and on the True Criterion of

Periodicity in a Series of Variable Quantities."

He stated that a paper hail recently been printed by Dr.

Hunter, the Difector-General of Statistics to the Government of

India, having for its object to show that the records of the rain-

fall at Madras, for a period extending over sixty-four years,

establish a cycle of rainfall at that place which has a marked
coincidence with a corresponding cycle of sun-spots—the rainfall

and sun-spots attaining a minimum in the eleventh, first, and
second years, and a maximum in the fifth year.

Tiie Madras register extends over sixty-four years, beginning

with 1813. The mean rainfall (or the whole period is 48'S
inches. The deviations from the mean vary from 30' i inches in

dei;ct to 39 9 inches in excess. The arithmetical mean of these

deviations (disregarding the signs) is 124 inches.

Dr. Hunter divides the sixty-lour years' observations into six

cycles of eleven years, and calculates the arithmetical mean of

the successive years of the whole series of cycles. The results

are as follows :
—
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in short, one cycle is in this respect almost as good or as bad as

another.

Now, if in any series of quantities, such as the rainfall obser-

vations at Madras, there be a law of periodicity, each observed

quantity may be supposed to be compounded of a periodical and
a non-periodical element. If we take the sum of a large number
of cycles, each of which coincides with the cycle of periodicity,

the non-periodical elements will tend to be eliminated, and the

means for the successive years of the cycle will indicate the

periodical elements for the successive intervals. At the same
time the differences of these means from the several original

quantities from which they were obtained will be the several non-

periodical elements.

In proportion as the periodical elements are small or large in

relation to the corresponding non-periodical elements, so the

differences (obtained as above) wdl be inversely less or more
different from the differences between the individual observations

and the mean of the whole of them ; and if there be no periodi-

city, the two sets of differences would, in a sufficiently long series,

be identical.

Hence it may be inferred that when the differences (taken as

before) closely approximate in magnitude to the mean difference

of the original observations from the arithmelical mean of all of

them, the periodical elements in those observations must be cor-

respondingly small ; and this applies manifestly to the eleven

year-cycle and to the whole of the arbitrary cycles for which
the differences were calculated.

Further to test the reality of the periodicity, the author re-

arranged the series of sixty-four years' obst- rvatio ns, in a purely

arbitrary manner, in cycles of eleven years, by drawing the actual

observations at random one after another, and setting ihem down
in succession lill the whole were exhausted. From three

arbitrary cycles thus prepared, the differences averaged lO'g,

ii'2, and ii'6—lesults which again indicate that the actual

sequence of the observed quantities of rain has no material effect

on the mean differences, or any such tendency to a diminution in

their numerical value, which is the necessary accompaniment of

a true periodical element.

Moreover, the mere circumstance of any series of cyclical

means showing a single maximum and sint;le minimum gives no
real indication of such a result being a truly periodical feature.

It is obviijusly to argue in a circle, first to assume a cycle on
which to work, which shall give a sin^jle maximum and minimum,
and then to infer that there is true periodicity because of the single

maximum and minimum. The test of the periodicity is in truth

to be sought altogether outside of the particular values of the

successive elements of the cyclical means.
It is manifest that a complication of periodical elements may

so mask one another as to prevent positive results being obtained

by the examination of the means and differences in the case before

us. But the whole scope of the present argument is negative,

and it leads to the conclusion that there is no proof of greater

tendency to periodicity in the eleven-year means than in the

original isolated observations.

As the sun-spot period is not exactly a cycle of eleven years,

the author examined the results obtained by a comparison of the

observations corresponding to the known periods of maximum
and minimum sun-spots, without reference to any special length

of cycle. These results he also considered to be negative.

A further test of the character of the conclusions was sought
from the rainfall observations at Bombay and Calcutta, which
have been made for the greater part of the peri' d over which
those at Madras extend. It is haidly conceivable that there

should be a coincidence with the sun-spot period, such as is

supposed to have been found at Madras, based on any physical

cause, which should not in some way be discernible in the rain-

fall at Bombay and Calcutta.

The results thus got are also held to be entirely negative, and
to indicate no concordance among the means of the several years

of the cycle at the different places. The Bombay and Calcutta

observations, treated as those of Madras were, to ascertain the

deviations of individual observations from the successive means
of the cycle, give quite similar results.

Although the special object of the communication was to deal

with the alleged correspondence between the Madras rainfall

and the sun-spot periods, the author had also turned his

attention to Mr. Meldrum's speculations of a similar character,

and had tested some of them in the manner explained.

Among these were the Greenwich observations for fifty-five

years, which will be found at p. 307 of vol. xxi. of the Proceed-

ings of the Royal Society, and the results got from them

were quite analogous to that obtained from the Indian obser-

vations.

Further, to illustrate the argument on which the paper was based,
the case was considered, in which a well-ascer'ained periodicity

exists, as that of the diurnal barometric oscillation. The figures

used were taken at random from an old Madras register, the

intervals being made two-hourly, and the entries and the differ-

ences of the observed barometric heights from the daily means in

thousandths of an inch, so as to reduce the calculations.

The figures being merely illustrative, the circumstance of their

not exactly representing any physical phenomenon_|Was a matter
of no significance.

The treatment of these figures led to results very different from
those t;ot from the rainfall observations. The mean difference

of all the supposed observations from the mean ot all of them
being thirty, the mean of the differences between the two-hourly

means and the original figures was reduced to seven, indicating the

distinct |iresence of a periodicity.

Re-arranging the figures in an arbitrary cycle of ten periods

instead of twclve,the mean of the differences which before was seven

was increased to thirty, showing that with the total destruction of

the periodicity the mean difference of the two-hourly means and
the original figures was the same as the rnean difference with the

arithmetical mean of all of them.

In conclusion, the author specially explained that he did not

call in question the possible or actual occurrence of terrestrial

phenomena corresponding to the sun-spot period, but only desired

to point out that in the case of the rainfall obscrvali jus under
review the evidence was not sufficient to establish either any
periodicity or such a correspondence.

In some remarks made subsequently the author pointed out
how the comparison of the successive combination of the obser-

vations, beginning with one cycle and then combining two, and
so on, till the whole were united, supplied another way of treating

the fig ires which showed that the successive means of the differ-

ences between the mean rainfall for the combined cycles and the

mean for the several years of the cycle when combined, followed
the law that would hold good if there were no appreciable

periodicity, that is to say, that this mean should gradually dimi-
nish in a ratio inverse to the square root ot the number of cycles

combined.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Cambridge.—Prof. Humphry has been appointed to repre-

sent the University at the 400th anniversary ot the University of

Upsala in September next.

Prof. Adams' report to the observatory syndicate for the year
from May, 1S76, to May, 1S77, does not contain anything of un-

usual interest. The year has been exceptionally favourable for

astronomical observations, and 3,618 observations were made
with the Transit circle. AU the publications of the observatory

are well forward, and the general work has been carried on
smoothly and efficiently.

The following awards have been made for proficiency in

natural science at St. John's College :—To F. T. S. Houghton,
a foundation scholarship, the Wri^dit's Prize, and augmentation
of exhibition to 100/. ior the past year. To Marr, Slater, F. J.
Allen, Stewart, augmentations of e.\hibitions.

London.—A public meeting in support of the London School
of Medicine for Women was held the other day at St. George's
Hall, the especial object being to raise 5,000/., with a view of
enabling the Executive Council to carry out an arrangement with

the authorities of the Royal Free Hospital, under which students

from the school were to receive clinical instruction. Mr. Cowper-
Temple, M.P. , Mrs. Garrett-Anderson, and Mrs. Westlake were
amongst the speakers. 2,600/. have already been subscribed.

The Senate of the London University have decided by a
majority of five not to postpone giving medical degrees to

women till all the other faculties were open to them.

Manchester.—On Friday last the scholarships and prizes

gained during the session by students in the Faculties of Arts,

Science, and Law were distributed at the Owens College. The
Daton Senior Mathemitical Scholarship was gamed by J- ?•

Whitney ; the Ualion Junior Mathematical Scholarship by J. D.
Pennington ; the Dalton Chemical Scholarship by J. K. Crow ;

the Piatt Physiological Scholarship by L. Larmuth. Mr. Crow
presented a research upon the " Hypovanadoijs Compounds,"
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and Mr. Larmuth a research upon the '
' Physiological Action

of certain Vanadium Compounds." The number of students in

the various departments of the College during the session just

closed has been—Arts, Science, and Law, 415 ; Medicine, 175 ;

Evening Classes, 900 ; making a total—allowing for double
entries—of 1,450, being an increase of seventy on the number
registered durmg the session of 1875-76.

Leeds.—-On Saturday the prizes and certificates awarded to

the students at the termination of the third session of the York-
shire College of Science were distributed by Lord Frederick C.
Cavendish, the President of the College. Thoroughly gratifying

reports of progress were made by all the professors. Not only
has a site been obtained for the erection of permanent buildings,

but an architect has been appointed to prepare plans and
superintend the erection of the buildings. The first step has
been taken to provide what we have all along advocated, a com-
plete curriculum in literature as well as in science, by the
appointment of Mr. Marshall as classical professor, and it is

hoped that in a very short time a professor of modern literature

will also be added to the staff. Liberal contributions have
already been made towards the great expenses required to start

the institution, and the University E.\tension Committee have
handed over the whole of the funds of which they had been
made administrators in connection with Leeds, Still to attain

anything like efficiency the sum already obtained must be
doubled. It is the people of Yorkshire who will mainly benefit

by this new institution, and we hope it will not be difficult

to convince them that it is both their interest and their duty to

provide the greater portion of the funds required.

DtTRHAM.—At a recent Convocation the foUowmg degrees
and licences were conferred in connection with the University :

—

B.Sc. : John Thomas Dunn, Mather Scholar. Associates in

Physical Science : Edwin Cooke, John Richard Hutchinson
Williamson.

Paris.—The reconstruction of Charlemagne College, one of
the most celebrated national colleges in Paris, has just been
finished. The fitting-up of the buildings has begun, and they
will be ready by October next. This college was established
after the Revolution in the Hotel d'Anville, rue St. Antoiue,
which had been purchased from Anne de Montmorency by the

Cardinal of Uourbon, and bequeathed by him tothejesuits, then
in hostility with the University.

A large number of houses having been pulled down in the
Quartier Latin to make room for the Boulevard St. Germain, the
works for the enlargement of the School of Medicine have been
begun, and will be completed before the Exliibition. The
expense will be 2,838,000 fr.

NOTES
The varied and cultured tastes of the Emperor of Brazil are

unusual even among private individuals, and probably without a

parallel among his own limited class ; his activity and eagerness

for knowledge are astonishing. While in Paris, as we stated at

the time, he was present at almost every scientific meeting of any

importance, and in London this interest in science manifests

itself quite as strongly. He has attended every meeting of the

Royal Society, since his arrival, was present at Mr. A. R.

Wallace's lecture, carefully inspected the Science School at

South Kensington, called the other day on Mr. Crookes, visited

Dr. Siemens on Tuesday and Mr. Spottiswoode on Wednesday,

and Jndeed has conversed with almost every man of science in

London who has been doing any original work during the past

few years. These visits are not mere formalities, for the

Emperor is not satisfied until he masters whatever new research

is submitted to him. On Tuesday he was made an honorary

member of the Anthropological Institute and of the Royal His-

torical Society. Were the Emperor to stay here for some time

we believe his presence would have a distinct influence on the

public recognition of science ; and if there were any one in this

country in a similar station who took an equally real interest in

science, we believe it would be all the better.

Under the auspices of the Sanitary Institute, Dr. Richardson,

F.R.S., will deliver a lecture at the Royal Institution, Albe-

marle Street, on Thursday next, at 4 p.m., "On the Future of
Sanitary Science in relation to Political, Medical, and Social
Progress. " We hope to give a verbatim report of this lecture in

next week's number.

The last meeting of the Royal Society previous to the recess

was held last Thursday.

We regret to see that Poggendorffs name has been entirely

suppressed in the title-page of the new volume of the Annalen.
The journal now edited by Borchardt still bears Crelle's name,
and our Philosophical Magazine still keeps the names of Tilloch

Nicholson, and Thomson on its title-page. A similar allusion

to the man who has made the Annalen what they are, would
have been a better tribute to his memory than the short account
of his life which closes what we must now call the last volume of

Poggendorffs Annalen.

The twenty-si.xth meeting ot the American Association for

the Advancement of Science will be held at Nashville, Tennes-
see, commencing August 29, 1877. The president at this meet-
ing will be Prof. Simon Newcomb ; the permanent secretary is

Prof. F. W. Putnam.

The Geologists' Association have arranged for an excursion

mto Derbyshire on Monday, July 23 and five following days,

under the direction of the Rev. J. M. Mello, Prof. Boyd Dawkinp,
and Mr. Rooke Pennington.

The Select Committee to which the Ancient Monuments' Bill

was referred met on Monday, when Sir Joliu Lubbock was
chosen chairman. The Committee meets again on Monday next,

when evidence will be taken.

At the meeting of the Royal Geographical Society on Mon-
day, the last of the three lectures on scientific geography arranged

for this session was given by Mr. A. R. Wallace, " On the

Comparative Antiquity of the Continents. " The object of the

lecture was to establish the comparative antiquity of continents

by an examination of the living and extinct animals found in each,

and the lecturer came to the general conclusion that the main
divisions of the eaith had been nearly the same from the earliest

period. The Emperor of Brazil was present during the lecture.

In our report of the Anniversary Meeting of the Geographical

Society it was stated that the Society contemplated organising

an African Exploration Fund. The Society, it is known, has

taken no share in the International African Association founded

by the King of the Belgians ; while doing everything to forward

the views of that association, it seems to be of opinion that

England ought to carry out African exploration independently.

The Prince of Wales has become patron of the African Fund,

and a special committee has been appointed, with the president

of the society as chairman, the society having given a special

donation of 500/. A map accompanying the programme of

the scheme shows how large an area has been explored

by British travellers, and several routes in Eastern Africa

are suggested for exploration or careful examination. A
comparison has been [made of the length of each journey

in Africa in a few recent instances, with the cost of

making it. It appears that the total expense of despatching a

well-equipped exploratory expedition from England may be

roughly reckoned at the rate of \l. 10s. for each geographical

mile of country travelled over in Africa, supposing the expedition

to return to the place whence it set out. In through journeys

the rate is in many cases nearly twice as great. The aggregate

length of the seven specified routes is about 7, 700 geographical

miles ; consequently, the total cost of the proposed explorations,

at the above rate, would amount to about 11,550/. No doubt

many besides fellows of the society will be willing to help forward

this new scheme. In connection with this we may here state
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that the International African Commission has concluded its

labours. It has decided that the organisation of stations in Africa

belongs to the Executive Committee. The principal object of

these stations will be the suppression of the slave trade. It has

also been decided that an expedition shall leave Zanzibar in the

direction of Lake Tanganyika. The King of the Belgians has

been re-elected president of the Commission.

Triibner, of Strassburg, publishes this month the first number

of a ntw Zeitschrift fiir physiolopschc Chemic, edited by Prof.

I loppe-Seyler, of Strassburg and other eminent German chemists.

The purpose of the journal is to keep together such original

papers in physiological chemistry as are now scattered over various

chemical, physiological, and medical journals. The new Zcit-

schrijl will be published every two months.

It is stated that in a field near Cologne the Colorado potato

beetle has been found in every stage of development.

In connection with the agitation in favour of planting the

streets and squares of Manchester with trees, and protecting the

suburban vegetation, which is being carried on by the Field

Naturalists and Archxologists' Society of that city, a paper by

Mt. R. H. Alcock, F.LS., containing some curious informa-

tion, was read at the last meeting of the Society. Mr. Alcock

has experimented for the last twenty-five years in planting trees in

the vicinity of his mill, situated in Bury, a smoky manufacturing

town, a few miles from Manchester. He finds that the plane

{Plataitus oricntalis), which is so successful in London, will not

grow at all in Lancashire smoke even with careful culture. But

on the other hand he has been very successful with the beech,

sycamore, birch, wych elm, and Turkey oak. The lime, how-

ever, is the tree ehielly recommended : indeed, Mr. Alcock says of

it that he is absolutely certain it will grow well in the Manchester

thoroughfares if properly planted. If the Manchester people

are enabled to walk itnter ih'n Lindeti^ they will have reason to

thank the Society which is making such commendable efforts to

solve the problem in question.

It is just 140 years since the National Library of Paris was

made public. The area of the building has been enlarged more

than twenty times since that, and a scheme is now being planned

fur isolating the building from every other hou'e.

An important French work has just appeared at Geneva—" Le
Masiif du Mont Blanc. Etude sur sa Constitution geodesique et

geologique, sur ses Transformations et sur I'etat ancien et mo-
derne de ses Glacier.s," by E. Viollet Le Due, with 112 illus-

trations, and a map on the scale of i : 40,000. The work is the

result of seven years' exploration, during which the auihor has

set himself to map and describe with all possible accuracy, the

characters of the rocks and of the soil, the successive beds of

glaciers, the poutions of moraines, the forms of the (ones de

di'jection, as well as the general aspect of this great upheaval.

The map, based on the former maps of Capt. Mieulet, on the

well-knott-n relief of Mont Blanc constructed by Bardin, on the

surveys of Forbes, on the work of Alph. Favre, and on careful

surveys by the author himself, is indeed a remarkable work,

scientifically and artistically. After many attempts the author

has given up the idea of representing the relief by level curves,

and has returned to the old graphic system under a light cor-

responding to that of the sun abjut 10 o'clock on a summer
morning. In this way the relief of the locality is so perfectly

represen'ed on the map as really to deceive the eye. The
geological description deserves the attention of all geologists.

Mr. E. G. Ravenstein, F.R.G.S., read an elaborate paper

at the Statistical .Society on Tuesday evening last week, on the

populations of Russia and Turkey. The former of these Empires

has 84,584,482 inhabitants, the latter only 25,986,868, or, in-

cluding E^iypt, Tripoli, and Tunis, 43,408,900. The population

of Roumania is 4,8^0,000, of Servia 1,352,500. The population

of Russia increases at the rate of v\ percent, per annum, the

increase amon;st the Jews being at least double what it is

amongst the Christians. With respect to Turkey there exist no

data for calculating the increase, though it is mo.st probable that

the dominant race does not increase at all, a fact acco nited for

by vicious practices, and by the sacrifices demanded from it for

the defence of the empire. .Some curious facts were commeatci
with respect to the proportions between males and females.

Th.-oughout Asiatic Russia and in a considerable portion of

European Russia the m.ale sex preponderates. The same fact

has been noted in Roumania, in Greece, and in other parts of

Europe. The author thus summed up the results of his investi-

gations :—In the Russian Empire there are 100 Russians to

every 50 members of other nationalities, and 100 Christians to

every 16 Mohammedans and Pagans. In Turkey, on the o'her

hand, 100 Turks have opposed to them 197 members of other

nations and 100 Mohammedans, 47 Christians.

Mr. Stanford has just published sheet No. i of a large-

scale map of the seat of war in Europe. It exhibits with great

minuteness the region on both sides of the Danube where ope-

rations are being at present carried on, and extends southwards

as far as the latitude of Philipopolis. It is admirably executed,

and will enable a reader to follow the movements of the belli-

gerents with complete satis''action. Mr. Stanford also publishes

a bird's-eye view, by Maclure and Macdonald, of the seat of

war in Asia and Europe from Kurdistan, much better executed

than the generality of similar maps.

Further details appear in the American papers of the recent

destructive earthquake and wave on the west coast of South

America. .\ Lima correspondent states that at about 8 30 on
the night of May 9, a severe earthquake shock, lasting from four

to five minutes, moved the entire southern coast, even reaching

down as far as .Vntofagasta. The first shock was succeeded by
several others of less intensity, and the sea, receding from the

shore, seemed to concentrate its strength for the fearful and
repeated attacks it made upon the land. It leftCallao and pro-

ceeded southward. At MoUendo the raiUvay was torn up by the sea

for a distance of 300 feet, since repaired ; and a violent hurricane

afterwards set in from the south, preventing the approach of

all vessels, and unroofing the houses of the town. At Atica

the shocks were very numerous, and caused immense "damage in

the town, the people flying to the Morro for safety. The sea

was suddenly perceived to recede from the beach, and [a wave
from ten feet to fifteen feet in height rolled in upon the shore,

carrying before it all that it met. Eight times was repeated this

assault of the ocean. Iquique is in ruins. The movement was
expeiienced there at the same time, and with the same force.

Its duration was exactly four minutes and twenty seconds. It

proceeded from the south-east, directly from the direction of the

Ilaga. The town of Tarapatt, twenty-five k-agues inland, and
the villages of Rica, Matella, and Canchones were more or less

damaged. The shock of earthquake was especially severe at

Chanavaya. In some spots the earth opened in crevices of

fifteen metres in depth, and the whole surface of the ground was
changed. At least 200 persons were killed. At Antofagasta

the atmosphere was illuminated by a red glare, supposed to

proceed from the volcano of San Pedro de Atacama, a few

leagues in the interior. The sea com('letely swept the business

portion of the town during four hours. At liuanillion the wave
which succeeded the earthquake was nearly sixty feet in height.

Mexillones was visited by a tidal-wave sixty-five feet in

height. Two-thirds of the town were completely obliterated

In connection with the so-called "Tidal Wave" of the.

Pacific, Mr. Manley Hopkins writes to ye;terday's Timts :—
About the 1st of May last the great crater of Kilauea, on the
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flank of Mauna-Loa, had become active. On the 4th rather

severe shocks of earthquake vfere felt at the Volcano House.

At 3 P.M. that day a jet of lava was thrown up to the height of

about 100 feet, and afterwards other jet-, to the number of fifty,

perhaps were in operation. .Subsequently jets of stexm issued

along ihe line formed by a fissure four miles in length, down

the mountain side. On ihe 5th, an observing party finding the

disturbance lessened, descended into the vast crater. On the

plain which forms ihe fl >or of the crater a mamelon had been

thrown up 1,400 feet in diameter and 700 feet in height. Fire

and scoria spouted up in variou; places. Pele's hair, vitrcouj

filaments formed in the volcano, abounded. Things leturned to

a quiescent state. Between 4 and 5 A.M. of the loth an cscil-

lation of the sea was observed at Hilo, on the east coast of the

great southern ishind of Hawaii. At a quarter before 5 the

great " earthquake wave " struck the village. Tlie greatest

difference between the crest and the trough of the wave was

here, and it measured 36 feet. On the opposite side of tlie

island, in Kealakekua Bay, where Cook died, the measurement

was 30 feet. In other localities tlie diflference varied down to

3 feet. The regurgitations of the sea were violent and complex,

and continued through the day. The great wave seems to have

struck all the islands at the same time without reference to posi-

tion. The height of the waves was nowhere so great as at

Hilo. In 186S a great earthquake wave destroyed Arequipa

and Arica ; 30,000 lives were lost at that time. Allowing

five hours for the difference of longitude between those ill-fated

towns and Honolulu, and supposing ,
tliat the centre of the

seismic action was rightly placed, the wave on that occasion.

1.S6S, was calculated to have travelled the 5,000 miles between

Arica and Honolulu in twelve hours, or at the rite of 446 miles

an hour.

The shock of an earthquake visited the district between Ai.'c-

la-Chapelle and Cologne at about 9 A.M. on Sunday. The
movement was from south-west to noith-east, and lasted from

three to fifteen seconds. The vibration resembled that caused

by a heavy goods train. The Colo^n; Gazelle remaiks that the

last earthquake in the Rhine di.trict occurred on November 17,

1S6S, two days after a considerable eruption from Vesuvius had

cOTimenced

At a recent meeting of the Christchurch (N.Z.) Philosophical

Institution, Dr. Haast gave an account of the discovery of

remarkable ancient rock paintings in the Weka Pass Ranges.

Some of them are fifteen feet long ; they represent animals of

foreign countries, weapons and dresses of semi-civilised people
;

underneath are characters like those of the Tamil language, and

those on the ancient hill found in the North Island.

The great Moscow Polytechnic Museum was opened on June 12

by an extraordinary meeting of the Society of Fi lends of Natural

Science.

The Irkutsk newspaper Siieria announces that on April 28,

at 9.30 A.M., an earthquake was felt at Irkutsk. The shock was
veiy short and rather strong.

The second fascicule of the sixth volume of the Munoirs of

the Kazan Society of Naturalists contains the annual report of

the Society. The most important work done by the Society

was a geological exploration of the permian an 1 carboniferous

deposits along the banks of the Volga, between Stavropol and
Syzran, by M. Stuckenberg, and of the banks of the Kama in

the Vyatka government, by M. Zaytseff.

The additions to the Ziiolo{;ical Society's Gardens during the

past week include a Patas Monkey {Cercopillucus ruber) from
West Africa, presented by Mr. Edwaid Poulson ; a Yellow
Baboon {Cynocephalus babouin) from West Africa, presented by
Mr. H. E._Walters; a Purple Kaleege (Euplocamus horsfiddi)

from the North-west Himalayas, presented by Mr. John Ditmas;

an Imperial Eagle (Aqiiila iiiifcrialis), European, a Barrabands

Parrakeet (Polyteiis barrabandi) from New South Wales, depo-

sited ; seven Spotted-billed Ducks (Anns pccctlorhyncha), seven

Chilian Pintails (Dajila spinicauJa), eight Summer Ducks (Aix

spoiisa), two Bronze-winged Pigeons (Phafs chalcoptera), a

Geoffroy's Dove {Peristera gcffroii), bred in the Gardens; a

Hippopotamus (Hippopotamus aniphibius), born in Holland,

purchased.

SOCIETIES AND ACADEMIES
London

-Royal Society, May 31.
—"The Physical Properties ol

Homologues and Isomer?," by Frederick D. Brown, B.Sc.
When we attempt to compare the physical properties of a

series of compounds presenting very similar chemical properties,

we find, that although our knowledge regarding one or two
members of the series is tolerably complete, it is very restricted

concerning the others.

Among the alcohols of the C„H5„+iOH series, for example,
there are two—methyl and ethyl alcohols—with whose physical
properties we are well acquainted, but when we pass to the other
members of this series we find, that with the exception of nume-
rous determinations of density and boiling-point, experiments
have been limited to the measurements of expansion which have
been carried out by Kopp, Pierre and Puchot, and others.

In order to supply this want, I have undertaken a series of
experiments, the first of which are here noticed.

The density, expansion, and vapour-tension of propyl and
isopropyl iodides have been measured with the greatest care

;

the chief difficulty to be overcome being the impurity of the
liquids themselves, more than a kilogramme of each was specially

prepared and dried by means of phosphoric anhydride ; it was
then submitted to fractional distillation, about 500 grammes of
perfectly pure iodide being thus obtained ; this was again dis-

tilled and collected in about four portions, each of which formed
the subject of a series of experiments. The results obtained with
all these portions agreed most satisfactorily, showing that when
the substance is prepared with care, the error due to impurity is

well nigh obviated.

The following table gives the results in such a form as to show
that when the tensions of the saturated vapours of both iodides

are equal, the densities and consequently the molecular volumes
are unequal.
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pounds, so long as the boiling-points at the ordinary pressure of

Ihe atmosphere alone are taken into account.

Mathematical Society, June 14.—Lord Rayleigh, F.R.S.,

president, in the chair.—Prof. Crotton, F.R.S., proved some
geometrical theorems relating to mean values. These theorems

were chiefly interesting as examples of the employment of the

theory of probability to establish mathematical results ; they

were of a kindred nature with theorems given in the I'nil.

Trails., 186S, p. 185, and in Williamson's " Integral Calculus,"

second edition, p. 329. Mr. Merrifield made a few remarks on
the communication.—Prof Clifford, F. R.S. , read a paper on the

canonical form and dissection of a Riemann's surface. The object

of the paper is to assist students of the theory of complex
functions by proving the chief propositions about Riemann's
surfaces in a concise and elementary manner. To this end
certain results of Puisenx's were assumed at the outset. Prof.

Smith in making remarks on the paper expressed his in-

debtedness to the author in having cleared up a difficulty which
presents itself in Liiroth's paper on the subject.— Prof. II. J. S.

Smith, F.R. S., gave a short account of a further communication
upon Eisenstein's theorem.—Mr. Tucker communicated a paper
by Mr. J. C. Malet entitled, " Proof that every Algebraic Equa-
tion has a Root."—The Society's next meeting, will be held
on the second Thursday in November.

Royal Astronomical Society, June 8.—Dr. Huggins,
F.R.S., in the chair.—.Some tables for facilitating the computa-
tion of star constants were presented by Mr. Stone.—Mr. Marth
explained diagrams referring to conjunctions of Saturn and Mars
between July and November next—being a triple conjunction.

—

Dr. Royston Pigott described a method of collimating reversible

instruments by which the error could easily be determined within
2". Mr. Dunkin intimated that he would be greatly disappointed

to find his collimalion o"'25 out.—Mr. Gill recounted some of

the troubles that beset people who go after parallax, and de-

scribed some methods of getting rid of systematic errors.—The
president in the name of the mteting said " Good-bye" to Mr.
Gill on the eve of his departure for the Island of Ascension.

—

At 9 r. M. the proceedings were stopped by the president to leave

time for the special meeting called to consider a proposed altera-

tion in the bye-laws.

Paris

Academy of Sciences, June 18.—M. Peligot in the chair.

—

The following papers were read :—On the notation of Berzelius,

by M. I'.erthelot.— Some observations on the mechanism of

chemical reactions, by M. Berthelot. The new facts observed

relate to direct oxidation of haloid salts, and of sulphurous and
arsenious acids.—On the order of appearance of the first vessels

in the aerial organs of some Primula, by M. Trecul.—On the

crystalline form and the optical properties of proto- iodide of

mercury, by M. Des Cloizeaux. The ciystals generally occur in

the form of thin, flexible, weakly dichrfjic plates, of the quad-
ratic system, but liable to be mistaken (or a clinorhombic com-
bination. Across the planes of cleavage they give strong double
refraction, with positive axis. The salt is completely isomor-

phous with calomel (or the protochloride) ; and it is imperfectly

so with red bi-iodide of mercury, which, however, has a iirgalive

axis. M. Berthelot, in view of such facts, remarked on the

uncertainty they throw on the employment of isomorphism
as a method for determining the number of atoms con-

tained in a compound, and consequently the absolute value of

the atomic weights.—Reply to the observations of M. Mouchez,
by M. Villarceau.—On M. ^'illarce.au's A'l'iirvaii A'cn-ignfion,

by M. Mouchez.—On the interior sea of the Algerian Sahara,

by M. Favc. The slope at the borders of the lake, he points

out, would be very pronounced.—Theory for finding the number
of variants and contravariants of given order and degree linearly

independent of any system of simultaneous forms containing any
number of variables (continued), by Mr. Sylvester.—On the

present state of the solar atmosphere ; letter from P. Secchi.

In presenting a resiimf of the spots and protuberances of 1S76,

he gives his reasons for thinking the sun in a state of relative

(not alisoliite) calm. M. Janssen's view that there is rather a

tendency to speedy dissolution of spots than a state of (even

relative) calm, implies, he thinks, the false idea that spots can

be maintained for long without the continuance of eruption.

Their short duration indicates a short time of eruption, therefore

weak solar activity. Spots continue because the dissolved

matter is replaced by freshly erupted matter. We have no
proof, either, that dissolution is more rapid at the periods of

minimum. There are now signs of re-awakening activity. —On
electro-magnets with rundles of iron, by M. Du Moncel. He is

led to study these again by experiments of M. Fridblatt and M.
Jablochkoff. The lateral action of the magnetising currents on
the rundles is limited, he thinks, to a simple dynamical reaction

between parallel currents, which may, with very strong currents,

make plates of iron adhere strongly to the cheeks of the spiral,

but which does not develop exteriorly on these plates well-marked
magnetic polarities. This latter only occurs where the plates are

so small that the spirals act on them by enveloping them like a

core.—On the use of sulpho-carbonates and sulphide of carbon
in treatment of the vine, by M. Mares.—On a temporary affec-

tion of sight, by M. Pierre. Reading, one day, after having had
brain fever, a glazed volume, he found the characters apparently

more distant than the paper (about 4 mm. ) ; and the exerci.se

was very fatiguing. In the next eight or ten days the characters

seemed gradually to come nearer to the surface. —Historical

remarks on the theory of motion of one or several constant or

variable forms in an incompressible fluid, &c. (continued), by M.
Bjerknes.—^Determination of groups formed of a finite number
of linear substitutions, by M. Jordan.—On the metallic solar

eruptions observed at Palermo from 1S71 till April, 1S77, by M.
Tacchini. In 1S71 the zone of eruptions was confined between

+ 70° and — 40" ; in 1S76 it extended only between zero and
— 21°; and in the first four months of 1877 there has only

been one very small eruption.—On a new general method of

synthesis of liydrocarbons, acetones, &c., by MM. Friedel and
Crafts.— Reducing action of phosphorus on sulphate of copper;
phosphides of copper, by M. Siiot.—Chemical researches on
crystallised carbonite of lead formed on objects found at Pompeii,

by M. de Luca.—Observations on some xanthates ; separation

of cobalt and nickel, by M. Phipson.—Researches on tetra-

chloride of carbon and its employment as an ancesthetic, by M.
Morel. 1 le w.as led to this application of it by the similarity of

its formula (C^Clj) to that of chloroform (C0HCI3). It is found

a perfect anx-sthetic and more powerful than chloroform, but
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THE CAXTON EXHIBITION

THE exhibitirn just opened at South Kensington to

commemorate the 400th anniversary of the first

authentic pubHcation issued from an.Enghsh press, is one

that must appeal to all who can read, and possesses an

interest for the man of science from various points of view.

We need not repeat the many platitudes that have been

uttered and are now likely to be reiterated on the vast

importance of the invention of printing by means of

movable types. It was a gift to the people of Europe of

a pair of intellectual seven-leagued boots wherewith to

tread the path of culture
;
progress during the last 400

years has been beyond all proportion more rapid than

during any previous period, and while no doubt other

causes have been at work, the strongest impulse has bsen

received from the invention so interestingly illustrated at

South Kensington. Mr. Gladstone, in his speech on

Saturday, stated that he did not think the invention of

movable types in itself anything very extraordinary, and
wondered that it had not been blundered on long before

the time of Gutenberg and Fust. But the same might be

said of most inventions in their first rude forms ; we who
are accustomed to locomotive engines and ocean-going

steamers, for example, are apt to wonder how the world

was so long in hitting on these applications of steam.

But the truth is that in art as in nature no stage is reached

by a leap ; it requires a collocation of many little circum-

stances before any new form is ripe for development. And
probably, if we could minutely trace the precedents of the

invention of printing, we might find that it was the most
natural thing possible that it should have taken place just

when it did and not before. Probably all the material condi-

tions or''enviro:iment" may have reached the proper stage

a century before the actual invention, but then there was no
Gutenberg or Fust (or whoever the genius was, for this is

no place to discuss the much-discussed question) v/ith the

requisite discernment to perceive this, and the practical

skill to proceed in the direction indicated by the condi-

tions. It is curious that all the extant remains of the

work of the earliest known printers are really wonderful

in beauty of execution, which makes one doubtful if we
have any of the very earliest specimens, and whether the

date of invention should not be pushed further back than

the accepted one.

The exact date of the invention, however, has not been

satisfactorily ascertained. That it was complete by the

year 1450 there seems no doubt, and by the year 1500

printing-presses had been set up in 220 places in Europe,

and many books, mainly editions of the classical writers,

and religious books, were in circulation by their means.

Mainz was the city in which the new art reached its first

full development, spreading thence to Haarlem and
Strassburg, from Haarlem to Rome, 1466, by Sweynheym
and Pannartz, who are said to have been the first to make
use of Roman types, to Paris in 1469, to England about

1474, and to Spain in 1475.

The exact date of the introduction of printing into

England is not certain ; it may have been I47i,it was not

Vol. XVI.—No. 401

later than 1477, the date of the publication of Caxton's
" The Dictes and Sayings of the Philosophers," the first

book certainly printed and published in England, at the

Almonry at Westminster Abbey, where Caxton set up his

press ; it is to commemorate this event that this year has
been chosen for the Caxton celebration. There is a story

that a press was set up at Oxford a few years before

Caxton's at Westminster ; but the evidence for this state-

ment is quite untrustworthy. The first English book
printed was by Caxton at Bruges, probably in the year

1474, "The Recuyell of the Histories of Troye." It was
at Bruges, where Caxton lived in his capacity of mercer,
a man of great importance, and in the retinue of the

Duchess of Burgundy, that he learned the new art of

printing from Colard Mansion ; when he brought the

invention to England he was probably about fifty years of

age, having been born in the Weald of Kent somewhere
about 1420 : nearly all dates connected with Caxton are

very uncertain.

According to Oldys, the first book in wliich Caxton had
any hand is one which may very fairly be considered as

connected with natural science. Its title was " Bartho-
lonieu de Proprietatibus Rerum," said to have been
printed while Caxton was at Bruges in the retinue of the

Duchess of Burgundy. The work is a kind of natural

history, by Bartholomew Glanvill, a Franciscan friar, who
flourished about 1360, explaining more especially the

nature and properties of the beasts, birds, fishes, stones,

&c., mentioned in Scripture. The work had already oem
translated into English in 1398 by Jotin de Trevisa, and
the translation was printed in England, probably on the

first paper made in this country, by Wynkyn de VVorde,

after Caxton's death. It is only right to state, however
that according to Mr. Blades, the great authority on all

connected with Ca?.ton, no impression of the edition in

which Caxton is said to have had a hand, has ever been
found.

Caxton, who died in 1491, although he published from
his press at Westminster a wonderfully large and varied

collection of works, docs not appear to have been attracted

to any bearing on science, strictly so called. Probably
Mr. Gladstone hit on the reason in his estimate of

Caxton's character when he spoke of him as a thoroughly

practical Englishman who went in only for what would
pay. The " Image or Mirror of the World," one of the

popular books Caxton translated from the French, treats,

however, of a vast variety of subjects after the imperfect

natural philosophy of the day. We have an account of

the seven liberal arts ; of nature, how she worketh ; and
how the earth holdeth him right in the middle of the

world. We have also much geographical information,

amongst which the wonders of the Inde occupy a con-

siderable space. Meteorology and astronomy take up
another large portion. The work concludes with an
account of the celestial paradise. There are twenty-

seven diagrams explanatory of some scientific principles

laid down in this book ; and eleven othtr cuts illustraiive

of other subjects treated in the work. The work was
translated by Caxton in 1481, but the first edition has

no printer's name, place, or date. The history of the
'• Mirror of the World " may be summed up thus :

—

Before the middle of the thirteenth century an unknown
author wrote in Latin " Speculum vel Imago Mundi." In
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1245 this was turned into French metre by the Due de

Berry; in 1464 this was turned into French prose, and

from this text Caxton took his translation.

Even abroad the proportion of scientific to other classes

of works issued from the early printing presses was com-

paratively small ; but this may be satisfactorily enough

accounted for by the fact that there were then compara-

tively few really scientific works in existence. From the

Italian presses a very large number of arithmetical and

geometrical works were issued at the end of the fifteenth

and beginning of the sixteenth century. The Alphonsine

tables were printed at Venice in 1483 ; but one of the

earliest works in any way connected with science must

have been a folio sheet, " Conjunctiones et opposiciones

solis et lunse," dated 1457 ; the place of publication we

have been unable to ascertain. There is a " Gerardis

Cremonensis Theoria Planetarum," quarto, dated 1472,

and an Albertus Magnus " Opus de Animalibus," printed

at Rome in 1478. Other early printed works which, con-

sidering the time, maybe classed .as scientific, are " Oues-

tiones Johannis Cunonici super octo libros Physicorum

Aristotelis " (Padua, 1475) ;
" Garetani de Thienis in

Meteor, libros Aristotelis Expostio " (Padua, 1476) ;

" Prognosticon," a meteorological work published at

Venice in 1485. But when we come into the next century

the number of strictly scientific works published in

England and other European countries increased with

amazing rapidity, and we may say has gone on increasing

in ever enlarging proportion ever since. The first English

translation of Euclid by Billingsby is said to have been
published in 1570.

It is a small thing that books of science are all but

unrepresented in the Caxton Exhibition ; these could no
doubt have been obtained had they been sought for ; but
the object of the exhibition is simply to illustrate the
origin and growth of the art of printing, which has been
an inestimable boon to science as it has been to every
other form of human activity, and the man of science
owes as much gratitude to its inventors, and to Caxton its

ntroducer into England, as does the worker in any
other department of culture. Happily, as we hope to

show, science has been able to some extent to repay her
debt by importing improvements into the art which
would not have been possible but for her researches.

THE DEVELOPMENT OF THE OVUM
Biiischli on the Earliest Developmental Processes of the

Ovum, and on the Conjugation of Infusoria.

Studien iiber die ersten Entivicklungsvorgdnoe der
Eizelle, die Zelltheilun^ iind die Conjugation dcr Infu-
sorien. Von O. Butschli. (Frankfurt, 1876.)

TC'EW subjects can be more important in their bearingr on biology than the more prominent of those con-
sidered in this volume. It now rests on a morphological
basis which will never be shaken, that there has been a
procession of the most complex animal forms from simpler
and still simpler ones, until we reach eventually the uhi-
mate of organised simplicity. There may be difficulties

n the way, but they are as nothing to the overwhelming
evidence which morphology provides in its support

;

doubt, indeed, is no longer jpossible ; and every year

diminishes the circumscribed area of difficulty. But our

knowledge hitherto of the developmental processes which

take place in the earlier states of the simplest elementary

organisms is wholly incompetent. Much labour has been

expended, and doubtless good work has been done ; but

as it at present stands, it is conflicting, crude, and essen-

tially wanting in coincidence and correlation. The work

before us is the result of an attempt on the part of its

author to penetrate farther into the matter than his pre-

decessors, and by completer knowledge to harmonise or

explain away conflicting evidence and doubtful interpre-

tation, and if possible to give a sequence to the morpho-

logical processes in the simplest ova, and in the least

apparently organised of animal forms.

From the smallness of the space at our disposal all

consideration of the second subject discussed in this

volume must be passed over. It deals with cell and

nucleus fission generally ; but as it is chiefly theoretical,

we may the more readily omit it, merely remarking that

the author concludes that there is a fundamental har-

mony in the method of fission in the cells of both animals

and plants ; a conclusion which it may be fair generally

to admit ; but in the minute detail, only discoverable

by prolonged research, there will be found palpable

differences.

That which gives distinction, and to some extent im-

portance to the book, is (i) its minute and practical

investigation into the earliest changes effected by deve-

lopment in the ova of some of the more lowly organised

animal forms ; and (2) the abundance of data which

it appears to provide for the support of a new theory

of propagation amongst the infusoria, which Butschli

propounds and advocates.

The embryological researches under the first head
were conducted principally upon the ova of the Nematoid
worms and the Rotifers. To a limited extent the living

egg was studied ; but the greater part of the results are

derived from investigations of the ova treated with acetic

acid. This is greatly to be regretted. The difficulties

which present themselves in the minute examination of

such ova in the living condition, are doubtless great,

indeed complete results could scarcely be obtained from

this alone. But undoubtedly the continuous examination

of a set of living ova in process of development should be

can'ied on simultaneously with every method of treatment

which will reveal structure and change in ova of the

same form in the dead condition. Only in this way can

every possible mutation be traced, and its correlation and
sequence be established.

It is extremely difficult to distinguish even striking dis-

coveries in this direction from the manifold claims put

forward by the many observers. We must state gener-

ally the facts as they at present appear, and seek to

indicate the points specially claimed as new by Butschli.

It is now well known that the ovum is not suddenly

formed, and then stimulated into new activity by fertili-

sation. It evidently, in its very lowliest condition, goes

through a process of internal growth and development
;

after which apparently it perishes unless fecundated. In

1864 Balbiani endeavoured to prove that besides the

germinal vesicle, there existed one still more important^

which he called the embryogenic cell or vesicle in the

ovarian ovum ; and it was held by leading embryo logists
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that it was round this cell that the true embryo was con-

stituted ; but in what manner, each observer appears to

have determined for himself. The disappearance of what

was accepted as the germinal vesicle was generally agreed

to ; but whether before or after impregnation was never

fully determined. That it merely retrograded to the

centre and determined segmentation as the result of

fecundation, was held by many ; while the embryogenic

vesicle was said to persist, and from it were derived the now

celebrated "globules polaires," or " Richtungsblaschen,"

which had been variously called by different writers from

Carus downwards " white vesicles," '• round vesicles,"

" clear globules," and so forth, and which are now thought

to enter directly into the genital organs of the future being ;

Balbiani considering them of much importance in the

evolution, inasmuch as they are found ju«t in the region

of the ventral layer of the blastoderm where the genital

organs appear.

We have only space for a consideration of one of the

instances adduced by Biitschli of earliest ovum develop-

ment ; but that may suffice to indicate the distinctive

nature of his work. We select the eggs of Nephdis vul-

garis. In their youngest state, the yolk is retracted from

the delicate membrane, and there is, resting on the yolk^

a minute mound of spermatozoa. At a little distance

from this spermatozoal eminence there is an eccentrically

placed spindle-shaped body, composed of fine longitu-

dinal fibres, which at the equator of the spindle are

swollen to a thick shining granular zone. The yolk mass

is depressed at one point, and the spindle has its long

axis directed to that of the flattened yo'k. At the ends

of this body there are clear homogeneous spots, from

which rays go forth in all directions through the yolk.

This spindle-shaped body Biitschli affirms to be the true

germinal veiicle j and it is this which is carried upward

to the surface of the yolk, by the elevation of the upper

set of rays proceeding from the homogeneous spot over

its upper apex, until eventually this spindle is pushed out

of the yollc in three segments. In the part first pro-

truded fine granules appear, and these retain their con-

nection with the fibres in the part still inclosed in the

yolk, by fine filaments, which also terminate in a

zone of granules. This protruded vesicle is the " Rich-

tungsblaschen ;" the real place and relation of which, in

the subsequent development of the egg, is nowhere deter-

mined by these researches. In the stage of partial pro-

trusion of this vesicle, at about a quadrant from the

point of its exit, another clear space arises sending out

its radial rays ; this enlarges, moves to the centre, and

the germinal vesicle—now the " Richtungsblaschen "—is

at this time quite protruded. At a point in the yolk deter-

mined by the point of exit of the " Richtungsblaschen,"

two minute nuclei appear, one in the upper margin of the

clear space, and the other between that and the point of

exit of the said vesicle. They are at first entirely dis-

connected, and both, by treatment with acetic acid, prove

to be true nuclei. But they soon unite in the clear spot

or space, and, at its expense, rapidly grow. They become

a perfect nucleus with a distinct envelope and fluid con-

tents, and distributed within the latter'are dark granules.

While these processes have been taking place two of the

three segments of the " Richtungsblaschen " have again

united, and at the same time the transformation of the

nucleus begins. At two points on opposite sides of the

nucleus, and in the direction of the long axis of the yolk,

there arise clear spots and their accompanying rays.

Between these, the nucleus differentiates itself into long

fibres, and becomes a spindle-shaped body exactly like the

germinal vesicle. An equatorial zone arises in it which

is called a nuclear-band (kernplatte), which now divides;

and each half recedes to the opposite ends of the spindle-

like body. These ends now lose their points and become

rounded, and in the mean time occurs the furrowing or

constriction of the yolk. Another equatorial band arises

in the nucleus or spindle, and when the constriction of

the yolk is half accomplished the formation of nuclei of

the second generation takes place from the ends of the

spindle, these being nuclei in the completest sense. These

fuse together and grow at the expense of the clear space

—

the growth of the nuclei and the diminution of these

homogeneous spaces being in all cases correlative. When
these nuclei are developed both hemispheres of the

yolk collapse, and an almost spherical shape is again

resumed.

What became of the fibres of the spindle was never

discovered, but'about this time the remaining segments of

the " Richtungsblaschen " reunite, and in it a system of

fibres appears. The following fission processes are but

repetitions of this.

It becomes from the above apparent that Biitschli takes

it for granted, first, that the eggs studied had been subject

to no earlier developmental changes than those with which

he starts. Next, that there can be no question as to the

identity of his "spindle-formed body" and the germinal

vesicle. He further at first claimed the extrusion of this

germinal vesicle as the " Richtungsblaschen,," as a sole

result of the stimulus of impregnation ; and ventures to

consider that the process,of nucleus formation described

is widely diffused in the animal world, and that it is

probably universal in impregnated eggs.

But (i) there is not the remotest evidence to show that

processes of considerable import m.ay not have preceded

the condition with which these investigations started
;

complex processes are still known to occur in the unim-

pregnated ovum. We have only indeed to turn to the

next example given by Biitschli himself to prove all this.

In Ciiculanusclegans the ovum leaves the ovarium without

an envelope ; and within the yolk is seen the "large round

germinal vesicle and the germinal spot." The latter

vanishes after impregnation, and the germinal vesicle

becomes eccentric—and the next'thingwe are told is that

"the germinal vesicle was no longer in the yolk, but

instead of it there was a spindle-shaped something like

that seen in Nephelis." How was the change effected ?

What were the steps ? The transition is all-important,

but how it happened is not worked out ; and it would be,

in so important a question, a matter of the greatest in-

terest to know lioi^i the perfect spindle-formed body, with

which these observations begin, arose. Nothing final

can issue in this inquiry until, from first to last, every

process and every step therein has been consecutively

made out.

(2) The identity of this body with what is known as the

germinal vesicle is certainly probable, but by no means

certain, at present. It is certainly true that this supposi-

tion derives considerable support from the fact that Ratzel
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found that in the ripe ova of Tiibifex, prior to laying, the

spherical germinal vesicle lost its spherical shnpe, elon-

gated, became spindle-shaped with a meridional striation,

and so forth, closely resembling the nuclear spindle of

Ncphclis. But as the process is described by Biitschli

this would involve the necessity that the <vliole of the

germinal vesicle was extruded as the "Richtungsblcischen"

in every case. Against this, however, there are irresistible

facts ; and in an appendix to the volume the author is bound

some sense to admit that there are cases where " a part

of the germinal vesicle may remain." If this be so evi-

dently there is missing a link in the chain of observation.

Difficulties of an equally complex character present

themselves in the collation of these researches with those

of other distinguished embryologists which it would be

hopeless even to attempt to consider here.

3. That the expulsion of the " Richtungsbliischen " is a

result of impregnation must also be abandoned. In the

text of this treatise the author earnestly contends for this

point nevertheless ; and endeavours to dispel the force of

the very definite results of CEUacher, Bischoff, Flemming
and Beneden. But these are points that may be settled

with comparative ease, and it certainly is true that the

expulsion of the " Richtungsbl.Hschen " may show itself

as one of the earliest phenomena of development in the

unfertilised egg. This is now admitted, and in the ap-

pendix is allowed by Biitschli.

4. The universal application of the method of develop-

ment seen in Ncphclis, although strongly contended for,

and carried by analogy into the interpretation of the theory

advanced in the third part of the volume to account for

the propagation of Infusoria, can only be admitted with

the utmost caution. The evidence given by the author

is by no means perfect. In Cuculanus clegans, for

example, he admits that the transition of the nucleus

spindle into the " Richtungsblaschen " cannot be made out

as in Ncphclis, but contends that it ought not to be doubted.

And precisely the same difficulty attaches to the transfor-

mations of the nucleus, of which " nothing could be cer-

tainly found ; " yet the same doctrine is carried over, as

though precisely the same phenomena had been witnessed

as in Ncphclis. So in relation to other Nematoids, it is

rather inference than evidence that the protruded vesicle

is the germinal vesicle, as in Nepliclis. So in Liinnceus

auricularis, essential points in the origin and subsequent

evolution of the spindle and nuclei are presented, not as

the result of observation, but of inference, and a leap

across a chasm between two preparations of the ovum
which show no continuity of evolution, is taken with an

assurance that " doubtless," although the intermediate

process was not made out, we might be guided by the

analogy of Ncphclis.

These facts are pointed out, not in the slightest degree

to detract from the value of the author's observations, but

simply to separate them, as such, from the inferences he

draws from them. There can be little doubt that great

value belongs to the discovery of the nucleus spindle and

its behaviour in evolution ; and there can also be little

question that it is largely original research ; but its rela-

tion to anterior and subsequent processes is not so defi-

nitely discovered. It is nevertheless a source of great

interest to find that Balbiani has given such complete

and recent confirmation to the main characteristics of the

spindle-nucleus. 1 It is true that he does not confirm the

division of the equatorial band in the nucleus, and claims

to have shown the existence of the clear spaces and ray-

ings accompanying the nucleus-transformations in the

eggs of spiders four years before. But evidently a step

is gained by these observations on the earliest develop-

ment of the ovum ; although, from the careful work of

M. Fol, it is clear that not only the interpretation, but the

detail, may be open to question.-

\V. H. Dallinger

J. Drvsdale

(To be continued.)

THE ALKALI TRADE
The History, Products, and Processes of the Alkali Trade,

including the most Recent Improvements. By Charles

Thomas Kingzett. (London : Longmans, Green, and
Co., 1877.)

TOWARDS the middle of last century the price of oil

of vitriol was 130/. per ton ; the same substance

now sells at 5/. per ton. In the first years of the present

century soda crystals sold at about 60/. per ton ; their

present price is about 4/. 15^. per ton.

In 1S61 the Lancashire district produced 8,800 tons of

soda crystals, 4,600 tons of caustic soda, and 1 1,700 tons

of bicarbonate of soda. The same district consumed, in

that year, 161,000 tons of sulphuric acid and 135,000 tons

of salt. Five years later (1866) 194,000 tons of salt were

consumed in the same district, while the out-put amounted
to 25,000 tons of soda crystals, 11,000 tons of caustic, and

6,500 tons of bicarbonate, together with 87,000 tons of

soda ash and refined alkali, and large quantities of

bleaching liquor, bleaching powder, &c. The following

numbers, obtained from the Alkali Association, show the

increase in the alkali trade of the United Kingdom
betv.'een the years 1862 and 1876 :

—
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the growth of scientific knowledge. The facts discovered

in the laboratory have been turned to account in the

alkali work, and the theories of the chemist have not un-

frequently received confirmation at the hands of the

manufacturer. Conversely, the wants of the manufacturer

have hastened the discovery of fresh facts, and the success

or failure in the application of these facts on the large

scale has reacted beneficially upon the advance of

chemical theory. In 1750 sulphuric acid was manufac-

tured by distilling sulphate of iron in earthen vessels

luted to glass receivers. The destruction of plant obliged

the manufacturer to adopt a better method. The chemist

supplied him with the facts : Nitre and sulphur when
burnt together produced sulphuric acid. The manufacturer

supplied the mechanical means for realising this process on

the (comparatively) large scale. Soon after this time

Scheele discovered chlorine ; the manufacturer, acting on

the experiments of the chemist, turned to account the fact

that chlorine readily combines with hydrogen. But the

impulse thus given to the bleaching trade necessitated a

corresponding advance in the manufacture of sulphuric

acid. The chambers in which the nitre and sulphur were

burnt were enlarged, improvements were adopted, and the

price of the acid decreased while the consumption in-

creased.

In more modern times we see the" need of a cheaper

method for manufacturing chlorine, giving rise to the

successful process of Weldon, a process based upon
strictly experimental laboratory data, and to the hitherto

not so successful process of Deacon. We see the failure

of the latter process inducing its discoverer to extend his

researches, and as a consequence chemical science is

enriched with a valuable paper which throws consider-

able light upon the general principles of chemical

dynamics.

While the history of the alkali trade illustrates the

benefits conferred upon manufactures by science, and the

requital made to science by manufactures, it also forcibly

illustrates the uses which to-morrow may bring for the

waste products of to-day.

The monopoly granted by the King cf Sicily to one
firm in the exportation of sulphur obliged the manufac-
turers of oil of vitriol to have recourse to some other

source of sulphur. The introduction of pyrites led to the

accumulation of burnt ore, and this again to Henderson's

method for extracting copper, a method which, whether

considered chemically or commercially, has proved most
successful. The hydrochloric acid sent out from the

chimney of the alkali works has, since 1863, been almost

wholly condensed, and from this once wasted acid im-

mense quantities of bleaching powdei are now manufac-
tured. The acid liquors from the manganese still, although

rich in manganese, were formerly sent into the nearest

stream, thus causing at once a loss to the manfacturer

and a nuisance to the neighbourhood. Now, however,

these liquors are turned to use, the nuisance is abated,

and the manufacturer is enriched.

But if one is to acquire a just idea of the immense
dimensions, and of the importance of the alkali trade

from a commercial, chemical, or general point of view,

one must learn in detail the history of the manufacture,

the development of the processes which gather round

the alkali trade as their centre, and the connections

ivhich subsist between the practical carrying out of

the manufacture and the general principles of chemical

science. Such a knowledge may be obtained from the

work before us. Mr. Kingzett gives a clear and succinct

account of the rise of the alkali trade and of the present

state of the manufacture. Notices, sufficiently detailed

for the purposes of the general reader, of all the recent

improvements are introduced. The allied trades, espe-

cially the bleaching powder and soap manufactures, are

described.

The book necessitates a general knowledge of chemistry

on the part of the reader, inasmuch as processes are every-

where referred to their fundamental chemical principles.

He who wishes for a rule of thumb acquaintance with the

alkali manufacture will certainly find the information

given in this work beyond his scope. On the other

hand, the man who, having a general knowledge of

chemistry, really wishes to learn how chemical facts are

turned to account in manufactures, and also how me-
chanical difficulties are overcome, cannot do better than

study—not read only—the work before us.

The chemical manufacturer also may gain from this

ivork a more extended knowledge of his trade, and he

may receive many hints, which, if he be of an inventive

turn of mind, he may some day turn to account. The
author has evidently endeavoured to treat the subject

from the standpoint of the scientific manufacturer, and
we think he has very fairly succeeded.

Full details of the more modern improvements of Har-
greaves, Mactear, and others in the manufacture of alkali

are given. The Weldon process for manufacturing bleach

is described minutely, the improvement suggested by Mr.
Weldon, whereby loss of calcium chloride would be
avoided, is mentioned, and its utility is pointed out.

Of course there are parts of the book which it appears

to us admit of improvement. The introduction of an index

would add to the value of the work. Might we suggest

to Mr. Kingzett that it would be well to re-write the pre-

face, and generally those portions of the work in which
he indulges in philosophismg ? The book begins with

a platitude :
" The wealth of a nation may be said to be

indicated by the magnitude of its commerce." It closes

(the last chapter is purely statistical) with a poor simile :

" Life may be compared to a spectrum with its bright and
dark lines."

M. M. Pattison Muir

OUR BOOK SHELF
River Terraces. By Col. George Greenwood. (London :

Longmans and Co.)

For somewhere about fifteen years no name occurred more
frequently in the geological correspondence of our maga-
zines and newspapers than that of " George Greenwood,
Colonel," and no letters carried with them a more marked
individuality than those to which that name was appended.
They never betrayed any doubt or hesitation, but made
merry over the doubts and difficulties of other and more
experienced observers ; they showed in vigorous language
that in so far as a correspondent agreed with their author,

he was right, that in so far as he differed he was wrong.
Fathers in science like Lyell and Darwin, as well as

striplings, not yet emancipated from geological long-

clothes—one and all needed instruction and correction at

the hands of the enthusiastic Colonel. He spoke of the
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geologists of the country as schoolboys, whom he had to

drill in the beggarly elements, and divided them into

classes according to their acquirements or their aptitude

to receive his lessons. He began by enforcing his views
as those of Hutton and Playfair, and gradually so identi-

fied himself with them that he regarded them and the

very words expressive of them as his own property, which
no one should claim or touch except in the way he chose
to sanction. Peace be with his memory ! He did a good
work in his time. Men gladly overlooked his personal
failings for tint sound sense so often underlying his self-

asserting remarks about geological forces which had not
been adequately understood in this country when he
began his crusade of " Rain and Rivers." The present
volume is a reprint of his letters on all manner of subjects,

written at different times from 1859 to 1875. But surely its

publication was not needed for the scientific reputation of

the author. The letters are given as they originally

appeared, full of references to passing incidents, and to

letters by other writers, which of course are not inserted,

but without which Col. Greenwood's diatribes are often
unintelligible. There is no attempt at editing. The title

of the book also is misleading. Instead of a treatise on
river terraces, it is a medley of clippings from the
columns of various periodicals relating to such varied
subjects as Spelling, the Possessive Augment, Source of
the Nile, Glen Roy, a Horse-Chestnut Tree, Rain and
Rivers, Sirloin, Pronunciation of Latin, Lakes with Two
Outfalls, a Beech pierced by a Thorn Plant, Origin of the
Chesil Bank, &c., &c

LETTERS TO THE EDITOR
[ The Editor does not hold hirnselfresponsible for opinions expressed

by his correspondents. Neither can he undertake to return,

or to correspond with the writers of, rejected manuscripts.

No notice is taken of anonymous communications.

The Editor urgently requests correspotidents to keep their letters as

short as possible. The pessure on his space is so great that it

is impossible otherwise to ensure the app.'arance even of com-
7?!unications containing interesting and novel facts.\

Tail on Force

In Prof. Tail's lecture oa "force," which its writer seems to

have intended as a model of perspicuity and accuracy, we are

told that "we must measure a force by the rate at which it

produces change of momentum." Nothing could be clearer or

more satisfactory than this statement. Then Prof. Tait proceeds
to tell us what force " is," and we read—" Force is the riite of

change of momentum "—giving to this word "is" the meaning
which the so-called metaphysicians give to it ; and it seems to

me that we might jangle over it for ever, without ever knowing
whether this latter statement be true or not ; for ahhough we
may all agree as to tlie proper measure of a force, it seems to be
more difficult to tell what force "is." Po?sibIy we might
roughly measure the hunger of a man unjer different circum-
stances, by determining the number of pounds of beef he would
consume, but it would be hardly warranted to s.iy that hunger
" is " a certain rumber of pounds of beef.

Perhaps it may be advantageous to apply the name force to

the thing which we have heretofore called rate of cliange of
mamentum due to force, but I cannot imagine how any one can
think that a certain "rate of change of momentum" can pro-

duce a unit of momentum m a unit of time. Until this shadowy
" phantom " called force can be brought a little more sharply

into locus, it seems to me that considerations as to what it " is
"

may profitably be left to those who appear to delight in the
obscurity of obscure things—the metaphysicians.

St. Louis, June 4 Francis E. Nipheu

P.S.—On showing this note to a friend, my attention was
drawn to a note by Robert Napier in Engineering, which makes
the present one seem almost superfluous. Remembering, how-
ever, the difficulty which I had in understanding these very

points on account of the loose way in which they are put in

many textdiooks, I feel that too much cannot be done to pre-

vent such things from going into text-books in the future.

—

F. E. N. I

[Prof Nipher's censure does not apply to my lecture, simply
because he fails to remark that I had two objects in view, (i) to
point out the sense in which the word force must bi used if we
desire to avoid confudon

; (2) to point out that, in all probability,
there is no such thin^ as force. Under the first head I of course
referred to Newton's "Laws," and in them language is used
which at least suggests the objective reality of force as the cause
of change of motion. We must take Newton as we find him.
But there is no inconsistency in afterwards proceeding to give
reasons which appear conclusive against the objective reality of
force,

With some of Prof Nipher's other remarks I can cordially

agree. Since my lecture was published I have been in almost
daily receipt of passages containing errors amounting often to

the wildest al)surdities, due to misuse of the term force. The
latest to which my attention has thus been called is in the Corn-
hill Alagazine for June. Here the non-scientific public is

gravely told that "what mathem^ilicians call the moving force
extrted by the earth on the moon is eighty-one times greater than
the corresponding force exerted by the tnoon on the earth."—
P. G. T.]

On Time

If I understand V. K. Julius's letter in NATURE, vol. xiv.

p. 122, on the measurement of time, it may be thus summa-
rised :

—

As equal times, unlike equal linear magnitudes, cannot be

brought alongside of each other, their equality can be ascertained

only by means of velocities. (This wiU not be disputed.) We
define those times as equal during which the same space is tra-

versed by equal velocities ; but the postulate that a velocity, e.g.

that of the earth's rotation, contmues unchanged, is arbitrary,

incapable of proof, and juitified only by practical convenience.

It seems to me, on the contrary, that the postulate is not

necessarily arbitrary, but may bs absolutely justified by facts.

The best case to put is that of the pendulum, which, according

to Sir William Thomson, is probably capable of measuring time

with greater accuracy than the motion of the earth itself. If we
assert that equal forces acting through equal spaces produce

equal velocities (and this is rather a definition than an axiom),

then the assumption of the equal velocity of all the pendulum's

strokes postulates nothing except that the force of gravitation

continues unchanged. I admit that I see no way of proving

this, but it may be safely assumed in the absence of any knov/u

or probable cause of change. Joseph John Murphy
Old Forge, Dunmurry, Co. Antrim, June 19

The Antiquity of Man

I HAVE no desire to enter into the controversy respecting the

age of the paL-eolithic implements found in brick earth near

Brandon, by Mr. Skertchly. I had the [great pleasure of going

over some part of the ground with him and Mr. Belt in Novem-
ber last. But what I saw then was not sufiicient for me to

make up my mind upon the question. Of course Mr. Skertchly,

with his immense experience, has far more evidence m his

repertorium than a cursory visit could alford to me.

My object in writing this letter is to point out that, if it

should eventually be proved that a glaciation of the surface has

occurred in East Anglia subsequent to its human occupation,

but one which is not identical with, but posterior to, that glacia-

tion (whether land or marine) which deposited the great chalky

boulder-clay, then this is no more than I put forward many years

ago in my papers on the "warp " (Geol. Journal, 1866) ; and
on the "glacial origin of denudation" (Geol. Mag., 1866) ; and
on the " denudations of Norfolk " (Gcol. Mag., 1S6S).

I think this is the direction to which the course of opinion

appears to be tending, and I ask you kindly to bring under the

notice of the younger generation of geologists the speculations of

an elder brother.

I call the product of this supposed glaciation "trail." The
more orthodox, I believe, consider it to be " rain wash," and I

had hoped th.at some competent writer would have thought me
worth confuting. But none has done so. I have reason to think

that one of your correspondents did actually put down as boulder

clay this very deposir, at one of the most important sections

which I saw near Brandon. O. Fisher
Harlton, Cambridge, June 28
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Museum Reform

No one acquainted with the condition of the greater proportion

of our provincial nuiseums can do otherwise than confess with

sorrow that much of what is alleged against them in the paper
of Mr. Boyd Dawkins is too true. While fully concurring in all

he says as to the actual state of matters in these amorphous
receptacles of curiosities and conceits, and as to the crying need
for reform, you will perhaps allow me to mahe a few comments
as to the causes which contribute to ketp museum collections in

their present disreputable condition, and the means by which
they may be worthily organised, and raised to their high and
proper position among the educational agencies of the country.

It is necessary in the first p?ace to accept Mr. Boyd Dawkiris's

glorification of the collecting instinct with some modification or

rather amplification of its scope. A man is indeed "poor and
much to be pitied " who is not a collector in some sense ; but it

does not require demonstration that many of the best and greatest

benefactors of mankind are not collectors in a way that contri-

butes to the building up of museum--^. Statesmen, soldiers,

poets, philosophers, and orators are not of necessity poor and
much to be pitied because they may not devote their leisure to

the collection of coleoptera nor find solace in the beauties of

Lucca della Robbia. In nine cases out of ten, indeed, the col-

lector is a person of one idea, and that idea is that the gathering,

labelling, and arranging of the objects of his fancy is the beginning,

end, and sum of science. He is generally an estimable person
;

but as regards scientific culture he is quite as well employed in

collecting spoiled postage stamps as he would be in gathering

together the species of any of the great divisions of the animal
kingdom. When we come to the tenth man—the intellectual

collector—we find a really scientific worker, but one necessarily

confining himself to a limited field. He is in short a man with

a hobby, or, to put it more courteously, a specialist. Put a man
of this select class in charge of a provincial museum, and wliile

probably he is too wise to speak slightirgly of any department
of human knowledge, he will mevitably develop his own special

subject at the expense of all others. A geologist draws towards

him rocks and fossils, an entomologist collects in the particular

group of insects to which he has given attention, and an archioo-

logist looks only or mainly for antiquities. If the man is a simple

collector of the ordinary type he know's nothing or despises every-

thing beyond his region, and hence in part the jumble of ethnology,

art, ami science which Mr. Bo)d Dawkins so graphically

desciibes.

A specialist, though an indispensable cultivator of science, is

a very bad museum curator. A curator should be like a news-
paper editor, a man of general knowledge and culture. Unlike
an editor, he should belong to no party, but be possessed of

catholic sympathies in science and art ; teady to accept and use

the assistance of specialists, in a way that will subordinate all

departments to one harmonious general plan. Further, he should

possess an experimental knowledge of the routine duties of a
museum, such as can only be obtained by a training or apprentice-

ship in a well-organised museum.
No provision, I need hardly say, exists at the present time for

training young men to museum woik, and there is no pecuniary

inducement held out for lads to seek curatoiial qualifications.

The tra'ning obtained in the great metropolitan museums is

special ; and in the government service there is no hiving olT of

apprentice^. Municipal and free li!.iary authorities have not

)et learnt that a well-equipped museum is an expensive institu-

tion, and though many corporation dignitaries may spend^annually

1,000/. and upwcrds on purchases for their private collections, it

does not occur to them that it is necessary to do more than open
the doors of a public museum or art gallery, and allow collec-

tions to accumulate, arrange, classify, catalogue, and conserve

very much of their own accord. And so we obtain the dusty,

misleading, higgeldy-piggeldies which do duty in provincial

towns as " museums."
Before these institutions can rise from their present dismal

estate it is essential that much more money be devoted to them.
Of course it does not matter whence the funds come—from
public rates or private benefaction—provided it comes honestly

;

but there is, as the law now stands, hardly in any town suf-

ficient rating power to build and maintain a museum adequate

to the population and wants of the locality. Free library boards

with their penny rating limit have in many instances committed
themselves to very ambitious mistakes by instituting numerous
district libraries, and throwing in a public museum to the bar-

gain, under the delusion either that their penny is like the

vpizard's inexhaustible bottle, or that these institutions will

live and flourish "without visible means of support." The
result is, that while libraries have been crippled and half starved,

ratepayers have been justly disgusted with the very name of
museum.
The provincial public mind, both official and extra-ofiicial,

stands sorely in need of enlightenment as to the nature and
functions of a museum. The education of opinion on these
points is the first step required for the elevation of local

museums. With that eflected, enlarged rating power, a demand
for competent men, and adequate support to institutions on a
broad educational basis would soon follow. Local museums,
ceasing to be mere curiosity-shops, receptacles of "relics from
Sedan," "water from the Jordan," with six-legged cats and
similar monstrosities, would become storehouses of well-selected

information and material for the use of teachers and investiga-

tors, as well as instructive and elevating resorts of the general
public.

No class of institutions existing could be made mutually more
helpful than museums. Duplicates innumerable go to wreck
and dtstruction in the stores and cellars of almost every museum,
while certainly many kindred institutions stand in need of what
is simply an encumbrance to some. Similarly with labels and
stores of information, each institution at present stands apart,

working painfully, and perhaps erringly, at tasks which might
well be spared, seeing that it is and has been done over and
over again in other institutions. Again, one locality possesses
rare and unusual facilities for obtaining particular classes of ob-
jects, and that advantage can,;by a system of exchange ,be made
properly beneficial to its own museum by drawing what it needs
from other.=. Further, in these days of comparative infancy,

the experience of the ofificers of the older museums would be of
unspeakable value to tho;e struggling amid difficulties of which
they barely recognise the nature ; and to all, the countenance of
the great institutions—which should be prepared to stand more
ill loco pariittis than they at present do—and the advice and
help of their specialists would be of much advantage. In these

days of conferences, associations, and unions, it is manifest that

there is room for a conference of museum keepers, and no one
can doubt that vast go .' v. ould result from drawing the officers

of museums of all kinds into cl<^ser relationship with each other.

Will the energetic cfiiceis of South Kensington not display once
more their organising talent by bringing together such a con-
ference, which, it may be hoped, would result in a peimanent
union among museum ofticers.

J. P.

Taunton College School

May I ask the insertion of the following brief remarks :

—

The writer of the article in your paper of the 2Sth on Taunton
College School is urder some strange misapprehension, which
perhaps may account for his unfavourable criticism oi the schemes
of the Endowed Schools' Commission. He clearly implies,

though he does not positively state, that the present distutbance

at Taunton (of which I know nothing) and the scandal at

Felsted two or three years ago are in some way attributable to

the wrong constitution of the governing body, under schemes of
the Endowed Schools' Commission.

Taunton College School is not under a scheme of the Endowed
Schools' Commission, and no scheme was ever proposed for it

by that body. A scheme for Felsted Grammar School was pro-

posed by the Endowed Schools' Commission, with the hearty

goodwill of the late master, but was rejected by the House of

Lords on the motion of the Bishop of Rocliester (now of St.

Alban'i). The trustees who dismissed Dr. Grignun were the
very body whose constitution our scheme proposed largely to

modify, and who were in consequence not a lit'le anno)ed.
Your writer will, I hope, excuse my saying that he will serve

the cause of science and of schools much beiter if he does not
weaken his attacks on the guilty by hitting, or making feints of

hitting, at the innocent. Henry J. Roby,
Late one of the Endowed Schools'

Manchester, June 29 Commissioners

Hog Wallows

I HAVE been watching with some interest the progress of the

discussion on the "Hog Wallows" of California, which has

been in progress in your papier during nearly all of this year.

When a member of the California Geological Suivey Corps, 1
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had numerous opportunities of studying the phenomena in that

and the adjoining states of Oregon and Nevada ; more especially

in the southern parts of the desert. There they are developed

on the largest scale, and there their origin is obvious.

Prof. Le Conte's account of them vi'ants but a single word to

have settled the question. I attributed them, then, exchuively

to the action of the wind, and after reading what others have to

say about them, see no reason for changing that opinion. The
Profesjnr says, " I attribute them to surface erosion." Had he

inserted a'ci ial, nothing more would have been wanted ; although,

since he speaks of weeds and shrubs taking possession of them,

subsequent to their formation, he does not seem to have exactly

hit on the rationah of the process.

One case luay serve as an illustration. In the southern end

of the Rtese r<.iver Valley, Nevada, is a broad, perfectly level

plain without a water-course ; only a few shallow dry gutters

show where tlie rain water runs to scattered spots, where it sinks

or evaporates. The region is alm^jst rainless. The plain is

covered for many square miles with these mounds, varying up to

four or five feet high, and up to twenty, thirty, and even perhaps

forty feet in diameter. In every case they are 11 ade up of only

the finer particles of the soil, the coarser grains and gravel being

visible in the interspaces. The dust and sand has in all cases

been heaped up in and around a clump of sage bush which con-

tinues to grow out of the top of the mound. Little vegetation

grows on the flanks of the mounds, and when it does, it forms

the nucleus of a subsidiary hillock. The mounds are thus

formed by building up, and only the intervening spaces are

caused by an erosion, taking place to day, and not caused by
water, much less by ice. Wm. M. Gabu

Puerto Plata, Sto. Domingo, June S

Fertilisation of Salix repens

During May I was watching the movements of the insects on
a plant of Salix repens, when I noticed some frets which may
prove interesting to some of your readers. It was mainly visited

by the common hive-bee {Apis mdlijica 5 ) and the humble-bee

{Bonibiis terreslris 9 ). The former of these flew gaily about from

catkin to catkin merely taking one bite at each ; but the latter

went far more systematically to work ; it never flew at all, but

crawled in a ludicrously feeble w:iy from catkin to catkin, and
once on a catkin it cleared it thoroughly, thrusting its probos-

cis between every pair of florets. I do not know whether this

greater thoroughness is at all times characteristic of the humble-

bee as compared with the hive-bee and should much like to be

informed. And another thing which I do not understand is, that

one of these humble-bees appeared to have two kinds of pollen

on its legs, one that of Salix repens, the other of a much darker

and more-orange coIour,'though when examined under the micro,

scope the grains proved to be of the same shape. H. H.

Wellington College, Wokingham, June 30

THE FUTURE OF SANITARY SCIENCE-
POLITICAL, MEDICAL, SOCIAL^

T COULD have wished it had been in my power on the

present occasion to produce one of those essays which

appeal to the imagination while they prepare the mind for

the reception of sanitary principles and practice. Such

essays are tempting and, in their place, instructive. To-

day I am bound on a voyage less pleasant, yet I hope

not less useful.

There has recently been called into existence a new
society under whose summons we now meet. The society

has assumed to itself the expressive name of the Sanitary

Institute of Great Britain. It starts as a voluntary

effort by men and women who are wiUing and anxious to

give effect to those teachings of sanitary science which

the past half-century has revealed. It invites all who

• An address delivered before the Sanitary Institute of Great Britain at

the Royal Institution, on July 5, 1877, by Benjamin W. Richardson, M.D.

,

LL.D., F.R.S.

are concerned to utilise the knowledge that has been

acquired in that time. It wishes to encourage new re-

search. But it has for its most anxious care to render use-

ful to mankind at large the accumulated store of know-
ledge which at this moment lies ready for so many grand

purposes relating to health. It accepts as its object, work
for health, health of all the human family.

Shall some one say the object is ambitious ? Yea, we
reply, it is confessedly ambitious. Shall some one say the

means at command for the work to be attempted are

weak ? Even so. Life is short, art long. Yet the short

yields the long, and but for the short the long could not

be. It is out of these littlenesses of human effort that the

greatnesses follow. Or, as Benjamin Rush very forcibly

puts it, and simply as forcibly :
" There are mites in

science as well as in charity, and the ultimate results of

each are often alike important and beneficial."

It is my fortune, good or bad, to have to preside over

the council of this new society. Of the ability of those

who form the council, and of their experience, I need not

speak in detail, for their names are familiar to the world.

They represent, I may say, sanitary science in all its

branches, and from them, working harmoniously together,

good results must be expected.

It seems fitting therefore as we enter on our work to

look forward to the future. It is a part at least of our

duty to look towards the future with the view of seeing in

what directions we may best proceed ; what assistances

we may have to call upon ; and chiefly what great powers

we may have to consult and propitiate.

The three great powers with which our society will have

to treat are the political, the medical, the social. From
each of these we shall expect constant assistance. To
one or other of these, whatever we do, our work will be

transmitted or transferred. They will bring it into prac-

tical form and effect, or they will reduce it to nothingness.

We can suggest and set forth initiatives, and with that

our functions are complete in each particular branch to

which we address ourselves.

It is our special duty to keep this special fact steadily

in view and to limit our labours by it. It too often happens

that young societies like young men are apt to believe

that they can conduct national processes as easily as they

can conceive them, and under this belief fail most signally

with the best of attempts. I remember in my early career

getting a lesson from one of our late well-known statesmen

on this very point. I was explaining to him the efiforts I

had made in 1855 and the succeeding three years to

establish a registration of the diseases of this kini;dom,

and I bewailed the hard experience which proved that

the greater the scientific success of the effort the more
impossible it became to carry it out. In fact, said I, in a

pitiful strain, the success almost ruined me in mind,

body, and estate. " Served you right," was the immediate

reply, " Served you right. If individual men could carry

out national projects where would be the nation.'" The
reply was hard as it was unanswerable, and from that

time to this I have given up all thoughts of doing more
than sowing seed in the field of literature and leaving it

to the chance of fructification on that extensive soil ; or in

showing some mere model of experiment which, per-

chance, may grow into working form. And this, I think,

is the whole natural scope of our Institute,—to sow the
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seed of sanitation ; to think out plans of projects for

working methods ; to lend its many minds, as if they

made up the mind of one man, for devising from the past

the best for the present, and respectfully to declare our

conclusions.

The directions in which we shall hive to move, the lines

on which we shall have to move, are, I repeat, chiefly

three—the political, the medical, the social. The powers

on these lines must be approached in every work of ours,

however simple, however complicate it may be. I shall try,

as the title of my discourse explains, to indicate certain

points in which we are most likely to come in contact

with these powers and the changes we may expect to work
in and through them.

The Political Part.

In this country political action has been varied in

relation to sanitary improvements. Sometimes politi-

cal necessity has crossed sanitary progress, as, for ex-

ample, in the imposition of a tax on sunlight, on foods

that are essential to life, and in the granting of licences

for the sale of pernicious drinks. At other times,

and by fits and starts, political action has been in

aid of sanitary work. So far back as the reign of

Edward the Third, 1361, a royal proclamation was
made through Parliament for preventing the slaughter of

cattle in the streets of London because of the pollution of
the streets and the drains which arose from that cause.

From that time under great emergencies other similar

acts came into force. They rarely lasted very long. As
the urgent necessity for their existence passed away, they
were allowed to fall into abeyance, and no permanent
machinery was kept in order for insuring their continued
and effective action.

Let me not, however, in saying this, be understood as

conveying any special charge of neglect against English
legislation. It is just to state, as an historical fact most
creditable to our national history, that our legislators have
by a long precedence taken the lead in sanitary affairs

over those of o:her nations. In 1802 the great sanitary

act for regulating the labour of children in factories set the

example tiom which much useful legislation has followed

at home and abroid. In 1838 that great original sanitary

scheme for the registration of the births and deaths of the
kingdom was inaugurated, to become a collection of facts

relating to life, and disease, and death, of which there is

elsewhere no parallel. And, since the era of the Crimean
campaign, so much legislation has been attempted bearing
on health, I dare not attempt even to enumerate the titles

of the different measures that have been introduced. At
this moment there can b; no doubt as to the sincerity

of our governments, of whatever party they may be
composed, for dealing with every subject relating to

the public health in an efficient manner, and in as
rapid a progression as the slow and sure mode of par-

liament iry procedure will permit. The subject indeed
presses at this moment with so much force on the govern-
ing mind, that if there be any danger ahead it is the
danger of too miraculous a draught of small enactments, to

the exclusion of comprehensive measures which all who
run may read.

In saying this it is necessary to guard myself against
error of expression. By comparison with all the nations
of the world beside, we have obtained legislative measures
which are splendidly comprehensive. No other country
in the world can present an approach to the Public Health
Act of 1875. That Act, as far as it goes, is admirably con-
structed. Its constitution of sanitary authorities through-
out the kingdom ; the power it vests in those authorities

to appoint learned medical officers of health ; the pro-
visions it makes for securing to each locality better

sewerage, freedom from nuisances, improved water supply,
regulation of cellar dwellings, governance over offensive

trades, and removal of unsound foods ; the provisions for

prevention of spread of infection and for the erection of
hospitals and mortuaries ; and the provisions for the
regulation of streets and highways, lighting of streets,

estabhshment of pleasure grounds, and regulation of

slaughter houses ; these, as well as the general provisions

for the carrying out of the Act, are most commend-
able as practical plans by the working of which the
nation may be tempered into sanitary mould of thought
and character.

In a word the Act of 1875 is an improvement of the
first degree on all that has preceded it, and although
much of it, by the necessities of the constitution of our
country,—which recognises the domination of free will

even in its age of ignorance,—of a permissive nature,

the working of the Act must in a few years remove
a great amount of disease from the land and prevent
the invasion of diseases of an epidemic and spreading
type.

Sanitation however admits of being studied from two
distinct points of view, the legislative and the scientific.

The legislatoi may say, and perhaps with justice, that the
production of such a measure as the Act of which I now
speak is as much as can hi done. The man of science
may say that this is childish talk, that much more requires
to be done, and that after all that which has been done,
though it be comparatively great, is practically imperfect
and very little. Science in this respect is always in

advance of legislation, and that is her true place,— the
pioneer's place. I remember the time perfectly when every
fragment of the Public Health Act of 1875 was in the
hands of men of science solely, and was called a chimera,
over which great lawgivers shook their wise heads and
passed by.

At this moment the positions of science and legislation

are relatively the same as they have ever been, and it is

fair for us men of science now as in the past time to de-
clare the way ahead for the law-maker. 1 shall proceed
again, therefore, as I have often before, to indicate one
or two new starts in sanitary legislation, not from
the legislative but from the purely scientific poiat of
view, uninfluenced by the many and vehement individual
grievances and troubles which beset the path of the
minister of state. In so doing I shall indicate also, by
inference, what I think our society ought to support in
the sanitary policy of the future.

In the first place, then, we ought to expect in the political
progress of sanitation that there will be established in con-
nection with the Government one central department in
which every subject, directly and even indirectly, con-
nected with the health of the people, will be considered.
Tnis department, it is to be hoped, will be under the
control of a Cabinet Minister, and will supervise the sani-
tary work performed at present by the Local Government
Board, the Registrar- General's department, the sanitary
regulations of jails and reformatories, and all the duties
now pertaining to the supervision of factories, in so far as
the health of the employed is concerned: in fine, every
sanitary work that can be weeded out of every other
department of the state.

To such a central board or department a specific name
is necessary. The name should be as distinct as that of
the department for war, for the navy, for the exchequer,
or for the post-office. The name, it is to be hoped, will be
emphatically the Health Department, and the chief of it

the Minister of Health.
It may be urged that substantially we are drifting into

some such order as is here suggested. It may be urged
that the Local Government Board is step by step assum-
ing the duties assigned, as above, for the State Depart-
ment of Health. To some extent this is true, and it might
be advisable, for the sake of the connection which must
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always exist between such a central board and the various

local boards, in the kingdom to add to the name of Health
Department that of Local Government Board. But for

the sanitary object the leading name must be Health, and
Local Government must come in merely as indicative of

the connections that exist between the State and the local

centres—as the machinery.
In this question of progress there is involved an immense

deal in a name. It is essential to the scientific sanitary

teacher tliat every reasoning mind in the kingdom sliould

become familiar with the two significant words, pubhc
health, or national health. It is equally necessary to let

the people know fully that the Government has the health

of the country under its general and wise supervision.

But it is utterly impossible to make either of these facts

understood by the masses so long as any sanitary autho-
rity, central or local, has a title which fails to convey the

meaning of its functions. To speak to the masses who
are listening to a lecture or discourse on health about a
local government board is only to confuse tliem. They
ask you afterwards what it all means, and they go away
imbued with the impression that it means anything
except what relates to the health of the people.

1 am speaking very practically in suggesting that in

the course of political sanitary progress it is an absolute

necessity for success to give its proper and only name to

the department of state which presides over the national

health. I do not state too much in declaring that every
public measure vk-ould carry more weight if it went forth

as being under the supervision of the health department.
It may appear a refinement of illustration, and yet

it is a sound argument that vaccination would have
met and would meet with far less opposition if it

were enforced under the general supervision of a State

department of health. As it is the people connect the

carrying out of vaccination with something other than
health, and even as distinct from the idea of conservation

of health. It is looked upon as a legal tyranny, having no
scientific setting forth of its intention, and as springing

from no scientific authority. If you attempt to reason
with its active opponents on the subject, and refer to the

authority that exists, they dispute the competency of the

authority in name and form ; and, foolish as the objection

may be, it is potent for obstruction.

In making this suggestion there is no necessity to offer

a word agamst the continued action of local self-govern-

ment. The work of the local centres in all parts of the
kingdom instead of being in any degree curtailed and
restrained, should be encouraged and maintained. In
the sanitary local work the word health should, however,
again come forward as the one prominent designating
term to which all others should be subject.

Our Sanitary Institute could not turn its attention to

any more suitable labour than that of inculcating the
necessity for the institution of one state department exclu-

sively devoted to the healtli of the people. In the success
attending such an efioit a double result would be achieved.
The country would have secured for it the best and most
direct guidance on iis most vital interest, and scope
would be given to the industry of men of science in a new
direction. Men, whose lives have been devoted to the
study of life and health, would be prepared by their devo-
tion for the accepted service of their country in public
form, and the Houses of Parliament would become, at
last, congenial spheres for their labours. The Houses
would be strengthened by such adhesions ; the men would
be more useful and honoured.

Another work in the political line which will be
demanded in the future for the benefit of the sanitary
cause is the preparation of such a digest of all our prac-
tical sanitary laws that every person of intelligence can
read and understand what may be legally enforced for

the maintenance of health. What may be done in this

direction ought to be so simple and so plain as to be

brought into a school-book. Not a line should be left

for the subtlety of the legal brain to twist into contor-
tioned illegibihty. The laws by which the health of a
man, and thereby of a nation, can be preserved to the
utmost, are so simple in nature that nothing but the utmost
simplicity can truly express them, and the whole labour of

the future, if it is to be of any service whatever, must be
directed to the discovery and establishment of such sim-
plicity of exposition and direction. Up to the present
time much that has been done has been provoked by that

most untrustworthy of all human provocadves to action,

—

fear. Some great epidemic has occurred that has caused
universal dismay ; some great catastrophe has occurred,
like that of the Crimean campaign, which has excited
universal criticism on the failure of sanitary provisions
by the authorities of the nation. Some such slip has been
permitted in sanitary rule as that which recently let scurvy
undermine the workers during a great enterprise of dis-

covery. Straight ivay on the heels of such events there
have been commiisions of inquiry, and as a direct or in-

direct result there has often come forth some particular

enactment. Or—and this is by no means rare—some indi-

vidual of the House of Commons, impressed with the
danger of a great national evil, has pressed for a national

remedy, and, by steady persistence session after session,

and by showing that he never knows when he is beaten,
has forced the Government to take up his measure and to

carry it through.

From these modes of legislating for health we have
obtained many minor acts which fill and refill the national

statute books. And still this process promises to go on,

a process of labour in a circle with much lo;s of time and
expenditure of force without ultimate progression.

It would be vain to find fault with the past for its

doing.s. As vain to find fault with the State for meeting
State disorders by empirical remedies as it would be to

find fault with the physicians of a former day for the same
mode of procedure. If the people demand a recipe they
must have it, be it from the State or the family physician.

The question that now comes forward is vdiether the
time has not arrived for ceasing to treat the health of the
nation by specific or supposed specific remedies for par-

ticular errors, and whether we may not find in the future

a few veiy simple and natural guiding principles on which
all acts of ParHamen'. relating to the health of the people
may be based ?

Before this effort can be attempted the existing acts

that .touch on health,—public health acts, metropolitan
health acts, contagious diseases acts, vaccination acts,

factory acts, acts relating to the importation of caitle,

adulteration acts, and others relating to prisons, work-
houses, and the like, and which, if they even lie latent are

not repealed,— these, one and all require to be considered
together, with the view of determining whether an Enulish
or even a British act of setilement for the vital regenera-

tion of the realm is not practicable on a simple natural

basis of natural requirement.

I am fully aware that this suggestion carries with it the

idea of a gigantic labour ; but it will have to be done, and
once fairly tackled I dare say the apparent difficulties will

readily dissolve away. It is a mere question between
doubting and attempting : and we all know and feel that—

" Oar doubts are traitors,

And make us lose the good we oft might win
By fearing to attempt."

Supposing the existence of an efficient central depart-

ment of health acting under the direction of a minister ot

health, a grand new duty, as it seems to me, would be to

determine what is the evil or what are the evils that

have to be removed in order that the cleanest bills of

health may be regularly presented to the nation. With-
out such preliminary knowledge all sanitary work is

unsound to the last degree. It were as wise for me to



July 5, 1877] NA TURE 187

write a prescription for a man without inquiring into his

disease, his antecedents, and modes of life, as for the

State physician to prescribe for national siclcness without

inquiry into the nature of the sickness, its antecedents,

and the cause or causes that led up to it. The great

work, therefore, and indeed the first sanitary work of

the future, standing before all other sanitary legisla-

tions except the formation of the central authority, is the

systematic enumeration, week by week, of the diseases of

the kingdom, through the length and breadth of the

kingdom. It is utterly hopeless to attempt any decisive

measure for lessening the mortality, which is certainly

more than double what it ought to be, until this State

labour is faithfully carried out. It is vain, comparatively

speaking, to know what totality disease hands over to

death, unless we know also what health under one or other

cause of disturbance yields over to disease. Physicians

and statists strain their eyes to try to get at the extent of

disease. Laborious geographers like Mr. Haviland spend
years in constructing maps from the tables of mortality,

in order to get a mere approximation of the distribution

of disease in England: and meanwliile disease itself, con-

stantly cheating the observers, is making its way without

being under any systematised recorded observation.

For the omission of a registration of disease there is

no conceivable excuse. The thing has only to be done.

The organisation of the Registrar-General's department
has fully opened the way to the collection and the utilisa-

tion of the facts relating to birth and death. These
elements swing in the statist's balance readily, and are
weighed by our consummate stale weigher of life and
death. Dr. Farr, as accurately as the Chancellor of the

Exchequer balances the national ledger. With equal
readiness Dr. Farr, if the data were collected for him,
could tell from week to week the health as well as the

mortality of the kingdom. In a short time, under such
regular record, the whole nation would know the reigning

health, the reigning disease, of every centre of life. And
if, as might easily be done, the diseases of the lower ani-

mals and the diseases of the vegetable kingdom were
included in the returns, all the facts of disease would be
completely rendered.

I think I have already referred to an effort I made
many years ago to carry out this design of registering the
diseases of the kingdom. I refer to that effort again for

a simple reason,— for the purpose of indicating that there

is really no greater difficulty in getting the facts than
there is in utilising them. I attempted no more than the

registration of the epidemic diseases, and I could afford

no more than the publication of a quarterly abstract of

the data that were forwarded. But in a short time fifty

medical observers were sending in returns from as many
stations, extending from St. Mary's, Scilly, to Lerwick, m
the Shetland Islands. These stations could easily have
been increased to any extent, and the amount of informa-
tion regularly communicated was indeed most valuable.

Two facts connected with this attempt are perhaps
worthy of note, one as showing something determined,
and the other as showing something suggested. In

the returns sent from the district of Canterbury in the

spring quarter of the year 1857 was included the first

account of the invasion of this country, at least in any
known time, by the disease since then so prevailing and
fatal, diphtheria. This disease first appeared in the little

village of Ash, and was called the Ash fever. The out-

break was observed and recognised by Mr. Reid, of

Canterbury, and was reported to my register by Mr.
Haffenden, who collected for me the facts of prevailing

diseases from eight medical observers living near to him,
of whom Mr. Rtid was one. The first facts of a new
disease in this country were thus recorded on the spot,

which is something even as matter of history. How such
a fact, reported at once to a central government authority,

might be dealt with ; how promptly a central authority

so advised might act in arresting a fatal epidemic at its

origin, and what national service might be rendered
thereby, you, quite as well as I, can judge !

The fact of a suggestive nature springing from the
working of the returns is not less interesting. The
labour led me to refer to the returns of sickness sent

every week by the medical officers of the Poor-Law
districts to their boards of guardians. I found that

these returns, over 3,000 in number, which, when they
have served their local purpose, are practically worth-
less, could by the slightest modification be utilised as
returns of the sickness of all the sick parochial popu-
lation under official medical care, and I submitted a plan
for such introduction to public approval and to the
Government, but without effect. Yet if the plan had been
adopted from those three thousand weekly returns, cast

away and still cast away, I calculate that 1 56,000 tables of
disease per year would have been submitted to scientific

analysis which, since the time when the suggestion was
first made, would have multiplied into 3,276,000 tables,

including in each table a record of at least ten times
as many particular examples of disease. To what im-
portant national uses such an array of facts systematically

arranged and examined could have been applied you, as
well as I, can judge ! And still neither of us can judge
effectively, because in dealing with data taken from
nature there is always something important to be elicited

which never was looked for, and often, too, that some-
thing unlocked for is better than that which was specially

looked for.

Our Sanitary Institute will do well in continuing to

press this scheme for the registration of disease on the
Government, and it may greatly assist the work by lend-

ing its mind to the best means of collecting the facts on
which the weekly reports of disease will have to be based.
I might enlarge on this part of my subject, but I should
prefer to remain silent until the views of the medical
officers of health, now a large and influential class, have
been correctly ascertained. My present purpose is served
if I have sufficiently directed public attention to the prin-

ciples of the design.

In the future of sanitary science the politician must
come forward more determinately than he has yet done,
in order to secure for those over whom he governs three
pure requisites—pure water, pure food, pure air.

The Public Health Act of 1875 deals with the water
question, and makes provisions for the local authorities

to supply their respective districts, by means of a com-
pany, or by independent action. For my part I see no
hope of any effective change for the better by these pro-
positions. It is utterly hopeless to trust to companies in

a matter of such vital moment. It is equally hopeless to

trust to the undirected action of local authorities. If we
trusted to such agencies for the collection and delivery of
letters by post, does any one suppose that the results of our
present postage system would be attained ? Yet important
as intercommunication by letter is, it is less important
than the supply in due quantity and pure quality of that

vital fluid which makes up three parts out of four of every
human organism, and which is wanted as much by the
millions who never receive a letter, as by the millions who
do. In this political part of sanitation, the Government
must do one of two things. It must either produce a
process or processes for pure water supply, and insist on
every local authority carrying out the proper method ; or
it must,—and this would be far belter,—take the whole
mat'er into its own hands, so that under its supreme
direction every living centre should, without fail, receive
the first necessity of healthy life in the condition fitted

for the necessities of all who live.

By recent legislation we have some security for ob-
taining fresh animal food, and foods freed of foreign

substances or adulterations. The penalties that may be
inflicted on those who sell decomposing, diseased, oradul-
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terated foods are beginning to have effect, and much good
is resulting. Nevertheless, even here the legal rule falls

short of completeness. The inspection of animal food

is as yet most unsystematic and imperfect. With all our

richness of means ready at command, we have not

approached that admirable system for the inspection of

animal foods which our Jewish brethren, through ages of

ignorance and oppression, have managed so efficiently to

carry out, and which has entirely saved them from many
of the great calamities of disease that have fallen on less

careful people. The complete inspection of animal
foods, including milk, is a clear piece of sanitary law
which, from day to day and hour to hour, must ultimately

be enforced.

Imperfect as legislation may be in respect to supply of

pure water and food, it is advanced in these directions

when the steps it has taken for supplying pure air are

brought under observation. There is no practical legis-

lation of any kind on this requisite. The air of our
large towns is charged with smoke and impurity. The
air of our great factories is charged with dusts which
destroy life with the precision of a deadly aim. Dr.

Purdon, one of the certifying surgeons under the Factory
Acts, reports that in the flax-working factories under his

care the carders, who are all females, if they get a card-

ing-machine at eighteen years, generally die at thirty

years. Can any fact be more terrible than such a fact,

that a girl of eighteen should have to live by an occupa-
tion that will bring her existence to an end in fourteen
years, and to that end with ail the prolonged wasting,
sleeplessness, suffering, incident to the disease consump-
tion of the lungs. If it were the fate of these doomed
workers that at the close of fourteen years' work the
majority of them were taken forth and shot dead in an
instant, their fate were infinitely better than it is. The
heart of the nation would thus be roused, and the law in

all its majesty would be put in operation to arrest the
progress of the crime and to punish the offenders. Yet,
year after year as effective an offence goes on, and be-
cause the results of it is hidden in the sick-room there is

no arrest of its progress, no punishment for its commis-
sion.

In the application of political science to preserva-
tion of health not one subject presses more earnestly
than the question of the supply of a pure atmosphere to

the millions of industrials of these islands. In an in-

quiry I recently undertook on this matter for the Society
of Arts, Manufactures, and Commerce, the facts that
came before me were as of a new world. You will find
a compact mass of these facts in the lectures I had the
honour to deliver before that learned society. Those
lectures contain a tithe only of the things seen. 1 am
quite sure that our leading politicians can have no ade-
quate conception of the mental and physical condition of
the great industrial classes, or of the need that exists for
reconciling those classes to their fate. These truths are
plain.

The catechism has failed to satisfy them. Bad air
keeps up in them a depraved mental as well as physical
state. Their poverty and not their will consents to their
condition. In short, as a physician dealing with the
physiological and psychological phenomena belonging to
a class instead of an mdividual,—and this is all the differ-

ence there is between a politician and a physician,—my
diagnosis is that a serious organic state febrile, fitful,

fatal, exists in this part of the nation ; that it demands
the watchful consideration of all physicians. State and
ordinary

; and that the sooner the natural cure for it,

pure air, and plenty of it, is let in the better for every class
everywhere.

All political troubles have a physiological cause. To
the Statesman not less than to the physician, physiology
is the only true source of knowledge. A society such as
ours, therefore, possessing as.it does professed physiologi-

cal skill, may render most important service by tracing
out for the legislator the simplest scientific means for

removing with atmospheric impurities and by preparing for

that sanitary future when men universally shall breathe
purity even with their freedom.

If any other incentive to action in this direction were
required it would be the further fact that all diseases,

mental and physical, national and individual, begotten of
an impure atmosphere, are transmitted on. The con-
sumption of body, the restlessness of mind are reproduced
and gain intensity of development with each generation
until practically they inaugurate a distinct racial type of
human imperfectedness.

With this topic of legislating for pure air would come
in naturally the question of homes for the people and
the development of those recent acts which have been
passed to meet the necessity. These efforts of the world
political can scarcely be over-estimated ; but there is one
movement which stands before them and which has been
singularly overlooked. It is essential that the home of
the working man should in every case be cleared of the
details of daily work. So long as he is compelled to

work in the room in which he sleeps and takes his food,

so long his home must be an unhealthy centre, and too
often it will be the centre from which infected work
will pass out, bearing infection into the homes of the
wealthy. A modification of factory legislation by which
a free and properly regulated work-room should be within
the easy reach of every working man in every crowded
centre is a necessity which all sanitary labourers should
strive to get supplied. Our Institute has another urgent
task before it in the effort to enforce this necessity on
public attention.

In the future of sanitary science one more amongst many
other reforms of a political character must needs claim im-
portant consideration. 1 refer to the political assistance that

must be given to all of us who are engaged in the labour of
quenching the drunkenness of our land. Our best sani-

tary efforts will fall far short of their deserts until this

object shall be achieved. Over the future of sanitary

science will be suspended a pall of sorrow until this

object shall be achieved. Does any one desire to know
how the mortality of the kingdom is modified by strong
drink, let him read the knowledge in the State record
book which tells that those who sell the destroyer die by
it at the rate of one hundred and thirty-eight to the hun-
dred of the whole population. Then, starting from this

signal fact, let him trace the influence of the destroyer
through all the courses of diseases which, under learnedly
obscure names, spring from it and kill from it in all

classes of society. Finally, let him reckon up the here-

ditary evils which are engendered by the same destroyer
and the influence of that on the course of disease, and
his lesson will be in some measure complete.

I do not think this the occasion to discuss the value of
the different political sanitary measures that have been,
or are at this time, in the public mind for the repression
of the national evil now touched upon. Be it sufficient

for me to state two impressions only. Firstly, that every
day's experience of the question in various communities
where as a teacher of abstaining temperance I am wont
to labour, indicates tome that unless the State does come
to the aid of the teacher the battle against intemperance
must be indefinitely prolonged. Secondly, that it the
State, itsell doing nothing active in the way of repression,
would but determine to cease to legalise the cause of the
evil and to make revenue out of the transaction, the
labours of the temperance reformer would have the most
prosperous season of success presented to their view.
Hitherto this has not been considered as a sanitary ques-
tion. In the future no sanitary student will venture to

exclude it from his studies.

The contemplation of the political sanitary future of
this kingdom offers many other topics, all of which I must
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leave, in order to devote a few minutes to our subject in its

relation to medical science.

The Medical Part:

The influence which sanitation will exert in the future

over the science and ai t of medicine promises to be momen-
tous. It promises nothing less than the development of a

new era ; nor is it at all wide of the mark to say that

such new era has fairly commenced. The greatest of the

world's philosophers, the philosopher whose thoughts
cover the world of science as with a garment, I mean Lord
Bacon, said of the medicine, of his day, that it stood for

judgment on quite different merits than did other learned
pursuits. " Other arts and sciences," he argued, " are

judged of by the power and ability exhibited in the conduct
of them by their professors, and not by success or by events.

The lawyer is judged by the skill of his pleading, not by
the issue of the trial ; the pilot by his skill in directing

the course of the ship, not by the fortune of the voyage.
But the physician can perform no particular act by which
his ability can be directly demonstrated, and therefore he is

principally judged by the event, which is very unjust. For
who shall decide, if a patient die or recover, whether the
good or the evil is brought about by art or by
accident ? Whence," says he, " imposture is frequently
extolled, and virtue decried. Nay the weakness and
credulity of men is such, that they often prefer a mounte-
bank or a cunning woman to a learned physician. So
the ancients made Esculapius and Circe brother and
sister, and both children of Apollo. Hence," he adds,
•'physicians say to themselves in the words of Solomon,
' If it befall to me as befalleth fools, why should I labour
to become more wise?' And therefore one cannot
wonder that they commonly study some other art or

science more than their profession, because they find that

mediocrity and excellency in their own art makes no
difterence in profit or reputation ; for man's impatience
of diseases, the solicitude of friends, the sweetness of life,

and the inducements of hope, make them depend upon
physicians with all their defects."

Had Bacon spoken these sayings in the present day, he
had spoken, with one or two exceptional errors, as truth-

fully as he spoke in his own time. Had he been a
physician, he might indeed have gone further than he did.

He might have urged his too frequent inadequacy himself
to decide whether his own success rested, in particular

instances, on skill or on accident. He might further

have added how oftentimes the cheek of the right-minded
physician pales or burns with doubt as he hears his

own praises declared for skill which he himself cannot
for a moment take credit to his own heart. This has
been the fate of medicine until our day. On such fate

all the quackeries have flourished ; on it all the " pathies "

and dogmatic systems of medicine have flourished ; on
it the idea of cure has found too willing acceptance and
belief.

At last a change has come over the science of medi-
cine. With true nobleness of purpose, true medicine has
been the first to strip herself of all mere pretences to cure,

and has stood boldly forward to declare as a higher philo-

sophy the prevention of disease. The doctrine of abso-
lute faith in the principle of prevention indicates the
existence of a high order of thought, of broad views on
life and health, of diseases and their external origins, of
death and its correct place in nature. The doctrine of
absolute faith in curative medicine, of power vested in the
hands of a distinct sect or class, and exercised by them
as by regal right and without the assistance or interfer-

ence of those upon whom it is exercised, indicates a low
standard of knowledge ; a too confiding spirit in the wis-

dom of a minority ; a departure too wide from the safe

law of self-preservation ; and an ignorance of the avoidable
causes of diseases ; a blindness and therefore an unneces-
sary exposure to danger ; an overweening and sudden fear

of dangers of all kinds little and great, and a hasty and
thoughtless pursuit after that mode of rescue from dangers
of disease which claims for itself the greatest pretensions
and boasts the greatest successes.

It shall remain as one of the glories of medicine that
she herself has first seen these truths, and, willing to
sacrifice her own interests to truth and light, has put them
forward without fear, without reward. In the science of

prevention medicine takes in fact all the world with her.

The science becomes a political, a social, as well as a
medical study. It appeals to every mind. When it once
is so set forth it fills all men with its teachings. It models
itself into household truths and commingles with the
moral and even religious elements of life. Admitted for

a season into the household, it steps forth again to find

its way into the legislature. It becomes eventually a
governing science—a law.

This scientific course commenced, must needs go on.

But in its going it must needs also change greatly the old
face of medicine, and remove in the change the Baconian
reproach. I do not think there is much difficulty in fore-

seeing what in the main the change will be like.

I need not say that the "pathies" will go. The
pathies of all kinds are as dead as door-nails, and
wait only to be decently interred in a common grave.
In time the word cure will go altogether. It is clear

already that there is indeed no such thing. A man
born to live through a given cycle lives through it

free of disease, unless he be stricken from with-

out. If he be stricken, and by the stroke the natural
functions, by the exercise of which he lives, are not so
disturbed but that they can swing back again in due
order, he may recover ; if he be stricken beyond this, he
will die. Nature will pursue her course undisturbed by
either event. She will make no special effort to kill, and
assuredly she will put out no special hand to save. A
man may intervene, and may, by knowledge, put the

stricken body into such a condition that it may swing
back into natural course whereby he will have put it

into a condition in which it will not die. This is the very
highest development of medical art resting on science.

But it is not cure, in the common meaning of that term.
By the progress of sanitary science and by its influence

on practical medicine we shall attain these perfect rules

of management after the infliction of the stroke of dis-

ease ; and I do not doubt that the art of placing the
stricken under such conditions that they may not die will

for ever afford scope for the inventive genius of man.
The more immediate triumphs will, however, come in that

part of the work which is purely preventive. Down from
the skies comes the forked lightning and lays a man
prostrate. It is a question for the ages who shall place

that man in a condition under which he shall certainly swing
back again into life. But the preventive art that puts up a
metallic rod to divert the lightning from other men, that

is the present triumph of human skill ; skill which, car-

ried to perfection, shall prevent the stroke and put out
the second art by removing the necessity for its applica-

tion.

With the progress of sanitary science we must expect
to see preventive medicine taking the ascendancy. Cure
will cease, prevention will grow. Humanly-made epi-

demics, like the great plague of London, which was
planted and reared in the rush-covered floors of domi-
ciles saturated with the organic refuse of years, or like

the modern typhoid, which is fed by streams of drinking
water uncleansed from human excreta, such self-made
epidemics will be prevented by simple mechanical skill.

Diseases imposed by indulgence in harmful pleasures and
appetites, or by physical overwork and shock, will be re-

moved by the effect of moral influences and knowledge
of cause ; and gradually, I beheve, those persistent evils,

which, like the lightning-stroke, come without human
ordinance or fault, will be placed also under some pro-
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tecting care, and, if not removed, reduced to a short

calendar.

It is felt by some that the medical Sanitarian of the

future will have his best efforts thwarted by the forcible

excess of life beyond the means that can be found for the

support of life, as if life were a mere secondary principle

in the universal order. I see no such cause for fear. That
in the progress of life on the earth the day will ever come
when the earth will not supply food for its people is to

my mind pessimism carried into an insane vulgarity. It is

clear that man can always reduce to his wants the lives

of all animals except man. The question rests therefore

on the abnormal increase of man alone. Nature knows
that and rules accordinf.ly. Let man remain savage, and,

however sensual he may be, he will die fast enough by
war, plague, famine, or luxury. In that state he will never

overstock the earth, but either grope in solitary places a
neglected family, unprotected from all the killing vicissi-

tudes, or will sink into luxurious barbaric decadence.

Let man become exalted in life ; exalted by communion
with noble pursuits ; with pursuits of science, art, letters,

and cultivation of greatest happiness for the greatest

number, and his sensual life will become too subject to

the virtue to leave a chance for the danger which a low
sensuality sets up as a terror and at the same lime a
temptation for the vulgar.

I think it my duty to deal plainly with a question which
affects so closely the future of sanitation, and to express,

from an experience which is confirmed, as I know, by
some of the brightest ornaments of my learned profession,

that nothing is wanted to correct the danger of over-

population but improvement of mental process ; nearer

communion with the eternal mind in His works
;
purer

artistic education, healthier homes, more rational amuse-
ments, and the ennoblinginfluenceof a holier life amongst
those who assume to be the cynosures of the nation.

On the whole the prospects of medical learning and ac-

tion will be greatly improved by sanitary advancement. It

is possible that fortunes or reputations resting on faith in

famous curers will dwindle slowly away, and that not for

long will the skill of the physician be valued by the fal-

lacious reckoning of mere results. But in exchange there

will be opened to the pkhysician a career in which skill

of labour will be e.xhibited together with results, the results

obvious as to their relation to the work, and both, if good,
successful beyond praise.

The Social Part.

The future of sanitary science in relation to social hfe
generally, its effect that is to say on all classes of the
community, promises steady progress. No one who has
been actively engaged for the past quarter of a century in

sanitary work can doubt this statement. Throughout all

sections of the community there is desire to know ; and if

the legislator will be content not to legislate until he sees
that free-will guided by knowledge is in the same train

with him— it doesn't matter in which class,—all will go
well. The workers in our Sanitary Institute though they
be not legislators can, nevertheless, greatly assist Par-
liament by bringing free-will into harmony with know-
ledge, and though the distinction does not at first sight
stand out, in separating free-will from ignorance and from
those automatic demonstrations of ignorance which are
the outward and visible signs of unhealthy habits of life.

The social work that has to be carried out for the future
of sanitary science is purely educational. Educational not
merely by lectures and books and lessons from books,
but by demonstrations of sanitary works, plans, buildings,
mechanisms, results of all labours bestowed on the cause.
Without venturing on details of this kind which would
land me in another address, I may be content to touch on
two points, both of vital moment for the future.

The first of these relates to modes of teaching so

as to carry the sympathies of the learner and his more
refined tastes along with his reason ; to attract and charm
his senses as well as his intellect. It is said of us sani-

tarians, and sometimes I fear with some truth, that

we would make health hideous. We need not do so
;

and if the feat has ever been accomplished it is but the
work of a " 'prentice han," that ought to be forgiven.

Health truly is beauty in the living evidences of it, and
should be so in those inanimate evidences which the

builder and the engineer construct for us. I would there-

fore urge that in all coming sanitary work, theoretical or

practical, the sanitarian should call the artist also to his

side, and that no design of a sanitary kind should ever be
executed in which the hand of the artist does not play its

beautifying part.

And if I might suggest so much to the imaginative
scholars who live to make life sweeter to the many, I

would ask them,—poets, painters, sculptors, players,

musicians,—to believe that to render practical even their

refined labour is to render that labour more acceptable,

more diffusible, more durable.

The second topic relates to those who require first to

be taught the sanitary lessons of the future. I want
strongly to enforce that it is the section of the nation
which Dr. Farr classes as the dom.estic, the six million

of women of the nation, on whom full sanitary light re-

quires first to fall. Health in the home is health every-

where. Elsewhere it has no abiding place.

I have been brought indeed by experience to the conclu-
sion that thewholefuture progress of the sanitary movement
rests for permanent and executive support on the women of
the country. When as a physician I enter a house where
there is a contagious disease, I am, of course, primarily

impressed by the type of the disease and the age, strength,

and condition of the sick person. From the observations
made on these points I form a judgment of the possible

course and termination of the disease, and at one time I

should have thought such obser-ations sufficient. Now
I know them to be but partly sufficient. A glance at the

appointments, and arrangements, and managements of
the house is now necessary to make perfect the judgment.
By this is shown what aid the physician may expect in

keeping the sick in a condition most favourable for escape
from death ; and by this is also shown what are the chances
that the affection will be confined to one sufferer or distri-

buted to many. As a rule to which there are the rarest excep-
tions, the character of the judgment is hereupon depen-
dent on the character of the presiding genius of the home,
—on the woman who rules over that small domain. The
men of the house come and go ; know little of the ins and
outs of anything domestic ; are guided by what they are

told, and are practically of no assistance whatever. The
women are conversant with every nook of the dwelling,

from basement to roof, and on their knowledge, wisdom,
patience, and skill, the physician rests his hopes. How
important, then, how vital that they shall learn as a part

of their earliest duties, the choicest sanitary code. How
correct the decision of the founders of the Sanitary Insti-

tute, that from the first they should include sanitarians of
both sexes as working associates.

To women more than to men this work is new. To
women more than to men this work is hard to realise. Natu-
rally more conservative than men they are moved with less

haste to tasks of reformation and reconstruction. More
sensitive to criticism than men, they are given, at first, to

resent, as if it were an insult to past customs and usages
to which they are attached, the suggestion of innovation.

But these passing difficulties removed, there is in the

hearts of women such matchless generosity, such over-

powering love for every device tending to promote the
happiness of all things of life, that we sanitarians may
indeed be content for the future of sanitary science in its

social aspects, if we do no more than win them to our
cause and entrust its details to their ministering spell.
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PERU^

STUDYING in Mr. Squier's new work the records and
luins which attest the civilisation of Peru before the

Spanish Conquest, one finds oneself repeating the often-

asked question, Did these advanced arts and institutions

arise out of native savagery, or were
they at least developed under the guid-

ance of ideas imported from the Old
World ? Mr. Squier holds that they

|

were indigenous, and his opinion (which
is that also of Mr. Markham) must have
great weight, not only from the minute
care with which he has examined the
ruins during his two years' exp'oration,

but from his familiarity with the Spanish
literature on the subject. Some readers,

however, like the present reviewer, while

admitting that much of the Peruvian
culture has such a stamp of pe;uliarity

that it must be home-made, may not
feel quite so certain of the whole being
absolutely free from foreign influence.

It is much to aflirm of a bronze age
people like the Peruvians (for particulars

and drawings of their somewhat special

types of bronze implements, see pp. 175,

579) that they invented this alloy inde-

pendently. For an e.xcellent case of
mingled native originality and similarity

to Old World types, attention may be
called to the stone-circles of Sillustani,

as exemplified by Fig. i, reproduced
from Mr. Squier (p. 3S4). He calls them
"sun-circles," which, however, is begging the question of

their as yet unproved purpose. At any rate there they

stand, circles of erect unhewn stones like the cromlechs
of Europe and Asia, but with a special feature in the sur-

rounding pavement or "platform" of well-fitted hewn
stones, with a gutter running all round the circle near the

inner edge.

On the hill above are seen the ruins of
chulpas or burial-towers. Fig. 2 shows two of
these, the left-hand one being a beautiful ex-

ample of building in close- titling blocks of
hewn-stone, an art which had attained in Old
Peru to a perfection hardly reached elsewhere
in the world. This tower is thirty-nine feet

high, and widens as it rises from sixteen fett

at the base to nineteen feet at the spring of

the dome top. In a still larger chulpa there r
are hewn trachyte blocks as large as twelve
feet long on the curve of the face, by seven
feet high, and five feet deep. The stones, fit-

ting together face to face without mortar, are

imbedded within in the mass of the structure,

which is of rough stones laid in clay. Extra-
ordin;iry skill in masons' work is shown by
these blocks being not only cut in the sides

and outside curvature to a radius from the

centre of the monument, but in the gradual
swell of the structure as it widens out, as well

as the curve of the dome, being accurately taken
in each block (p. 382). The blocks were not
shaped after being put in position, as is proved
by numbers of them lying on the ground, per-

fectly cut to conform to their places in towers that were
never finished, so that they were hewn to plans in which
every dimension of the structures had been previously
fi.xed. Yet with all this skill there was not the mechanical
knowledge to provide anything like pulleys or cranes to

hoist the heavy blocks into their places. The inclined

" Peru. Incidents of Travel and Exploration in the Land of the Incas."
By E. George Sqviier. (London: Macmillan, 1 877.

)

planes of earth and stones built up against the chulpas
still remain, up which the stones were moved, probably
with levers, and possibly with rollers also. Looking at

the woodcut, one sees a low opening cut through a block
at the base of the tower, just large enough to admit the
body of a man ; this leads into the circular burial

^, 1^

Fi.,. 1.—Sun-Urcle, Sillustani.

chaiTiber, vaulted with flat, over-lappirg stones. This
primitive arrangement of the " false arch," which reminds
one of those which children make with their bricks, is usual
in Peruvian as in Central American architecture. Yet, as if

to complicate the problem of architectural history in
Ameiica, there are exceptional cases where, as at Pachaca-
mac,truearchesofsun-t'riedbricksarestilltobeseen (p. 71).

(if the nioic usuil Pciuvian masonr), where the blocks,

accurately faced, are kept in position by their mere bear-

ing on one another, without cement or moitar of any
kind. Fig. 3 presents a specimen. It is interesting for other

reasons, being one of the Ynti-huatana, or "sun-) ears,"

by which the solar year was determined. The following pas-

sage from Garcilaso de la Vega's " Royal Commentaries
of the Yncas " seems to describe structures of this kind :

—
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" The Yncas were also acquainted with the equinoxes,

and observed them with great solemnity. ... To ascer-

tain the time of the equinox they had a stone column,

very richly carved, erected in the open spaces in front of

the temples of the sun. When the priests thought that

the equinox was approaching, they carefully watched the

shadow thrown by the pillar every day. The pillar was

erected in the centre of a large circle, occupying the

whole width of the courtyard. Across the circle a line

was drawn from east to west, and long experience had
shown them where the two points should be placed on the

circumference. They saw, by the shadow thrown by the

column in the direction of the line, that the time of the

equino.x was approaching ; and when the shadow was
exactly on the line from sunrise to sunset, and the light

of the sun bathed the whole circumference of the

Fig. 4.—Ancient Vases and Modern Peruvian Heads.

column at noon, without any shadow being thrown at
all, they knew that the equinox had arrived. Then they
adorned the pillar with all the flowers and sweet herbs
that could be gathered, and placed the chair of the sun
upon it, saying that on that day the sun with all its light
was seated upon the pillar" (Markham's translation,
published by the Hakluyt Society, vol. i. p. 179).

It is true that a " stone column very richly carved "

seems an inappropriate description of the plain truncated

conical gnomon shown in the drawing. It is, however,

as Mr. Squier says (p. 525), "sharply cut and perfectly

symmetrical.'' Can this be all that Garcilaso meant by
" columnas de piedra riquisimamente labradas " ? or were

others of these structures furnished with more ornament ?

Garcilaso also describes towers near Cuzco erected for

determining the solstices ; but Mr. Squier considers that

his account is confused, and that these

so-called towers were only Ynti-huatanas.

From this opinion Mr. Markham, writing

vn.\^^ Academy iox May ig, quite dissents,

and probably most readers who go through

the whole of Garcilaso's chapter will con-

sider that he had some idea of what he
was writing about, and will take it on his

(and other) evidence that the Peruvians
had, in fact, solstice-towers as well as

these equinox-cones. After all one must
admit, with Mr. Squier, that the Peruvians
had not advanced so far in astronomy
and computation of time as the Mexicans
and Central Americans.
No traveller before Mr. Squier had

thoroughly explored the great lake of
Titicaca with its sacred island, celebrated

in tradition as the place whence Manco
Capac and his sister-wife Mama Ocllo,

children of the Sun, and first of the Yncas,
came down to govern and civilise Peru. In

this cold desolate region, twelve to thirteen thousand feet

above the sea, ruins of palaces, convents, and the temples
of the Sun and Moon still remain to attest its sanctity

under the Ynca rule. Mr, Squier's estimate of the true

value to be placed on the traditions of the Yncas is

reasonable and moderate. To the warlike genius
which enabled them to subjugate the vast land, to

the political genius with which they organised the

system of communication and social control,

which is one of the most wonderful phenomena
in the history of nations, he does full justice

without countenancing the absurd idea that the

whole development of Peruvian culture is to be
attributed to this one conquering tribe. His re-

searches, indeed, bring out more clearly than ever

the distinctness of much of the native civilisation of

Peru from that of the Yncas, whose rule had not
been extended over the whole land till near the time
of the Spanish Conquest.
The ruins of the temple of Pachacamac, and

elsewhere near Lima, show us a people similar

in origin and language to the Yncas, but who
had their nationality and culture before the con-
quering tribe came down upon their coast from

»- the high valleys of the Andes. The Chimus of the

Truxillo district spoke a language still known in some
villages, and said to be quite distinct from the Ouichua
of the Yncas. Yet these people had attamed to

peculiar skill in metal-work and pottery. Indeed
from this district come the well-known Peruvian
vessels with double spouts or double bodies often

modelled in the form of an animal or a pair of
animals, and with a kind of whistle uttering the
creature's proper cry when the vessel is tilted so
that the water in it forces air in and out through
the hole. Not less curious are the well-modelled
head-vases, which (Fig. 4) give us the means of

comparing the features of the ancient and modern in-

habitants. With reference to this and other drawings
here reprinted from the hundreds contained in Mr.
Squier's volume, he may be congratulated on the
thoroughness with which he has enabled his readers to

understand the book which suggested his exploration—
Prescott's " History of Peru."

Edw.^RD B. Tylor



July 5, 1877] NATURE 193

THE METEOROLOGY OF THE FUTURE
A Vision

T^REELY tianslated from the Japanese by one who is
-•• thankful that he does not live in Japan. The trans-
lator would remark that in importing our Western insti-

tutions it is of great consequence to appropriate likewise
the spirit which pervades them. " Dead flies cause the
ointment of the apothecary to send forth a stinking
savour" (old Eastern proverb).

{N.B.— This translation is dedicated to the Council of the
Royal Society.)

A QUIET people are the dead,
What stillness do they keep !

The battle rageth overhead,
But marreth not their sleep.

And yet that this is sometimes broke
Hath been revealed to me ;

'Twas in eighteen hundred and eighty-one
At the bottom of the sea.

There lay poor Jack, his perils past,

No more to turn the quid,

Nor pipe his eye (since barnacles
Were feasting on the lid).

Long thin sea-ropes in tangled coils

Were round and round him curl'd,

Yea, scaly things above him swam,
Down in that green sea-world.

He could not weigh his anchor up.

He could not heave astern—

•

And thus in my bewildered ear

He spun his doleful yarn.

"'Twas not the storm that brought me here
" Jn Davy Jones's grip,
" But 'twas because my mates and me
" Sailed in a rotten ship."

I answered him : But knowst thou not
That Plimsoll's noble band
Board every ship, and punch its ribs

Before it leaves the land.

No rotten beam but would be seen
By such a skilled detector

—

The dead man groaned

—

" Alas ! dear mate,
" Theyjobbed the ship's inspector.

" Not two hours' sailingfrom the Nore '

" The wind began to veer,
" The storm was strong; the ship was weak,
" And we -were dtiven here."

Belay ! belay ! thou man of Death,
Thy yarn won't hold together,

Dost thou not know we have a board
That telegraphs the weather .'

A board that sits both night and day,
With facts and figures stored,

Why man alive !—The dead man groaned

—

" Alas they jobbed the board."

Why dost thou groan thou man of death .'

Why so blaspheme and cuss }

Their chairman sure was not the tmith
To forge thy fetters thus .''

His was a mind of many sides,

Well filled with i; and b,

And .V and y, and likewise z—
" B2it he didn't know the sea."

^ Of course this word does not occur in the original— only its Japanc
e uivalcnt.

As thus he spake I forthwith said-
Well, even if this be true,

The captain makes not all the ship.
Now, what about the crew ?

There's one I know—" Divine " doth best
Express his god-like presence

;

" He knew the sea but never dived
Beneath its phosphorescence."

Then, 1 replied, there was a third.

In fame to none will yield,

He led the band who reaped renown
On India's famine field.

Was he the man to see thee die .''

Thou wilt not tax him— come ?

The dead man groaned—" / met my death
Through a sun-spot Jiiaximum."

One more—the rover of the crew

—

Hath sailed o'er many seas
;

Come now, be reasonable, he

—

" Was busy shelli?!g peas."

I wakened up in sheer disgust.

And to myself I said,

The living man for prejudice
Is beaten by the dead.

THE SPECTRA OF CHEMICAL COMPOUNDS'^
T N this paper Mr. Moser discusses the question, whether
* chemical compounds have a spectrum of their own
or whether they only show the superposed spectra of
their elements. To those who have worked at the sub-
ject the question can hardly be called an open one.
Ever since the too much neglected work of Mitcherlich
it was proved that each compound has its own charac-
teristic spectrum, and whatever evidence subsequent
workers have added to the question, the merit of having
decided it belongs solely to Mitcherlich.

Nevertheless Mr. Moser's work is a valuable one and
for several reasons. Other questions still at issue are
intimately connected and cannot be discussed without
once more referring to Mitcherlich's work. Most of these
questions are not as yet amenable to strict proof but must
be decided by the common sense of those who work at

the subject. It is therefore of importance that as many
as possible should take up the question, and though each
worker may add little to the stock of knowledge, the con-
sensus of opinion, thus established, will advance the sub-
ject materially. It is a pleasure to find that Mr. Moser
has apparently arrived at the same theoretical views
which have formed the leading string during the last

years to the experimental work of Lockyer and others
in this country. Mr. Moser mentions the suggestion of
Prof Helmhohz that the line-spectra are due to the vibra-
tions of an atom while the band spectra are due to the more
complex molecule. This is precisely the view first put
forward by Lockyer, and it has thus received a striking
confirmation from an independent quarter.

Mr. Moser experiments on the changes which certain
absorption spectra undergo by a variation first of the
thickness of the absorbing layer, and secondly of the
temperature. With regard to the variation of thickness
of the absorbing layer the conclusions seem simple
enough. The bands get darker and wider. The influence
of temperature is divided into two parts. On the great
majority of bands the increase of temperature has appa-
rently the same effect as an increase of mass ; that is,

it increases the absorption.
It is more than probable that this increased absorption

is really due to an increase in the number of molecules
giving the absorption spectrum in question. If a gas is

" By James Moser (Pr'te- Ann., vol. clx., p. 177.)
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near the temperature at which it condenses, its molecules

as a rule aggregate before they finally pass into the liquid

state. Each molecular aggregation has its own spectrum,

and thus a change of temperature producing a difference in

the relative number of molecules in these different states

will increase the absorption of one spectrum, while it

weakens some other absorption spectrum. If the spectrum
which gets weaker lies in the invisible part, the only visible

effect of temperature is to increase the darkness of the

whole observed spectrum. In many cases, however, we
can follow out not only the increased absorption of one
spectrum, but at the same time the gradual breaking up
of another spectrum, and this affords a beautiful illustra-

tion of the gradual dissociation which we can now trace

step by step.

In order to make my meaning clearer I shall trace in

detail the effect of an mcrease of temperature on the ab-

sorption of sodium vapour. If we heat up sodium in an
iron tube we observe at first a continuous spectrum
stretching from the red and blue end of the spectrum
towards the green. If the mass of sodium vapour is suf-

ficiently great the two banks will join, and the whole
spectrum will be absorbed. If we now raise the tempera-

ture the light will force its way through the bank in the

green, and then, almost as suddenly as if a curtain was
withdrawn, the spectrum will open from the green towards

both sides. The continuous absorption now has entirely

disappeared, but a series of finely-shaded bands ate seen.

The D-line will soon make its appearance, and if we now
continue to increase the temperature it will increase in

darkness, and we shall soon arrive at a point where the

bands quickly fade away, and as we see them disappearing,

we see the whole absorption thrown into the Dline, which
gets thick and of an intense black colour.

No one who has ever actually observed this fact can
for a moment doubt that we have here to do with a real

breaking up of the band-molecule, as we may call it, into the

simpler molecular state in which it gives the line absorp-

tion. Similarly at lower temperatures the band-molecules
aggregate and give the continuous spectrum of which we
have spoken.

The three vapours which Mr. Moser has examined are :

Iodine, bromine, and the oxides of nitrogen. That the

darkening of the absorption bands of iodme is due to a

breaking up of a more comolex molecule is shown by the

fact, discovered by Lockyer, that there exists a molecule
of iodine which gives a continuous absorption, and which
is more complex than the bmd-niolecule. There can be
little doubt that this also is the explanation of the analo-

gous phenomenon in bromine vapour. The brown vapour
of the oxides of nitrogen are known to be a mixture, and
it is, t erefore, not surprising that the relative quantity of
the different oxides changes with the temperature.

It is, indeed, the second effect of temperature observed
by Mr. Moser, that some of the bands disappear as the

temperature is raised. There can be little doubt that in

the case of the oxides of nitrogen, the three disappearing
bands are due to a compound which is broken up as the
temperature is raised.

A curious alteration is noticed in the case of iodine and
bromine vapour. In each case one band was observed to

disappear and to be replaced by a number of fine equi-

distant lines. I noticed some time ago a similar re-

placement of a fluted band by a number of fine lines

approximately in the same place in the emission spectrum
of carbonic oxide. The change requires a more careful

study before any decided opinion can be given as to its

cause. Arthur Schuster

OUR ASTRONOMICAL COLUMN
The late Prof. Santini.— Giovanni Santini, Pro-

fessor of Astronomy and Director of the Observatory in

the University of Padua, whose decease has been an-

nounced in the daily journals during the last week, had
nearly completed his 91st year, having been born at Borgo
S. Sepolcro, in Tuscany, on the 30th of June, 17S6.
Educated at the University of Pisa, he applied liimself

especially to the study of the exact sciences, and in 1814
was appointed successor to Vincenzo Cheminello at the
Observatory of Padua. He subsequently became Rector
of the University and Director of Mathematical Studies,

to which position was attached the Professorship of
Astronomy.

Santini was the last of a phalanx of distinguished prac-
tical astronomers among whom were Argelander, Bessel,

Carlini, Encke, Miidler, Struve, and others, which will

long live in the annals of the science. The work with
which he has been more particularly associated and
brought into prominence in the astronomical world,
relates to the celebrated comet of Biela, the perturbations
of which body were calculated by him upon a uniform
system from 1826, when the comet's period of revolution
was first determined, to 1859, for which year he prepared
an ephemeris, though the track in the heavens was too
unfavourable to permit any hope of observations. San-
tini's memoirs on Biela's comet appear partly in AFcmorie
licit' L R. Istituto Veneto di Scienzc, Sr'c., earlier ones in

the Transactions of the Academies of Padua and Modena.
His colleague. Dr. Michez, took up his work for 1S59 and
continued the calculation of perturbations to 1866, in

which year the comet was sought in vain, and we have no
further computation of the effect of planetary attraction

upon its motion.

Amongst the other astronomical works of Prof. Santini
are several catalogues of stars in the neighbourhood of
the equator, or from declination -j- 10° to - 12', for the
epoch 1840, in which the differences from the positions in

Bessel's zones are exhibited. Also an investigation of the

mass of the planet Jupiter, from observations of the elonga-

tions of the fourth satellite, made at Padua in the first four

months of 1835, which gave a result confirming the value
deduced by Sir George Airy by similar observations at Cam-

bridge a short time previous, Airy's figure being
I048'69

and Santini's . He was the author of a valuable
1049-2

work for the student, " Eilementi di Astronomia," which
contains a great amount of information relating to the
practice of astronomy, that can hardly yet be said to have
become antiquated, though the second and last edition

appeared in 1830 ; the writer of these lines gladly ac-

knowledges his indebtedness to this work, when a student
of astronomical methods of observation and calculation,

some thirty years since. Santini was elected a corre-

spondent of the Institute of France (Academy of Sciences)
in 1845.

The Double-star 72 Ophiuchi.—The close com-
panion to this star was detected by M. Otto Struve, with

the Pulkowa 15-inch refractor, in 1842. In a note to his

catalogue of 1850, he remarks: "I have looked at this

star very frequently, and have noted it many times as a
single star. On three occasions, however, I have seen it

double, always very nearly in the same direction, and at a
distance of I '"5. I do not know how to explain these dis-

cordances, except by supposing that the light of the
satellite is very variable." In 1S47 the angle was mea-
sured i66"'3, and the distance i'"59. Dawes states he
had examined the star with different telescopes, including

Mr. Lassell's 20-feet reflector, but had never obtained a
glimpse of the companion. Secchi thought he saw it

double in July, 1S57, but placed small reliance upon the

observation ; in August, 1859, he obtained undoubted
evidence of duplicity ; the angle was 3'75, and the

distance o"'6o4 for 1859-61, magnitudes 4 and 7 ; he
remarks on this occasion :

" E certamente doppia, e ben
separata." The suspicion of the discoverer is, therefore.
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regain, actually lived on the plains under the Harz, Dr.

Nehring has proved satisfactorily by his own researches.

It follows that this country must have formed a steppe

during a certain portion of the Diluvial period.

If the above conclusions are right it follows that in a

former epoch those parts of Central Europe which were
formerly covered by the sea generally became steppes

before coming into their present condition. Perhaps the

Magdeburg-Halberstadt steppe extended southwards over

Aschersleben and Halle into the valley of the White
Elster, for Prof. Liebe has found, near Gera, fossil re-

mains of several specimens of the large Jerboa, as also

of the Souslik and other animals which have been ob-

tained at Westeregeln. Besides, remains of the same
animals, as well as those of the Saiga antelope and wild

ass, have been found at several other points to the west.

It follows, therefore, that the steppe must have extended
considerably in that direction.

The result of these investigations is the more important

as manifest traces seem to show that at the Steppe period

man had already occupied the plains of middle Europe,

and occasionally took up his abode even on the ancient

steppe of Westeregeln.
The cause of the disappearance of the ancient steppes

of Central Europe Dr. Nehring supposes to have been
the gradual increase of the forests which advanced along

with the change of climate. In the Steppe period England
and Scandinavia were still joined to the continent of

Europe, the North Sea and the East Sea did not exist in

their present extent, the Gulf Stream had a more northern

direction, and the climate was drier and more severe

than it now is. As the climate softened and the forests

advanced from the wooded hills, the steppe animals

gradually withdrew themselves towards the east, and dis-

appeared, leaving only fossil remains to attest their former

abundance.

THE COLORADO BEETLE
WE have already several times referred to this destruc-

tive insect, and now that it has reached Europe
we give an illustration of the creature in its various con-

ditions, along with some notes which have been forwarded

to us by Mr. Andrew Murray. The Board of Trade
have reissued the circular, with a coloured illustration,

referred to in our article on Our Insect Foes, vol. xv.,

p. 85.

The Colorado beetle belongs to that subdivision of

vegetable-feeding species known as Phytophaga. It may
help the general reader to an appreciation of their place and
character if we mention the Turnip flea as a British species

of this section, and stiU nearer to it those brilliant green

little gems that are to be seen in quantity on the leaves of

the white nettle {Laiiiiiim album) in summer, .nnd which
in Scotland bear the colloquial name of Virgin Maries,

an appellation, however, which is also there sometimes
indifferently given to the ladybird. The genus in this

great section to which these little insects equally with

the Colorado beetle belong is named Chrysomela. It is

true that its first describer, Say, named it Dorypliora

decciidincata, and that at first that designation acquired

such extensive currency that it was all but universally

adopted ; and many people from old habit or deference to

general usage, even when they know it to be an error, still

use it ; but all entomologists know that it is not a Dory-
phora, but a portion of the great genus Chrysomela, with-

out going into other details. Tne difference between
them can be very easily pointed out by one single

character. Doryphora is a massive Chrysomela with a
strong spike projecting forwards from the middle (the

mesosternum) of the under side, while Chrysomela has
no such spike. The former is a genus peculiar to the

South American region, including Central America, and
contains the largest, finest, and most beautiful species of

the family. Some of them are somewhat similarly

marked to the Colorado beetle, which no doubt led to

Say mistaking the genus. But although the Colorado
species and its allies are clearly enough Chrysomeke,
systematists in arranging that genus have broken it up
into several !sub-genera or new genera, and the latest

authority (Chapuis) has placed them in a genus named
Leptinotarsa, but at the same time indicates his opinion
that a further subdivision must take place, which will

leave the Colorado beetle and its relations in a subgenus by
themselves, as was long ago (183 7) proposed by M. Chevro-
lat, under the name of Polygramma. For the characters of

these subdivisions we refer to M. Chapuis's genera, and
for the specific characters of the species falfing under
Polygramma to Stahl's diagnosis and Mr. Riley's first

Larva of Colorado Beetle : natural
size.—Note. The double row of
black spots along the abdomen is

not sufficiently distinct in this cut.

Missouri Report (1869). These are, first, the true Poly-

gramma {Decenilineaia, Say) that has occasioned all this

alarm, which is the most northerly species, its native

home being the eastern base of the Rocky Mountains and
the prairies extending eastward. Next a variety called

Multilineata by Walsh and Stahl, but which is not speci-

fically distinct. Then a good species, Polygramma
juncta, which ranges through the Confederate States of

North America, and is easily recognised by two of the

dorsal black lines uniting to make one thicker one.

Farther to the south, about Vera Cruz and Costa Rica,

&c., there is another species very like the Colorado
species, called Polygramma undecemlinea/a, Stahl, and
which is found in enormous numbers in these parts of

Mexico. Lastly Stahl records another, which we have not

seen, from Mexico, under the name of novemlincata.

All these feed on different plants, although probably
plants all belonging to the same order, the Solan aceae.

NOTES
The Society of Arts has awarded its Albert Medal " for dis-

tinguished merit in promoting Arts, Manufactures, or Commerce,

to Jean Bapliste Damas, member of the Institute of France, the

distinguished chemist, whose researches have exercised a very

material influence on the advancement of the Industrial Arts."

The Society's Medals for papers read during the session, have been

awarded to Prof. Biarff, M. A., for his paper on " The Treatment

of Iron for the Prevention of Corrosion ;
"

J. Meyerstein, for his

paper on " Stenochromy, a Novel Method of Printing in Co-

lours;" A. J. Ellis, F. R.S., for his paper on "The Measurement

and Settlement of Musical Pitch
;
" B. St. John Ackers, for his

paper entitled " Deaf not Dumb ;" Commander Cameron, R.N.,
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C.B., for his paper on "The Trade of Central Africa, Present

and Future ;" James Irvine, for his paper on " Our Commercial

Relations with West Africa, and their Effects on Civilisation ;

"

Sir Douglas Forsyth, C.B., K.C.S.I., for his paper on "The
Progress of Trade in Central Asia ; " W. Thomson, for his paper

on "The Sizing of Cotton Goods."

A CIRCULAR has been issued by Messrs. Rowe and Groser,

the hon. secretaries of the British Association Reception Com-
mittee at Plymouth, giving some interesting information about

that town. Appended to this is a useful table of the tourist

fares to Plymouth from some of the principal stations in the

kingdom. Besides Mr. Warington Smyth, Prof Odling and

Mr. Preece have been named as lecturers. One of the excur-

sions is likely to be to Exeter ; at least the inhabitants of that

interesting city are taking active steps to bring this about.

Those of the members who were at the Exeter meeting of 1S69

have no doubt many pleasant memories of the visit. The fine

museum, which was only completed in time for the reception of

the Association, is now filled and admirably arranged under

the guidance of Mr. W. S. M. D'Urban, F.L.S. The Dublin

people have already begun to prepare for the meeting in that

city in 187S. A meeting was held in the Mansion House the

other day, under the presidency of the Lord Mayor, when it

was announced that subscriptions had already been received to

defray expenses. Dr. Ball is one of the hon. secretaries.

At the conclusion of the last meeting of the Royal Astro-

nomical Society, as we stated last week, a special meeting

was held to consider a proposed alteration in the bye-laws.

The following is a short account of the business transacted :

—

Before the last election of ofScers of the Society (in Feb-

ruary) two or three of the fellows printed a balloting list

of their own, and having circulated it amongst the fellows with-

out any indication of its private origin, many of them used it as

a polling paper at the election, under the impression that it had

been issued by the Council. The election was also influenced in

another way by the putting up for secretary the name of a

fellow who had declined to serve. By these manoeuvres a

curious anomaly in the byelaws was made effective—so effective

indeed that one member was elected to the council by a few

votes, whilst another who had obtained a far larger number of

votes was ruled not elected. With the view of avoiding such

thwarting of the will of the society in future, the council ap-

pointed a committee to revise those of the bye-laws which bore

upon the subject. The present special meeting was called to

consider the proposed alterations, and they were now submitted

for approval or rejection. An amendment, however, which was

proposed by Lord Lindsay, the foreign secretary, was carried,

deferring their consideration until after the next election of

officers.

A VERY satisfactory Repor'. by the Savilian Professor of Astro-

nomy, Oxford, as Director of the University Observatory, has

been made to the Board of Visitors for the year between

June 1876 and June 1877. The instruments all seem to

have worked well except tlie sun spectroscope, which became

seriously deranged in the month of August last, and has not yet

been reinstated. 426 photographs of the moon (making alto-

gether, to this date, 652) have been taken with the De La Rue
reflector during the year ; of these by far the greater number
appear to be suitable for micrometric measurement. This will

be systematically applied so soon as the Observatory is in pos-

session of the costly micrometer now in process of construction

by Mr. Simms, and which is to be the gift of Dr. De La Rue to

the Observatory. Then will commence the difficult but in-

teresting research relative to the amount of the physical libration

of the moon. 259 complete measures of 117 double stars

have been taken during this year with the great equatorial.

A second set of observations of six of the satellites of

Saturn has been completed. These comprise thirty measures

of the co-ordinates of Titan, twenty of Rhea, fourteen of

lapelus, fourteen of Dione, twelve of Tethys, and two of

Enceladus. The'sun's chromosphere had been observed and
delineated on twenty-two days. Eight measures of the difference

of the R. A of Venus and h Geminorum, and seven of the differ-

ence of declination, were taken at the time of their conjunction.

Preparations are being made for observations of the planet Mars
at its approaching opposition, with a view to the determination

of solar parallax. For this purpose the director has devised a

new form of micrometer capable of measuring with the requi-

site exactness distances to the extent of forty minutes of arc.

If this instrument realises his expectations he thinks it may
supersede Bessel's heliometer. It may properly be called a

duplex heliometcr-eycpiece. The director suggests the advisability

of now printmg the Proceedings of the Observatory.

A STATUE has been erected at Nancy by public subscription,

to Mathieu de Dombosk, the creator of the Roville experimen-

tal farm, and one of the earliest scientific agriculturists of France.

He was born at Nancy on July 30, 1 777.

The Prussian Government has ordered Berlin to be con-

nected with Hamburg by a subterr.^nean telegraph, in order to

avoid perturbations during thunderstorms, which have been very

frequent this spring. Similar measures will be adopted for

other large towns in Germany.

M. Gauthier Villars has published in Paris a volume of

logarithms, containing tables for all numbers from o to

434,000,000,000 with twelve decimals, by M. Namur, secre-

tary of the Ecole Moyenne of Thuin-on-Sambre (Belgium).

This wonderful volume, selUng at three francs, has been printed

by order of the Royal Academy of Sciences of Belgium.

On Wednesday, June 27, the Harveian Oration at the Royal

College 01 Physicians was delivered by Dr. Sieveking. The

orator vindicated the claims of Harvey as the true discoverer

of the circulation of the blood, the merit of which had been last

year publicly ascribed by the Italians to their countryman

Andrea Cesalpino.

Lighting experiments with gramme machines are being tried

daily at the Palais de ITndustrie, in Paris. The area of the

building is 2| acres, the elevation of roof 95 feet. This immense

space has been lighted h giorno, with two electric lustres each

composed of six electric lamps. The motive power required is

fifty-horsepower, and the results are very satisfactory, although it

has not been stated whether they are superior to those of the Alli-

ance system, and Jabldchkoff electric candle. The Great Northern

Railway Company regularly use electric lamps for their luggage

room. The Paris-Lyons Railway is preparing an experiment for

the illumination of the whole of the large Paris s'ation. All

these experiments are conducted with the intention of testing

several electric systems, in order to obtain an immense lighting

power for the 1878 international exhibition.

Town Councils are seldom noted for either their intelligence

or their foresight. We are glad to find, however, there is at

le.ist one exception, in the Exeter Town Council, who have

decided to postpone the purchase of their town gas-works, "on
account of the success of the electric light, and the probability

of its superseding gas." This is creditable to^ the Exeter Coun-

cillors, who, we believe, have been the first public body in this

country to recognise the value of this latest application of electri-

city. We hope their expectations will be fulfilled.

A Roman correspondent of the Times, writing with reference

to the shower of sand which occurred at Rome on June 22, sends a

translation of the remarks of Father Joseph Lais, published in the

Voce della Veriia :
—"The rain of sand continued although to a

smaller extent, on the 23rd of June, on which day the heavens

were deeply overcast. The sand fell in small perfectly spherical

masses of about I-25,ooo'.h of an inch in diimtter, at a mnxi-
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mum. It would appear that vesicular vapour, by the action of

the wind, had cemented the grains of sand so as to form j:;lobulcs,

analogously to what we see on a larger scale in the formation of

hail. We are entitled to assert this, seeing the speedy disaggre-

gation of these globules into grains of sand, when brought into

contact with a Utile drop of water in the field of a microscope.

The fall on the 22nd was so abundant in Rome that from the

amount, 0^25 gramme, gathered on an earthenware disc of 30

centimetres in radius, we argue a fall of not less than eight

quintals per square kilometre." The correspondent himself

writes : "I am by no means satisfied that the rain was of sand

and water. The drops on my drawing paper were easily al>sorbed

by a pocket-handkerchief, and left no s.ain on the paper ; but my
drawing still bears many stains from drops which apparently I

had not touched. Since then I have washed the sky over with

them, and have afterwards sluiced the surface of the paper with

water from a sponge
;
yet there they remain. If sand they be,

that material appears to have a most unusually tenacious affinity

for the paper. If the drops were of sand and pure water I

should expect to find that as soon as the water had ev.iporated,

the sand would no longer adhere to the paper and that the spots

would no longer be on my drawing."

The Melhourne Argiis informs us that on May 11 the tide rose

from five to eight feet on the eastern coast of New Zealand, and

that at Sydney and Newcastle, on the New South Wales coast,

the tide also rose above its usual height, though in a less marked

degree. It will be noted that the great earthquake-wave which

did so rnuch damage to the coast towns of Peru occurred on

May 10, the time of propagation of the wave from Peru to New
Zealand being, however, n^it yet precisely stated.

SiGNOR Gessi, the celebrated African explorer, while pro-

ceeding to the Lake District, had all his scientific instruments

and baggage burnt.

Messrs. Macmillan and Co. have in the press, and will

shortly publish, a translation of Fleischer's Volumetric Analysis.

In this work the author's aim is to systematise the volumetric

processes. A general scheme of analysis without previous sepa-

ration of bases is also a feature of the work. The translation is

made by Mr. Pattison Muir of the Owens College. The trans-

lator has added a few notes and supplementary methods.

The latest news from Yeniseisk announces the passage through

this place of M M. Wiggins and Schwanenberg, on their way
towards the north. Capt. Wiggins goes towards his steamer,

which has wintered at Zureika, and after having taken on board

the tallow he proposes to export, he will return, viii ihe Kara
Sea to England. M. Schwanenberg proposes to undertake an

exploration of the graphite mines of the Yeniseisk district, and

to take a cargo of graphite to Europe. There is, however, little

hope that this latter project will be realised.

Wk are glad to learn from the Annual Report of llie New
Russ'an (Bessarabian) Society of Naturalists that this young
scientific body has displayed during the past year great activity.

The following are the more important piapers published by the

society :—On the family of ephemerides from the stand-point of

the Darwinian theory, and on the metamorphoses of axototls, by
Prof. Mechnikoff ; the theory of chlorophyll, by Prof. Wolkoff

;

the algolic fauna of the Black Sea, by M. Rishavy ; on the

laws of distribution of electricity on surfaces, by Prof. UmoflT.

The society has, moreover, carried on a considerable number of

scientific explorations in various parts of Russia, and has con-

tinued the publication of a cryptogamic herbarium of Russia.

The application ol new materials for paper stock which has

occupied so much attention of late seems to have attracted some
notice in the Philadelphia Exhibition last year. From Jamaica

bamboo was perhaps the most important paper-making plant

exhibited. Of the young bamboo stems, which ere the best for

the purpose, a very large supply, it is said, could be annually,

by systematic cuttings or croppings, furnished from plants

nourishing in the humid parts of the island. It feems that the

American paper manufacturers have also wished to make experi-

ments with bamboo with the view, if possible, of introducing

it into the American trade ; so that, owing to the proximity of

Jamaica to the United States, it is supposed that the supply of

bamboo may eventually form an article of trade between the two

countries.

The additions to the Zoological Society's Gardens during the

past week include two Pig-tailed Monkeys (Macacus nemi'slri-

nus) from Java, a Black Leopard (Fc'is pardiis) from India, two

Argus Pheasants {Argus giganttiis), a Vieillot's Pheasant (En-

plocamns vicillolli) from Malacca, presented by Sir Harry St.

George Ord, C.B. ; a North American Reintleer {KangiJVr

larandus) from Newfoundland, presented by Capt. Edmund
Fraser, 60th Royal Rifles ; a Javan Chevrotain

( Tragulus

Javankiis) from Java, presented by Mr. William Trent ; an

African Cobra (Naia haje) from the Cape of Good Hope, pre-

sented by Mr. Eustace Pillans ; a Hawk-headed Parrot (Derop-

tyiis accipitrinui) from Brazil, purchased ; ten Amherst Pheasants

{Thaumalea amhcrstuv), two Temminck's Tragopans {Cerrortiis

iemminckii), twenty Common Boas {Boa constrictor), born in the

Gardens.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Oxford.—The following gentlemen were, on Saturday, June
30, elected, after open competition, to demyships in Natural
Science at Magdalen College :—Mr. J. F. Heyes, of Liverpool
College; Mr. R. V. J.ackson, of CUfton College; Mr. G. A.
Buckniaster, of Christ's Hospital and St. George's Hospital,
London ; Proxime accessit, Mr. A. M. Jackson, Magdalen Col-
lege School, unattached student. These demyships are of the
value of 95/. per annum, and tenable for five years from the

date of election.

Bristol.—The first session of University College terminated
on the 30th ult. without any special ceremony of prize-day or
commemoration. The result of the work of this the first year
must be considered very satisfactory, for in spite of several serious

disadvantages, the lateness of the arrangements and appoint-
ments of last autumn, and the inconvenience of the crowded
temporary premises, upwards of four hundred students have been
enrolled. This number exceeds that of the first year of either

the Newcastle or Leeds Colleges of Science, or of the Owens
College. Lectures h.ive also been delivered at Stroud in connec-
tion with the clothworkers' industry in the departments of textile

fabrics and chemistry. Prof Rowley has also delivered a course
of lectures in literature at Bridgewater. Most of the courses of
instruction only extended until Easter, when several of the tem-
porary appointments expired. In consequence of this arrange-

ment the numbers attending the classes in the third term has not

been so great as in the preceding. The chemical laboratory has
been in full swing, and evening practical classes have been added
since Easter. The only reappointments hitherto concluded are

the professorships of chemistry and modern literature, the lec-

tureship in experimental physics, and the assistant lectureship in

chemistry. The other reappointments are held over until the

election of a principal, which will take place during the present
month. It is understood that there are sixty candidates for this

important post. No provision has yet been made for a lecture-

ship in engineering.

St. Andrews.—We understand that Prof. 'Fischer, the pre-

sent o;cupan'. of the chair of mathematics in the University of

St. Andrews, has made application to the University Court of

St. Andrews for leave to res gn his chair on a retiring allowance.

As the necefsary arrangements will most probably be completed
during the present summer vacation, a new appointment will

fall to be made before the opening of the session in the United
College in November next. The patronage of the chair belongs

to the Crown.
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Taunton College School—In reference to our article on
Taunton College School, Mr. C. P. Bahin, of Heaton Moor,
Stockport, writes that science was taught at that school before Mr.
Tuckwell's time. Mr. Bahin forwards us a prospectus of the

school for the year i860, and what position was allotted to science
at that time in the school may be inferred from the fact that
" Physical Science" comes in as the last subject in the General
Department after Fortification, that no mention is made of it in

the Classical Department, and that "Monthly Lectures on
General and Scientific Subjects are given during the winter
season ; and in summer, occasional excursions, with a view to

the practically illustrating the various branches of Natural History,

are taken in one of the weekly half-holidays." This is exactly the

state of things we have all along protested against, and which Mr.
Tuckwell has managed so successfully to remedy in the case of
the Taunton School.

SCIENTIFIC SERIALS
Rmle Istituto Lombardo di Scunze e Letttre. Rendiconti, vol.

X., fasc. ix. and x.—On the equation of the eikosahedron in the
resolution of equations of the fiftd degree, by M. Klein.— Further
notices and observations on the comets of 1877, by M. Schia-
parelli.—On the morphological nature of distigma, by M. Maggi.
—Case of fracture of the neck and diaphysis of the femur, by M.
Scarenzio.—The combustibihty of tobaccos, by M. Cantoni.

—

Stratigraphical observations on the Province of Pavia. by M.
Taramelli.—Experimental researches on heterogenesis, by MM.
Maggi and Cantoni.—On the relative length of the index and
ring finger cf the human hand, by M. Mantegazza.

Fasc. xi.—Contributions to the morphology of Amphizonella,
by M. Maggi.—On the Arachnlda of Greece, by M. Pavesi.—On
the tension of induced electricity, by M. Macaluso.—The albu-
minous matter of urine, by M. Pellogio.—On the relative and
specific weight of the cerebellum and the arch of the cranium, by
MM. Colombo and Pizzi.

SOCIETIES AND ACADEMIES
London

Chemical Society, June ai.—Dr. Gladstone in the chair.

The president announced the following grants from the Research
Fund of the Society : Dr. Wright, 50/. ; Mr. Neison, 25/. ; Mr.
C. Williams, 25/. ; Mr G. Harrow, \ol. The following papers

were read : On diamyl, by H. Grimshaw. This substance was
prepared by the action of sodium on amyl bromide. It boils at

l6o». A chloride and acetate were obtained and investigated.

By the action of caustic potash on the acetate, two alcohols were
formed boiling at 202'' and 212°. On oxidation acids were
formed.—On the action at a high temperature of certain volatile

metallic chlorides on certain hydrocarbons, by Watson Smith.
a. The authir investigates the action of antimony trichloride, and
tin tetrachloride on naphthalin, benzene, and toluene, when these

substances are severally passed in the state of vapour through
red hot tubes. Benzene and tin tetrachloride gave a very large

yield of diphenyl in one distillation. Toluene and antimony
trichloride gave oils boiling at 270 — 320°. Naphthalin and
antimony trichloride : 77 grm. of the former yielded 242 grm. of

yellow crystalline isodinaphthyl ; with tin tetrachloride, m addition

to a large yield of isodinaphthyl, a reddish oil, and a citron

yellowpowder were obtained, b. Isodinaphthyl sulpho-acids and
salts with certain other derivatives ; the a. and & sulpho-acids

were prepared, also an oxydinapthyl, a nitro-substitution pro-

duct, and a cyanogen derivative. ir.A newdinaphthyl. In the

purification of crude isodinaphthyl by petroleum spirit, a fine red

solution was obtained ; from this the author succeeded in separat-

ing thrte substances melting at 75°, 147^ and 253° ; the latter is

probably Lossen and Otto's polymeric dinaphthyl, the second

is an isomeric dinaphthyl already obtained by Lossen, the first is

a new isomeric dinaphthyl.—On the action of alkaline oxalates

on the earthy carbonates, and of solutions of alkaline carbonates

on the earthy oxalates, by Watson Smith. The author having
observed that when a solution of ammonium oxalate was brought
into contact with chalk or powdered marble, an ammoniac.d
odour at once became apparent, has carefully measured the extent

of this and similar reactions.—Note on thalhous platinocyanide,

by R.J. Friswelland A. J. Greenaway. In 1S71 oneof theauthors

stated that the above substance was colourless, but that a compound
of it with Ihallious carbonate crystallised in dark red needles

reflecting a green metallic lustre. Carstangen having confused the

two substances and stated that thallious platinocyanide crystallised

in blood red needles, the authors have re-investigated the question,

and fully confirmed the statements made in 1871.—On crystal-
lised barium silicate, by E. W. Prevost. Pisani having stated
that this substance crystallises in barium hydrate reagent bottles,

the author has examined similar crystals, and finds that they
consist of barium hydrate.—A note on anethol and its homo-
logues, by W. H. Perkin. Methylparoxyphenylacrylic acid,

when boiled in a bulb tube, furnishes a distillate, consisting of
an oil with the formula C<,Hj(,0, which on oxidation yields
apparently anisic acid. Methylparoxyphenylcrotonic acid yields

anethol, methylparoxyphenylangelic acid yields a similar sub-
s'ance.— Note on persulphocyanic acid, by R. W. Atkinson,
Japan. The author discusses the constitution of the above sub-
stance, and after investigating various silver and mercury com-
pounds, concludes that the formula proposed by Glutz is probably
correct.—On the oxidation products ol the aloins, by \ Tilden,
D Sc. Barbaloin and socaloin when oxidised by potassium
dichromate and sulphuric acid, yield a yellowish substance,

which the author proposes to call aloxanthin, having the formula

CjjHiqOc. This substance, when treated with fuming nitric

acid, yields a yellow nitro-acid, having the properties of aloetic

acid.

Geological Society, June 6.—Prof. P. Martin Duncan,
F.R. S., president, in the chair.—The Rev. Charles Leach,
William May, John W. Myer.', and John Fletcher Pagen, were
elected fellows of the Society. The following communications
were read : On the rank and affinities in the reptilian class of the
Mosasaitrid.c, Gervais, by Prof. R. Owen, C.B., F.R.S. The
author stated that while the Mosasaurians had been originally

re'erred to the Cetacea by Camper, then to Crocodilia by Faujas
de St. Fond, and to the Lacertilia by Cuvier, Prof. Cope had
recently thought he recognised in them Ophidian affinities,

spoken of them as "sea-serpents," and formed of them an order
called Pythonomorpha He then discussed in detail the various

characters presented by the remains of these animals. The dis-

tinctive characters did not appear to the author to be sufficient

for ordinal rank, and with P. Gervais he regarded the Mosa-
sauridje as a family of Lacertilia equivalent to the Iguanodontid^
and Megalosauridse in the order Dinosauria. The order Lacer-

tilia among reptiles, being equivalent to the order Carnivora or

Ferae among Mammal?, the Mosasauriaus would be the equi-

valents of the seals in the latter.—Note on the occurrence of the

remains of Hycenarclos in the red crag of Suffolk, by Prof.

William Henry Flower, F.R.S. The traces of llyisitarctos,

described by the author in this paper, consist of a right and a

left first upper molar, which were obtained from the Red Crag
of Waldringfield, and are so much alike, that but for the former
being rather more worn, they might have belonged to the same
animal. On comparison these teeth were found to show no
appreciable difference from the corresponding teeth of the

original specimen of HyuTitarclos sivalcnus from the Sewalik
Hills, and hence the author did not venture to regard them
as representing a species distinct from the Indian one.

—

On the remains of Hypsodoii, Port/tens, and Iclithyodectes from
Kritish cretaceous strata, with descriptions of new species, by E.

TuUey Newton, F.G.S., of H.M. Geological Survey.—On the

precarboniferous rocks of Charnwood Forest, Part I., by the

Rev. E. Hill, F.G.S., and the Rev. T. G. Bonney, F.G.S.
The authors described a mass of slates, grits, and volcanic

breccia?, accompanied by some knolls and dykes of syenite,

spread over a space of about fifty square miles. They showed
that the patches marked on the Survey Map as greenstone of

Bardon, Birchwood, and Buck Hill, except a very small portion

of the latter, are really altered rock ; that the syenite knoll of

B.iwdon Castle carries a mass of breccia in its centre; and that

the area of syenite in Bradgate House Woods must be enlarged.

.Several writers have noticed that part of the porphyritic region

of the north-west corner is altered rock. The authors showed
that there is in it no igneous rock at all, and that the same is

the case with every one of the smaller patches marked as

porphyry on the Survey Map. All are volcanic brecc as, ashes,

or agglomerates some of enormous size. The extent to which
volcanic materials enter into the rocks of the district is remark-
able. The authors endeavoured to correlate the stratified rocks,

and adduced evidence to prove that the pebble and ash-beds of

Forest Gate, the grit and pebble-beds of the Hanging Rocks,
the similar beds in the grounds of Mr. A. Ellis, at .Swithland,

and the quartzites of Bradgate Stable Quai'iy, Groby Pool, and
Steward's Hay Spring, form one horizon ; the slate breccias of

lUores Hill, Bradgate, Ulverscroft Mill, Markfield, Bardon, and
High Towers, a second ; the coarse ash-beds of Benscliff, Chitter-
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man Hill, Timberwood Hill, and the Monastery, a third ; and the

quartzose rocks of Charley Wood, Charley, the Old Reservoir,

and Blackbrook, a fourth. Hence they showed that the beds

are considerably dislocated near tlie syenites, which rernovesthe

main objection which previous writers have urged against tliese

being intrusive ; and they described the evidence they have

obtained as to this beinc; their real nature. This evidence in-

cluded the description of actual contacts of igneous and sedi-

mentary rock seen at two points in the wood south of Bradgate

House, and at a third in ISradgate Park. They propose, in a

continuation of the paper, to touch upon the faults, and to de-

scribe in greater detail the microscopic structure of the rocks.

Photographic Society, June 12.—J. Glaisher, F.R.S.,

president, in the chair.—A paper was lead jjy Mr. J. R. Sawyer

on the action of light, temperature, and atmosphere upon pig-

mented sensitive tissues ; showing that when once the action of

light had been set up upon the sensitive pigmented tissue (used

in carbon work) the same action was cniit'nnied in darkness and

exclusion from the atmosphere ; by this action an increased

power and facility of producing large numbers of the same sub-

ject was obtained ; as also the possibility of producing different

tones of coloured pigments, by this important discovery, which

the paper described.—A paper by Mr. Herbert B. Berkeley-

notes on the theory and practice of emulsion processes- -was

read, relating to the use of zinc Ijromide in emulsions.—Capt.

Abney, R.E., F.R.S., followed with a note giving the details

and results of his own investigations upon the same subject.

—

Mr. R. W. Thomas, F.C.S., read a note on the nitrate of silver

bath.
Vienna

Imperial Academy of Sciences, March 8.—On some

reactions of amido-acids : on the copper salts of leucin, tyro-

sin, asparagin acid, and glutamin acid, on the dissolving power

of amido-acids for cupric oxide in alkaline liquid, by M.
Hofmeister.—On a modification in the determination of vapour

densities, by MM. Goldschmidt and Ciamician.—Further ex-

periments on galvanic expansion, by M. Exner. The elon-

gations through the galvanic current were not markedly dif-

ferent from those which would arise from lieat developed by the

current ; the differences did not amount to three per cent, of the

whole expansion, and were partly positive, partly negative.

Hence the author pronounces against a galvanic expansion.—On
the teeth-apparatus in frogs and their larvce, by M. Wajgel.

—

Description of a steerable flying machine in form of an eagle, by

M. Grois.— The fossU bryozoa of the Austro- Hungarian miocene,

by M. Manzoni.—On cosmic vulcanisni, by M. Tschermak. He
thinks the hypothesis most applicable to it is that which explains

volcanic phenomena on the earth by gases and vapours, which

have been held absorbed in the supposed liquid interior, but

developed in the gradual solidification.— On point systems in

rational space curves of the fourth order, by M. Weyr.—On
polypes and jelly fishes of the Adriatic, by M. Claus.—On
Sagartia troglodytts Gosse, by M. v. lleider.—On diffusion of

gases through clay cells, by M. Fuluj. He finds, inter alia,

that water vapour diffuses more quickly than air (and here con-

tradicts Dufour's statement that dry air diffuses more quickly

than moist). Vapours iliffuse approximately in inverse ratio of

the fourth root of their densities.

Paris
Academy of Sciences, June 25.—M. Peligot in the chair.

—

The following papers were read :—On the heat liberated by

chemical combinations in the gaseous state ; anhydrous acid

and water, by M. Berthelot.—On the equivalent of organic

compounds, by M. Berthelot.— On a new anthophyllite of

Bamie, in Norway, by M. Des Cloizeaux. Anthophyllite (in

this specimen) presents new similarities to amphiboles ; like

them, it may contain a laige proportion of aluminium (twelveper

cent.) in varieties of homogeneous appearance, and it has a

marked tendency to pseudomorphism.—Reply to observa-

tions of M. Mouchez (continued), by M. Villarceau.—On an

apparatus called a central obturator-inflamer, capable of adapta-

tion to all cartridges, by M. Cosson. The inflamer is a cjlindro-

conical case forming an air-chamber, in which the priming

explodes; the gases are distributed by slits in the top of it. The
obturator is a convex sheet iron shield with seirated border, and

a central hole for the inllamer. The combin.ation is placed in

the socket of the cartridge, and the obturator then flattened,

so as to firmly and hermetically close the base. Among other

advantages, it is claimed to improve the range, increase the

penetration, diminish recoil, and preserve the [cartridge-sockets

intact.—H. M. Don Pedro d'Alcantara was elected foreign

associate in room of the late M. Ehrenberg. He obtained

thirty-nine votes, M. Van Beneden one.—On the state of the

vines of Mezel, near Clermont Ferrand, according to a report

of M. Truchot, by M. Aubergier.—Anthogenesis in subterra-

nean pucerons of the Graminea;, by M. Lichtenstein.—On a

means of avoiding the resonance of the seventh minor harmonic
of the fundamental in the series of grave cords of the piano,

by M. IJien. The damper (which is the cause) is allowed to

act in its ordinary place, but it moves, simultaneously, a lever

having at its upper end a second damper, which touches the

cord at a quarter of its length, and causes resonance of the

double octave, destroying completely that of the defective

triple minor seventh.—Historical remarks on the theory of

motion of one or several bodies, of constant or variable

forms, in an incompressible fluid, &c. (continued), by M.
Bjerknes.—New method of elimination of arbitrary func-

tions, by M. Minich.—On a solar spot observed during the

month of June, 1877, by M. Tacchini.—On the 3rd a small spot

(the only one) appeared in the east, and gradually enlarged to

40s., by the 7th continuing of this size (some small spots which
presently appeared with it ever changing) till it w.is near the

border on the 13th. On the 14th, when projection and photo-

graphy revealed hardly a trace of the group, the spectroscope

discovered very lively chromospheric flames ; higher up, several

oblique fragments, evidently from violent eruption, eruption

flames on the right, and lastly, a nebulous chromospheric mass,

well illuminated and slightly divergent. There was constant

commotion of matter. The case is cited as against M. Janssen's

view.—On a glass of phosphate of lime, by M. Sidot. It is per-

fectly transparent, very refringent, (index i '525), can be cut like

ordinary glass, is dissolved by oxides of cobalt and chromium, is

not attacked by cold acids, but is attacked by boiling acids and
by potash, is not attacked by hydrofluoric acid.—On the dis-

sociation of carburets by means of palladium wire, and on the

relation of these facts with actions of presence or catalytic phe-

nomena, by M. Coquillion. To analyse carburets with palladium

wire there must be enough oxygen to work complete combustion of

the constituent carbon and hydrogen.—On the determination of

potash, by M. Carnot.—On the nickelised iron of Santa Catha'

rina, in Brazil, by M, Guignet. The bed is now exhausted; it

is thought to have been a meteorite with weight not under 25,000
kilogs. (theOvifak block was 20,000 kilogs. , and so was that of

Durango, Mexico, found in 1805). The last portions had very

little nickel.—Description of several minerals, by M. Pisani,

—

Reply to objections raised by M. Naudin against the project of

an interior sea in Algeria, by M. Roudaire.—Investigation ol the

free acids of gastric juice, by M. Richet. Pure gastric juice con-

tains almost only mineral or similar acids ; oig.anic acids in-

crease when, left to itself, it ferments. Aliments increase by 20,

50, and even 70 percent., the acidity of liquids in the stomach.

The mineral acid continues predominant so long as there is no
putiefaction.—On lymph as an agent of propagation of vaccinal

infection, by M. Raynaud. The observations are somewhat dis-

cordant, but the virulence of lymph from a vaccinated region is

demonstrated.—On the pebbles of a hill near Vailly, in the

department of Aisne, by M. Robert.
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THE " INFLEXIBLE "

THE question which has been raised respecting the

stability of the Inflerihlc, important as it is with

reference to that ship, leads to very much wider and

more general considerations. It is already known that

the same principle, or want of principle, which has

brought doubt upon the one ship appears also in the

Ajax and the Agamemnon, and is to be repyroiuced in

the only ship of much size or importance which the

Government purpose commencing during the present

year. But even in this succession of large and costly

ships we see prabably but the beginning of a system

which, having thus received countenance and sanction in

the highest quarters in this country, may not improbably

become extended over the navies of the world. We
propose, therefore, to explain to our readers the nature

of the question itself and the manner in which it has

arisen.

And as an essential preliminary we will first explain what
is meant by the terms " stability" and " cur\e of stability."

For the purpose of this elementary explanation it will be
sufficient to take the case of a ship floating in still water.

In Fig. I, which represents the transverse section of a

ship taken through the centre of gravity, M represents

the metacentre, G the centre of gravity, and E the centre

of buoyancy, W L being the water-line when the ship is in

an upright position. Supposing the ship to be inclined

through an angle of 6 degrees from that position by an
external force, and Wji,; to become the new water-line

;

she will now tend to return to the upright position with a

righting force equal to her total weight or displacement,

acting with the leverage of g z, and therefore equal to

w X G z. This is obviously the case, because while the

ship is held in the inclined position her weight will be
acting downwards through G in the direction of G H,

which is perpendicular to the water's surface, w, Lj, and
her buoyancy, which may be supposed to act collectively

through its centre of buoyancy, Bj, will be pushing up-

wards through the line B, M, and therefore the righting

effect will be that of the two forces (weight and buoyancy,

which are alike) acting at the opposite ends of the lever,

G z, as previously stated. It is equally certain that in all

ordinary forms of ship G z will be changed in length as

the ship's angle of inclination is changed, and if we
calculate its lengths for a series of angles, and set up
the lengths so obtained as ordinates along a base line on
which abscissae are measured off to represent the angles

of inclination, we can draw a curve line through the

points so obtained, and thus form what is called a " curve

of stability." The first instance on record of this being

done for an actual ship or design is that given in a paper
" On the Stability of Monitors under Canvas," read in

1868 at the Institution of Naval Architects, and published

in their Transactions, and in several other places. After

stating the amount of stability which certain rigged

monitors would have under given conditions, and showing
that the maximum stability, and even the vanishing sta-

bility was reached in them at moderate angles of inclina-
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tion, Mr. Reed said :
" It must be obvious that the danger

to be apprehended by these monitors when under canvas
is very great ; and when we think that they are liable at

any moment to be overtaken by sudden gusts of wind,

and that if they are heeled over beyond 8 deg. or 10 deg.,

the further they go the less resistance they offer to being
capsised, their unfitness to carry sail must be quite

evident."

The curve of stability was next constructed in the case

of the Captain, immediately before her loss, and from a

report by Mr. Barnes, one of the present Admiralty

constructors, we take the following :

—" VVe assume that

the side plating on the poop and forecastle has been
so damaged that the ship may be considered a rigged

monitor with a free-board of about 6 fc. At that draught

(25 ft. and i- an inch) with an inclination of 14 deg., the

gunwale on the immersed side is level with the water, but

the stability of the ship notwithstanding goes on increas-

ing until an inclination of 21 deg. is reached. As Mr.
Reed has pointed out in his paper (quoted above) on
rigged monitors, with a pressure of canvas which would
incline the ship to say 8 deg , the inclination of the ship

to the surface of the wave may reach about 34 deg. (in

this case) before the ship would upset. As this angle is

large we do not consider that even with the sides of

the poop and forecastle destroyed, the Captain would be

unsafe."

The above cases are both those of rigged ships, which
the Inflexible can scarcely be considered, although it

must be acknowledged that, as designed, she carried a

considerable spread of canvas on two masts, and the pre-

sent proposals—which we understand have been made—
to diminish the spread of sail at all times, and to do away
with it altogether in war time, are no doubt consequences
of recent discoveries respecting the stability, or want of

stability, of the ship with the unarmoured ends badly

injured. After what has passed, however, we must accept

the Inflexible as a mastless ship in time of war, and there-

fore a ship which can do with less stability than rigged

ships require. In order to illustrate the nature and
character of these curves we copy, in Fig. 2, a figure

from Mr. Thearle's valuable work on " Theoretical Naval
Architecture," ' in which he has grouped half-a-dozen

curves which may be regarded as types of various kinds

of curves of statical stability which occur in practice,

viz. :

—

A. A lofty-sided troop-ship, carrying sail.

B. Do. Do.
C. A broadside iron-clad frigate. Do.
D. A turret-ship with high freeboard. Do.
E. A low freeboard iron-clad gun-vessel, not

carrying sa'l.

P. A breastwork monitor, Do.

To facilitate comparison, we have added to Fig. 2 dotted

lines showing the rtability of the Captain as ascertained

at the Admiralty just before her loss. The curve marked
a shows the stability when the ship is fully stored and
provisioned, and with the proper complement of coals on
board with the poop and forecastle water-tight and assist-

ing stability. The curve /' refers to the ship under the

same conditions, except that the poop and forecastle are

supposed to be so damaged as not to assist stability. It

will be observed that although Mr. Barnes considered
' Publish«3 by Collins, Sons, and Co., in the "Advanced Science Series."
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the ship safe even when she had only the stability shown

by b, the ship actually capsised when she had the lirger

amount shown by curve a, the two curves being the same

up to about 20 deg. of incliniition, but the latter showing

much greater stability both in amount and in range after

that amount of inclination was passed. Mr. Barnes no

doubt expected that the ship would never be pressed

under canvas enough to endanger her, but the event

E^. 1

showed that in matters of this kind the measure of safety

must be ample, and that we must not trust to the chapter

of accidents for the security of our men-of-war against

capsising.

We are now in a position to explain the case of the

Iii/iextble up to the piint at present attained in the dis-

cussion, but in order to understand it the reader must

take clearly into his mind certain differences between her

Typical Curve? of Slatic.il Stability,

Tiii.2

and all previous ships as regards the relations of the

armoured and unarmoured parts. In the case of the

Captain we had a ship with armour rising to a uniform

height of six feet above the water from stem to stern, and
above this armour at one end a forecastle and at the

other end a poop, both of these being of thin iron and

unarmoured. It was in view, no doubt, of these un-

armoured ends being liable to be so injured in action

as to contribute nothing to the ship's stability that the

Admiralty officers calculated and stated (as above quoted

from Mr. Barnes' report) the ship's stibility with the poop
and forecastle destroyed. But the reader shoald carefully

observe that as thes; unarmoured ends were wholly

situated in the Captain at a height of s'x feet abovi the

water, their destruction to any extent whatevir could not

affect the ship's stability at smiU angles of inclinition
;

and in point of fact by looking at the dotted

curves in Fig. 2 we see that the stability is

the same whether these ends exist intact or

not up to an angle of about 22 deg., for up

to that point the two curves are identical.

At that angle of inclination the poop and
forecastle enter the water, and the curve of

stability declines much more rapidly when
they are injuied than when they are unin-

jured. In the cases of the Devastation,

Tlmnderer, and some other ships, there was

a different arrangement, and one less favour-

able to stability, for in them the forecastle

(not the poop) was sunk, so to speak, down
into the armour, so as to reach to within a

foot or two of the water's surface. In such

cases, of course, the curve of stability, with

the unarmoured ends injured, begins to

decline earlier than if the forecastle stood wholly above

the armoured side as in the Captain's case ; but the

Devastation class are all unmasted ships, and therefore

subject to no pressure of canvas, so that much less

stability was required in them than in the Captain and

other rigged ships.

The Inflexible class of vessels differ from all the ships

previously named in a very marked manner, for in her

the ends are entirely unar-

moured (excepting as regards

a horizontal deck lying seven

feet below water), and while

the forecastle, and poop, where

it exists, in the other ships

named are comparatively

short, in her they occupy

two-thirds the length of the

ship—one-third at each end.

The central part of the ship,

one-third in length, is alone

armoured with side- armour,

and therefore in considering

the stability during an action,

we may suppose that two-

thirds of the ship's length,

viz., the two wholly unar-

moured ends, are destroyed,

destroyed that is in the sense
"^

in which Mr. Barnes obvi-

ously used the phrase in the case of the Captain; or, in

other words, so broken and damaged by shot or shell as to

let the sea flow freely in and out of them, and therefore to

possess no stability to help in keeping the ship upright. In

Figs.3 and 4 wc have, illustrated, the /«//,uv7V<- injured in

this manner. One of the contentions of the Admiralty is

that these ends cannot be injured during an action to this

extent ; but whatever the Admirahy officers may now
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assert in this respect, it is clear that in the case of the

Captain, they thought this amount of injury possible, and

it is equally clear from the quotations given by Mr.

Goschen in Parliament, that they thought the same of the

Injlcxiblc, when they proposed that she should be built,

and thought this, notwithstanding the introduction of

certain cork-filled chambers and other sub-divisions upon

which they now seem disposed to rely for the ship's safety.

We may add that even during the present controversy,

Mr. Barnaby has published figures which assume the

total annihilation of the ends, and if they can be totally

annihilated it is clear they may be so far injured as to

lose all buoyancy and stability. We may confidently

assume, therefore, that the ends can be so far wounded

and damaged as to cease to help the ship's stability, and

therefore to leave her wholly dependent upon the citadel

for the power of keeping from capsizing. In Fig. 3

we have shown several large injuries, such as we may
assume modern shells are fully capable of inflicting,

merely to help the reader to get clear ideas on the

subject.

The question now at issue really is, therefore, what
amount of stability has the ship (by virtue of the citadel)

with the ends thus injured .' The Times and Mr. Reed say

that careful calculations which have been made show that

she has none, or next to none. Hitherto the Admiralty
have refrained from saying how much they claim for

her. They say that the Times and Mr. Reed are entirely

wrong in their calculations, and that the ship really has

abundant stability for all purposes of safety, and they

appeal to a model which is at the y\dmiralty to prove

this. Let us say at once no model can possibly prove

anything of the kind ; the model must be weighted and
arranged entirely to represent the results of calculations,

and it is these results which should be clearly, and fully,

and authoritatively stated. The Government have laid

certain papers on the table of the House of Commons,
but they are not yet published, and until they are in our

hands it is impossible to pursue the subject further. We
shall hereafter give due consideration to them. All that

we can now say is that with the Captain case fresh in our

memory, in which the Admiralty office dangerously

£i<f. t.

overrated the safety of the ship in this very respect, and,

remembering as we do that for a ship to be safe at sea,

she should have a very large margin of stability over

and above that which mere statical and smooth water

conditions point to, we shall not ourselves be satisfied

with less than the Committee on Designs laid down, viz.,

'• that the angle of vanishing stability should not be fixed

at less than 50 dcg." Nor shall we be content with this if

this range is obtained only in conjunction with a small

amount of stability from point to point. Mr. Reed has

pointed out, in his letters to the Times, the great danger

of considering range only, and has attacked the dictum

of the Committee on this ground. Dr. WooUey, one of

ts scientific members, has replied, admitting the accuracy

of Mr. Reed's view, but explaining that the truth he

enunciates is so elementaryand obvious that the Committee
thought it unnecessary to mention it, and would indeed

have considered it " impertinent " (in the proper sense of

the word) to state it. It is difficult to take this view of

the matter, however, when we remember that the highest

rientific officer of the Admiralty, in a matter affecting the

safety of four of H.M. ships of the largest and newest

type, has seized this dictum of the Committee as a

sufficient and satisfactory guarantee of their security.

We fear we must conclude that the Committee either

neglected a very serious element in the calculations, or

else greatly overrated the skill and discernment with

which their words would be interpreted.

THE DEVELOPMENT OF THE OVUM^
Biitschli on the Earliest Developmental Processes of the

Ovum, and on the Conjugation of Infusoria.

Studien iiber die ersten Entwicklungsvorgiinge der

Eizelle, die Zelltheilung und die Conjugation der Infu-

sorien. Von O. Biitschli. (Frankfurt, 1876.)

II.

COMING now to the large and important question of

the Conjugation ofJnfusotia, its nature and bearing

upon the life- history of the forms, we are bound to state

at once our conviction of the inefficiency of the observa-

Continued from p. i8o.
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tions recorded on account oftheir discontinuity. Nothing

but a close and continuous observation of the same

forms extending over an entire Ufe cycle, repeated again

and again, can lead to absolute results. Errors fatal to

the interests of truth inevitably arise, when minute

organic forms are studied, not by continuous watching,

but from inferences made from the phenomena manilest

at different periods, the intervals between which are

blank. Further, whilst the use of reagents on the dead

forms taken at various stages is of the utmost value, when

they are examined side by side with continuous observa-

tion on the living form, these may be not only not instruc-

tive but misleading when taken by themselves.

Butschli's observations are numerous and interesting,

but their value will be best estimated, by understanding

briefly the nature of the hypothesis they are declared by

their author to indicate. Put in its shortest form, it is

that conjugation amongst the Infusoria is simply a reju-

vi-ncsccHCC of the creatures which undergo it, enabling

them to become "the stem ancestors of a series of gene-

rations " which propagate by fission. As yet the process

of rejuvenescence has had, in biology, a limited applica-

tion, being noticed in the formation of the swarm-spores of

CEdogonium and other of the lowliest plants ; but its con-

nection with sexual reproduction is not clear, as no union

of different elements has been made out, and it is by no

means certain that the whole process of reproduction is

exhausted by it. When, however, it is combmed with

conjugation, as in the Bacillariace;e, it becomes plainer

;

although, so far as is known at present, it by no means

follows that the whole generative process in these forms

is known ; but it is to the Auxospores by which reju-

venescence is secured in these forms that Butschli appeals

for the support of his theory of infusorial conjugation.

Pfitzer and Schmitz have made what are at present the

most complete observations of the phenomena in question
;

from which we learn that the customary mode of reproduc-

tion is by fission, but at each repetition the individuals

dwindle in size,until they can apparently go no farther," then

the conjugation of two individuals takes place, the forma-

tion of auxospores being the result, that is to say rejuvenated

individuals ; and from these a new departure of fissiparous

generations takes place, well observed by Schmitz in

the case of cocconema cistiila. There is no coalescence ;

the frustules simply lay themselves parallel to one another,

they become surrounded by a common envelope of mucus ;

the protoplasm of the cells comes into contact, each

frustule grows larger and becomes an auxospore. What

the influence is which these frustules exert upon each

other is wholly unknown ; but that it has a real existence

is shown in the result ; each auxospore forming a stem

ancestor of a new series.

This is what Butschli extends to the infusoria, and

contrary to the interpretations of Balbiani, Stein, and

others, maintains that the act of conjugation so well

known amongst. the Paramecia, Vorticell^e, &c., is not a

precursor of sexual products, but simply a means by

I It is impossible not to notice hc.e the extremely interesting and cer.

tainly somewhat remarkable paper of Dr. Wallich m the February number

of the Monthly Microscopical Journal for 1877, " On the Relation between

the Development, Reproduction, and Markings of the Diatomacea: . for in

this p.per what is apparently the auxospore of PfiUer and Schmitz u called

the sporangialjrustule But this, instead of havmg dwindled in Size before

coniueati'in appears to have become enormous in proportion, and within this

the "new parents of the race arise," anJ from the conjugation of these the

new forms spring as daughter frustules.

which these forms, exhausted by continued fission, become

more highly vitalised and rejuvenated, and .again enter

upon the process of fissiparous multiplication, which

indeed becomes thus their only method of increase.

It should be noted that on the whole the facts adduced

by Balbiani and Stein are admitted, but they are sub-

mitted to a wholly different interpretation ; and it is

specially insisted on that the forms that go into the conju-

gation state are of a minimum size ; which fact Balbiani

explains as the result of a special development for sexual

purposes, but this is disallowed by Butschli, who insists

that it results from exhaustion of vitality at the terminus

of a series of fissiparous multiplications. Indeed these

weakened and minimised forms unite in conjugation

and are neither absorbed into each other nor produce

embryos, but increase in size and vitaHty, separate, and

commence again the fission by which alone increase is

effected.

The truth of this is insisted on as deriving strong sup-

port from some of the very remarkable external changes

which the author has seen certain of the Infusoria

undergo. In Euplotcs and Oxytric/itnecr a great part

of the ciliary system is said to perish towards the end

of conjugation ; and afterwards, when stparation takes

place, to be again renewed. In Colpidiuin colpoda the

entire mouth was lost in conjugation, but was renewed

again after separation. So in Bursaria iruncatella, the

conjugated animals, it is affirmed, lose entirely the com-

plex apparatus of the peristoma, which by a new growth

after conjugation is restored. So also there is declared

to be a complete rejuvenescence of the more important

internal parts. The " secondary nucleus" \a Slylonichia

niytiliis, and in BUpharisina lateritia and Colpidium col-

poda the old nucleus is said to be eliminated and a new

one formed. In others, part of the nucleus is thrown off,

and part renewed ; in others a new nucleus formed and

coalesced with the old one. From these and similar

observations it is inferred that the " essence of conjuga-

tion consists in the rejuvenescence of both the indivi-

duals ;" and that this is chiefly centred in the ''secondary

nucleus " which is declared to be of the utmost importance

in the life of the creature.

During the process of conjugation, also, the plasma-

contents of the individuals have been seen to interchange;

this especially in Oxytrichiitca; but also in other infusoria.

Against Balbiani's hypothesis—that the nucleus is the

ovarium and the nucleolus the testis, containing spermatic

elements— Butschli affirms that in P. amclia and P. col-

poda the supposed spermatic capsule in some cases

wholly disappeared without any following change in the

nucleus that could be discovered, and that consequently

it did not effect fertilisation. In short, he believes that

the observations he has made are quit; competent to

overturn the sexual hypothesis in these organisms, and to

establish that of rejuvenescence in its place.

That there is extreme ingenuity in this hypothesis we
readily admit ; that there is also the utmost conflict of

interpretation amongst the best observers of these orga-

nisms, we admit with equal readiness. But that the

author's observations give scientific sanction to his theory

on the one hand, or either explain away or harmonise the

I

labours of his predecessors or collaborateurs on the other,

we are fain to dispute. The exhaustive and continuous
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method of observation—following a single form through

all the phases of its life—has never been thoroughly

adopted ; and conflict of interpretation inevitably arises.

Biitschli has fallen into the same groove, and his results,

although valuable and full of suggestion, have no irre-

sistible meaning. They present points of new departure

for h; pothesis, and nothing more.

Nor can we be quite certain, from the evidence afforded,

of the correctness of the larger and more important of

the facts stated. We want, for example, more than a

mere statement that the " ciliary apparatus " and the im-

portant organs of the peristoma were actually destroyed by

conjugation. That they are suppressed—flattened—de-

ranged by prolonged contact, we have observed again

and again in several forms, especially Styloiiichia, Pustit-

lata, and Mytilus : but they rapidly regained their normal
condition, and certainly did not grow afresh by " reju-

\enescence " as in the cases stated by our author. And
this is certainly of moment. In some important sense

also this will apply to the nucleus and nucleolus themselves.

Doubtless the investigations of Biitschli on the metamor-

phoses of these bodies, especially the latter, in such forms

as P. bill sarin, aurelia,pitlri)ium, and others have a large

importance ; and if they should be confirmed by con-

tinuous observation on the living form, controlled by the

evidence of preparation"^, made at short intervals, under

the influence of acetic and osmic acids, and other reagents,

not onl) will Balbiani's hypothesis become modified, but

a sequence will bo • iven to the successive stages, often

now wanting, in tin.; observations of Biitschli himself It

is impossible not to be struck, for example, with the

minuteness of his observations, made on the nucleolus

changes in P. biirsaria ; but they are utterly incompetent

to accomplish his own purpose and establish his own idea.

He declares that both Balbiani and Stein utterly mistook

the destiny of the nucleus and nucleolus ; and quite re-

pudiates the changes said to come upon the nucleus

during conjugation. But to establish his own hypothesis

the whole process of morphological change in the nucleus

at least should have been followed, and not once but many
time?. Vet the very first complete change effected in this

organ could not be explained ; and after following it into

fission as the result of conjugation, he observed four

" nucleolus capsules " as the issue, in each param:ccium.

Two of these became light and clear ; the other two di-

minished in size, and became fibrous, but on the second

day they lost their fibres and became homogeneous and
dark ; and on the third day

—

vanished .' that is to say, by

the method pursued by the observer, they were lost, and
" no trace of them was to be four d." From this Biitschli

concludes that they were " cast out," and no further con-

cern in relation to them is evinced ! Vet it must be re-

membered that Balbiani describes a similar condition of

the same forms, and considers the granules germs or ova.

To deal thus lightly with the ejection of apparently or.

ganised bodies in a set of observations designed \.o prove

that what have been considered ovarian, or at least sexual

products, was erroneous, is certainly remarkable. Clearly

no result can be arrived at until the manner of the

vanishing of these bodies be understood ; and if they

were ejected, until their future destiny became known-
This is all the more imperative from the fact that after

the ejection of the " bodies," the paramscium resumes its

normal condition in size and appearance, although the

method by which this conclusion is reached is by saltative

inferences, and not by continuous proofs.

Again,—in B. biiisaria and a/ireiia, two " light bodies "

— definite products of the nucleolus—are repeatedly seen

in successive stages after conjugation, but having been
followed to a certain point we are told that " the further

destiny of these two light bodies escaped me ! " and yet it

is assumed that the life history of the creatures is known.
Again,—in these same forms the nucleus broke up into

a hundred spherules ; and yet cur author frankly declares
" 1 am not quite certain of the destiny of the . . . frag-

ments of the old nucleus !" This is the more important

since Schaafhausen affirms that he has seen P. aurelia

lay or deposit ova ;
" the organisms crammed full of egg-

spheres, surrounded with clear fluid, extrudes in an hour
several times one such egg."

Again,—in Colpidium colpoda, after conjugation, two
small light spheres appear, these the author "thinks
most probably " grow out of the nucleus capsules, while

the «/cr/t'«j- itself is cast outj Biitschli followed it " for

some time" and then it was lost, so he does not know its

final destiny ! Of what service can all the subsequent
transformations of the organism itself be when this ejected

organism is assumed to mean nothing.' In Blepliaiisma

Iiiterita a number of "' nucleolus- like bodies " were found

by '' squeezing and acetic acid," but their destiny was
never found ; while on the third day after conjugation
" the nucleus which had been present up to this time was
not to be found," and so the author meets the emergency
by supposing that it was " cast out," and of course had no
meaning in the history of the organism. So also in

Cliilodon cucidus, we are told that the " destiny of the

original nucleus remains undetermined." In the conju-

gation phenomena of Stylonichi mytilus there is an equal

or even more grave defect.

In precisely the same way in the attempt made by
Biitschli to establish the position he occupies that the

embryonal regions of Balbiani and others as existing in

these lowly forms are to be entirely explained by the pre-

sence of swarm spores of internal parasites, there is the

same want of perfect sequence, and the unscientific " no
doubt" which is made to supply the place of facts.

But our space is exhausted. We have not referred to

the above defects with any attempt to depreciate a valu-

able book. It is because it is strong enough in important

facts to be a help in the unravelling of biological diffi-

culties that we have not hesitated to point out the differ-

ence between the theories and the facts which it contains.

To have attempted exhaustive criticism of such a work
would have involved four or five times the space occupied

by this article ; but after a careful perusal and reperusal of

its contents, we are obliged to admit the ingenuity of the

author both in the work he has done and the method he
has employed for interpreting it. But it is to the former

that we attach by far the most importance ; for whilst

there are many missing links in evidence which make
conclusions from the whole unwise, there are facts given

us which nmst help future observers and land us nearer

to the desired truth.

It may be finally observed— i. That if the theory of

rejuvenescence, as put and insisted on by Biitschli, be

established for any one form, conjugation should have no



2o6 NATURE \7idy 12, 1877

other meaning or place in any part of its history than

rejuvenescence can explain. Now Styloiiichia pustulafa

is amongst the forms the author has seen to conjugate,

and as he believes, as a consequence, to become simply

more vital and larger for renewed fissipartition. But

Engelmann is undoubtedly right in his affirmation, that

there is a conjugate state in which these organisms do

not again separate, but the pair simply fuse together.

One of the writers of this paper has observed it repeatedly

under conditions which render error impossible ; this is

not the place to consider to what this fusion leads, but it

is important as a fact, inasmuch as it throws doubt upon

the completeness of the theory of rejuvenescence, even

supposing the facts given us by Biitschli led without

exception up to it. Biitschli even admits that this process

of fusion may happen, but he simply dismisses it as a

"very unusual one''—surely all the more important on

this account, inasmuch as we know that in more highly

organised creatures not only a long time, but generations

may intervene between distinct acts of fertilisation.

2. It does not follow that if rejuvenescence be rejected

to the extent and with the meaning BiitschU gives it, that

it must be rejected altogether. He gives us many remark-

able facts that deserve further experiment and research
;

and it may result, that what he calls rejuvenescence, is one

of the many modes by which rapidity of fissiparous multi-

plication is in some organisms aided, and the necessity

for the true act of fertilisation is made less frequent ; and

3. It is clear that there are points in the theory of

Balbiani which the facts given by Biitschli overturn
;

while there are others that certainly remain unshaken, if

they be not strengthened. But it is needful to remember
that if the facts given by Biitschli wholly invalidated

the interpretations of Balbiani the theory advanced by

Biitschli by no means follows as a consequence. In the

present state of this inquiry we must seek facts indus-

triously, and with persistent honesty, and be assured that

their accumulation will lead to important issues ; but we
shall do well to place theory, however fascinating, in an
extremely subordinate place.

W. H. Dallinger

J. Drysdale

VON RICHTHOFEN'S " CHINA "

China. Er^ebnisse ci^ener Reisen, mid darauf ge-

grilndeter Studien, Von Ferdinand Freiherrn von
Richthofen. Band I. (Berlin: D. Reimer, 1877.)

WE are glad to welcome the appearance of the first

volume of this long-promised work from the pen

of the well-known geologist and geographer. Baron v.

Richthofen. We content ourselves at present with a

general account of the work, hoping in an early number
to be able to examine it in detail. The author has en-

joyed rare facilities for the accumulation of material, and
has improved them so thoroughly that the published re-

sults of his researches will assume a leading position

among the late additions to scientific literature. In i860

he accompanied Count Eulenberg on his mission to

China and Japan for the purpose of closing commercial

treaties between these lands and the German states. On
the return of the expedition Baron v. Richthofen lingered

behind, attracted by the many unsolved problems of the

Celestial Empire. Up to 1872 he devoted himself to a
systematic, thorough investigation of the geography and
geology of China, traversing in the course of seven dif-

ferent journeys the whole eastern part of the empire from
Canton to Corea, and penetrating westward to the sources

of the Yang-tze-Kiang and the frontiers of Thibet. The
essential aims of the'traveller were to place on a scientific

basis the geography of the land, determining the hypso-

metric relations, and the laws governing the conformation

of the mountain-chains, to examine the general geological

structure, especially in its relations to the great basins of

Central Asia, and to study the laws of climatic changes.

Other scientific questions received a minor consideration,

and the intellectual life of the people was left entirely out of

view. The present volume forms little more than an in-

troduction to the elaboration of the immense number of

observations made during the long series of years, which
will form the body of the work. It is mainly occu-

pied with an extensive and complete description of the

growth of our knowledge with regard to China, forming

a valuable index to the literature on this country. No
small amount of space is devoted to the book, "Yii-

Kung," or imperial geography, forming the sixth in the

series of historical works attributed to Confucius, and
covering the period 2357-720 B C. The remaining por-

tion of the volume is occupied with the geographical

relations of China to Central Asia, and contains a

most important study of the loess regions of Northern

China. They are not only considered in their relations to

the saline steppes of Central Asia, but are compared with

all the great loess formations known, and supply the

basis for an interesting theory with regard to the forma-

tion in the one case of fertile valleys, as those of the Nile

and Mississippi, and in the other of sandy wastes.

Scarcely less valuable is the clear and distinct picture

afforded of the whole mountain system of this portion of

Asia. The author finds the laws governing the confor-

mations so simple, that less time was required to deter-

mine the system than would have been necessary for a

tenth of the area in Europe. In a closing chapter on the

problems of modern scientific geography, the author

sharply defines the province of his science, drawing clearly

the limits between it and political geography, ethno-

graphy, and kindred sciences. The method to be used in

the solution of these problems he defines as " the unin-

terrupted consideration of the causal, mutual relations

between the earth's surface from its various points of

view, terrestrial physics, and the atmosphere on the one

side, and between these elements and the organic world

in its broadest sense on the other side." Of the three

volumes yet to appear, one will be devoted to palreonto-

logy, in which the author will be assisted by Dr. Kayser,

Dr. Schwager, Prof Schenk, and other able geologists

The remaining two will contain the author's extended

researches into the coal-fields of China, regarded by him
as more valuable than the deposits in the United States of

America— the geological structure of the land, the climatic

phenomena, the population as affected by these two
agencies, the river svstem, means of transport by land

and water, chief productions, mercantile possibilities, &c.

A generous grant from the Emperor of Germany has per-

mitted the publication of the work in a most sumptuous
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style, and the introduction of numerous carefully executed

maps and illustrations wherever opportunity is offered by

the text.

LETTERS TO THE EDITOR
[T/if Editor does not hold himself responsible for opinions expressed

by his correspondents. Neither can he umiatake to return,

or to correspond tvith the writers of, rejected manuscripts.

No notice is taken of anonymous communuations.
The Editor urgently requests correspondents to keep their letters as

short as possible. The pressure on his space is so great that it

is impossible otherwise to ensure the appearance even of cotn-

munications containing interesting and novel facts.\

Soldiers' Rations

In your issue for June 28 (p. 158) Mr. H. Baden Pritchatd

states in his article on "Soldiers' Rations," "And yet, as we
have said, with this apparently liberal feeding, our men do not

receive so much actual nourishment, or nitrogenous matter, as

the German soldier."

My calculations, based on I'ror. Parkes' table of soldiers'

rations, and Prof. Frankland's experiments on food and urea,

give ihe following values of the several soldiers' rations :

—

Foot tODS.

1. English Mililary I'rison ... 4,509
2. English Soldier (Hun.c) ... ... ... 3,964
3. Prussian ,, (War) 3,8l2

4. French ,, (Ciiuiea) ... ... ... 3,683
5. French ,, (Home) ... 3.58o
6. French ,, (War) ... 3.S38
7. Austrian ,, (Hume) ... ... ... 3,242
8. Prussian ,, (on lie inarcli) ... ... 3,223

Mean 3.694

As the average daily external work of a man is 353' 7S^ foot

tons, the efficiency of man regarded as a heat engine is 9'6 per
cent, of the internal work.
An efficiency of 8 '2 per cent, can be obtained by engines

working at 40 lbs. pressure and steam cut off at half stroke ; so

that man regarded as a machine, does not occupy a very high
position. The explanation of this is, that man is not a machine

;

he is a machine tnaier. The mechanism of a cat or beetle is

vastly higher than that of man, and yet they are immeasurably
his inferiors. Saml. Haughton

Trinity College, Dublin, July 7

Printing and Calico Printing

In your article on the Caxton Exhibition last week, there is

the remark that the beauty of execution in the specimens pre-

served to us of the work of the earliest known printers suggests

a doubt whether the date of the actual invention must not be
pushed back farther than the accepted one. But does that

follow ? Is not the beauty of the first printing simply the beauty
of the wood engraving of the time? an ait which had attained

an exquisite perfection before its application to movable type.

That there should be doul.t and obscurity as to the date,

name, and claim of the first inventor can surprise no one who
will ask himself who, for instance, was the inventor of our

present mode of calico printing by roller ; and, if he cannot

answer, shall turn, as he has every right to do, to the current issue,

ninth edition, of the " Encyclop:edia Britannica " for the satis-

faction of his doubt. He wdl find there, in that long, elaborate,

and amply-illustrated article, not the bare mention of the name,
even (unless I have strangely missed what I expressly looked for)

of the otherwise remarkable man who conceived the idea,

mechanically wrought it out for his own immediate purpose, and
himself elaborated its application to the printing of calicoes

—

ievolulic>nisirg that important branch of our industry— all well

within the lifetime of men not half a century old among
us I The Rev. Itaac Taylor— turning a moment from his own
researches into the Etruscan mysteiy—should be able to tell u...

in what precise year it was, alter 1840, that his father, Isaac

Taylor, the author of the "Natural History of Enthusiasm,"
and a long series of subsequent works, sufficient alone for a

reputation of a high and lasting order—a teacher of teachers, the

' "Animal Mechanics," p. 62.

depth and extent of whose influence and the fulness of whose
intellectual stature have not yet been adequately recognised

—

engraved on the roller illustrations for his new translation of
Josephus, undertaken in connection with Dr. Traill. The death
of his fellow-worker cut short that enterprise, but a portion of
the work appeared ; and I myself, as a boy, was often in the
little private workshop at Stanford Rives while this idea was
struggling on the turning-lathe, through the patient genius of its

author, for mechanical existence. In 1S55 or 1S56 I found him
superintending its actual application to the printing of calicoes
at Manchester. The discovery received the immediate and
inevitable compliment of piracy, and brought to him and
his loss instead of gain. But that within five-and-twenty years
his very natne should seem to have wholly dropped away from
what was undoubtedly his own unaided invention, and one withal
of so much national importance, and in an age of Ume-hght
pubhcity like ours, is almost a curiosity of injustice, and throws,
as I have said, a flood of light on a crowd of similar miscarriages
in the indifferent past. As a hundred years hence this also may
be beyond remedy, kindly assist me to arrest a moment the
remorseless tooth of All-Father Time by the insertion of this

contemporary note. Hkni;y Cecil
Breigner, Bournemouth, July 9

Stamping out Noxious Insect Life

The subject of insect and germ life in its relation to
putrelaction and infectious disease is now assuming such import-
ance from the investigations and demonstrations of Dr. Tyndall,
Mr. Murray, and other scientific inquirers, that I Uiink you may
consider the following curious facts not imwurthy of space in

your journal.

I observe in a report of Dr. Tyudall's lectuie on Germs, in

Nature, he refers particularly to the varying tenacity of life

which germs under certain conditions exhibit, and which he
refers to the period of incubation or stage of development up to
the stale of emergence as complete organisms, when they are
readily destroyed. He says :

" We now turn to another aspect
of the question ; following the plain indications of the germ
theory of putrefaction, we sterilise in five minutes the very
infusions which, a moment ago, were described as resisting five

liours' boiUng. The germs are indurated and resistant, the adult
organisms which spring from them are plastic and sensitive in

the extreme. The gravest error ever committed by biological

writers on this question consists in the confounding of the germ
and its offspring. The active bacteria developed from those
obstinate germs are destroyed at a temperature of 140° Fahr.
Let us reflect upon these facts. For all known germs there
exists a period of incubation, during which they prepare them-
selves for emergence as the finished organisms, which have been
proved so sensitive to heat. If, during this period, and well
within it, the infusion be boiled for the fraction of a minute,
even before the boiling point is reached at all, the softened

germs which are then approaching their phase of final develop-
ment will be destroyed. Repeating the process of heating every
ten or twelve hours, each successive healing will destroy the

germs then softened, until after a sufficient number of heatings
the last living germ will disappear. If properly followed out the
method of sterilisation here described is infallible ; a temperature,
moreover, far below the boiling-point tufiices for sterilisalion."

Now as the laws of nature apply to all magnitudes alike,

whether it be a grain of sand or the planet Jupiter, to the
various stages of incubation of the germs of bacteria or of

noxious insect life, I think I may claim some credit for having
slumblid upon, and for having applied on a practical and large

scale, a system for eradicating insect life in animals based on
this law of varying tenacity of life in germs and insects. More
than two years ago I advocated this system, and in September
last issued a circular, in which I stated that "a short time after

clip-day I dipped, by immersion, the young lambs, and I

repeated the same before harvest ; at the same time I made a
long narrow pen alongside the stackyard fencing, into which I

crammed all my old sheep as close together as possible. I

then, with an ordinary watering-pan, wtitered them all over with
diluted fluid ; the latter operation was completed in half an hour,

and the cost in material was le«s than one halfpenny per head,
the proportions in both cases being i to 100. Now for results !

I lately minutely examined the whole of my sheep, for

the purpose of deciding if it was necessary to give them a final

diessing before October, and I can now frankly, and without
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hesitation, stale that in the whole flock, old and young, I could

not find a single living insect, or the germ of one."

In the month of March last, agreeably to my promipe, I issued

a faithful report of the results of this system of stamping out

insect life. The sheep cleansed on this principle were absolutely

clear of insect pests, whilst others not so treated were never free.

I shall send with pleasure this report to any of your readers who
may desire to have it.

I believe I may say there is exact analogy between this system

for extennin.iling insect life in animals and that adopted by Dr.

Tyndall to show that the eailiest eggs or gtrms of bacteria are

extremely obstinate to kill, whilst the more fully developed are

destroyed without difficulty, clearly showing that more than one
treatment is necessary for the complete destruction of germ life

as well as for a higher form of insect life, and that the same law
applies to both alike.

I am fully convinced of the possibility of stamping out noxious

insects that affect .sheep and other animals, and sincerely hope
Mr. Murray's suggestion at the Society of Arts of united action

to effect thispurposeunder the direction of science and experience

may be acted upon with little delay. W. Little
The Hall, Heckington, Lincolnshire

Complementary Colours

In Nature (vol. xvi. p. 150) you give a most interesting,

though very brief, account of Prof. Rood's researches on colour,

the result of which you sum up in these words :—

•

"The mixture with white is the same as if the colours were
moved towards the violet end of the spectrum."

I know of Prof. Rood's results only from your abstract, but

your summary is not a perfectly accurate account of the facts

which you state immediately before, unless the expression

"violet end" is to be used in a new sense, or, v,^hat would be
better, replaced by the expression, "violet ;^('/i>."

The following will be found a correct summary of Prof.

Rood's results :

—

Let the colours of the spectrum be arranged, not in a line but
in a circle, and the gap between red and violet be filled up with
purple. Each colour will then be opposite to its complementary
colour. Greenish yellow and violet, which are mutually com-
plementary, are the opposite pole.s, and the succession will be
as follows :

—

Greenish yellow.

Yellow. Yellowish green.

Orange. Green.

Vermilion. Cyanogen blue.

Purple. Cobalt blue.

Ultramarine.

Violet.

The addition of violet to any one of the colours except those at

the two poles will bring that colour nearer to the violet pole ;

the same addition to either of the polar colours will leave them
unchanged as to their position in the circle. The addition of
white will have the same effect.

As regards the effect ot the addition of violet, this is what we
might expect. Violet added to violet will only make violet.

Vii)let added in small quantities to greenish yellow, which is its

complementary, will only make it whiter without changing the
colour. Violet added to any other colour will bring it nearer to

violet. Vile might select any pair of complementaries as poles,

and obtain a parallel result. But what is new, and if confirmed,
most important, is that white has the same effect as violet. I

can sugiJest no explanation of this.

For the fact tliat every colour in the spectrum has its comple-
mentary, see Prof. Grassmann in the Philosophical Ma_^azhie of
April, 1854. Hispaper appears to be less known than it deserves.

The pairs of complementaiies according to him are as follows ;

—

Red.
Orange.
Yellow.

Yellowish green.

Green.

Bluish green.

Azure.

Indigo.

V'iolet.

Purple.
'

Most authorities say that purple is not to be found in the spec-
trum, but Grassman says that under favourable conditions of
light it may be. I think that in any observations on the subject

where great accuracy is desired, the use of sunlight is to some

extent mi'sleading, and that the true white is that of an incan-
descent solid or liquid at a very high temperature—that is to say
the electric light. The sun's light is such a light where it leaves
the body of the sun, but part of its rays are absorbed in the sun's

atmosphere, and the blue in greater proportion than the red and
yellow ; and a further loss of blue rays takes place in the earth's

atmosphere by scattering, forming the blue of the sky. The blue
light of the sky is taken out of the white light of the sun. For
these two reasons the sun's light at the surface of the earth is not
truly white but yellowish.

I can scarcely doubt that when the spectrum of the electric light

is carefully examined, it will be found to contain purple ; and
also that some simple mathematical relation will be discovered
between the wave-lengths of every colour and its comple-
mentary. JosEi'n John Murphy

Old Forge, Dunmurry, co. .\ntrim, Jane 24

Phyllotaxis

The theory which regards the alternate arrangement of leaves

as the normal mode receives some support from the arrangement
of the inflorescence of opposite leaved plants. In Lysimachia
nemorum the leaves are opposite, inflorescence indefinite,

solitary, and axillary, but it will be observed that the flowers

springing Irom the axils of opposite leaves are never both equally
developed at the same time, one will be fully expanded while the

other is yet in bud, or one will be found in seed and the other in

flower ; it will be further observed that the oldest or most fully

developed flower appears alternately on opposite sides of the

stem ; if all the leaves on this plant were separated by internodes,

the arrangement would be tetrastichous, but owing to the sup-

pression of the internodes between the first and second and the

third and fourth leaves, the arrangement becomes opposite. The
oldest of the two opposite flowers of each pair of leaves will be
found to spring from the axil of the first, third, and fifth leaf, and
plants with this alternate di-posilion of flowers may sometimes be
met with ; but usually a flower originates in the axil of each leaf,

and then the youngest or late-t flowers spring from the second
and fourth leaves of the verticil ; these latter may be looked upon
as originating from arrested branches. This view is supported by
the fact that plants may be sometimes found which, in place of

producing the late flowers in the axils of the third and fourth

leaves, produce branches from these points instead. In Cayyo-

phyllaccr the opposite sides of the cymose inflorescence never

exhibit an equal amount of development at the same time,

proving that one of the sides is older than the other, although,

owing to non-development of an intemode, it is at the same level.

A similar arrangement occurs in Labiate plants, but owing to

the crowded inflorescence, it is not so evident, but it is very

marked where branches spring from opposite leaves ; one is

generally two or three times as long as the other, and by tracing

the arrangement of these long branches along the stem, the

normal alternate arrangement may be determined. In Scrophit-

lariaetii^ where both opposite and alternate leaves are met with,

all the above-mentioned modifications may be seen. Veronica

ckama'dyys has opposite leaves, and when the axillary racemes
are opposite, one is invariably more developed than the other

;

this can be best seen by examining the inflorescence in the young
state, as the dissimilarity in size disappears in the pairs of old

racemes owing to the younger of the two continuing to grow
until it has acquired the size of the other ; sometimes this plant

may be met with bearing in the axil of one of its opposite leaves

a branch, and a raceme of flowers in the other, and in such

instances the branches and flowers are produced on alternate

sides ; in /'. officinalis this is the usual arrangement. The
suppression of the alternate nodes of an alternate-leaved plant

with axillary inflorescence would produce the arrangement seen

in Lysimachia, inasmuch as it would bring ^together flowers ot

different ages and in different stages of expansion ; but in this

instance all the flowers would belong to the same generation or

be the product of the same stem, wlrereas in Lysimachia the

earliest developed of each pair of opposite flowers alone belong

to the stem, while the later flower of each pair belong to another

generation, and spring from a branch originating in the axil of

the leaf opposite (owing to non-development of an internode) to

the early flower ; the branch, however, is generally arrested, and
the flower alone appears, although sometimes the branch is more
or less developed.

G. E. Massee
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GEOGRAPHICAL WORK IN RUSSIA DURING
1876'

THE most important journeys by Russian geographers
during 1876 were those of MM. Prshevalsky and

Potanin in Central Asia, of Dr. Mikluho-Maclay in Poly-

nesia, and the meteorological journey of M. VVojeikoff

round the world. We have from time to time given

notes of the progress made by M. Prshevalsky, and of

the journeys of Mikluho-Maclay.
M. Potanin left Bulun Tokhoi (NATURE, vol. xv., p.

461) on August 20, and after having followed the eastern

shore of the lake Ulungur, and crossed the deep and
rapid Black Irtysh at Durbeldjin, he reached the river

Kran, at Fulta, close by the Lamaite convent, Shara
Suma. The fertile valley of the Kran is the storehouse

for the Southern Altai region ; the Kirghises come here
to purchase grain from the eastern slopes of the Altai

and from the valley of Kobdo. The crossing of the

Altai by the Djamaty pass, at the sources of the Black
Irtysh, having been reported as very difficult, M. Potanin
crossed the ridge by a more southern pass, Urmogaity,
at the sources of the Kran river (9,coo feet above the

sea), and entered on a wide hilly plateau covered with

numerous lakes, and gently sloping to the east by a series

of terraces, divided by border ridges. The easternmost of

these ridges runs north and south, reaches 10,000 feet at

the Terekty-asoo pass, and separates the high terrace of

the Deloon river from the low tract on which the town
Kobdo is built. This place was reached by M. Potanin
on October 16. Rich collections of plants, insects, and
birds were made during the journey, as well as a survey
and a geological sketch of the route, together with deter-

minations of latitudes and barometrical measurements of
heights.

A most important work accomplished by the Russian
Geographical Society during 1875 and 1876 is the geo-
metrical levelling made along the Siberian highway, from
Ekaterinburg to Irkutsk, on a distance of 2,236 miles.

All meteorologists are well aware what a gap in our
knowledge as to the distribution of pressure of the air

upon the surfaces of large continents, arises from
a want of geodetically-measured heights of meteo-
rological stations. All attempts to trace isobars upon
the Asiatic continent (one of which was made in the

standard work of Mr. Buchan) have failed until now, the

heights of the meteorological stations at Omsk, Tonesk,
Krasnoyarsk, Irkutsk, and Nerchinsk having only now
been directly measured. The Geographical Society has
undertaken a geometrical levelling along the whole line,

Ekaterinburg to Irkutsk, which levelling will afterwards

be continued to Nerchinsk and Tashkend. This difficult

enterprise, carried on with all possible accuracy, is now
completed with full success, and the superintendent of the

levelling, M. Moshkoff, is now busily engaged in com-
puting the definitive results.

A yet more important undertaking, accomplished by the
Russian geodesists. Col, Sharnhorst and Capt. Kulberg,
during the years 1873-1876, is the precise determination
of longitudes, by means of telegraphic signals, carried out
along an arc of 103', between Moscow and Vladivostok,
on the Pacific. But this work is so important that we
hope to be able to give a special report upon it.

We may also mention the work of Capt. Onats^vich on
the shores of Russian Manchooria (Nature, vol. xv.

p. 417), and the important cartographical work of M.
Sidensner between the Obi and Jeniasei rivers.

Most valuable work was done also during 1876 by the
Siberian branch of the Geographical Society. The mea-
surements of depth of the Baikal were continued by MM.
Dybovsky and Godlevsky, and showed that the greatest

depth of the lake is to be found in its southern part and
close to its north-western shore. M. Grebnitsky explored
the region of the Southern Usuri and returned with valu-

' " Report of the Russian Geographical Society for 1876," by the secre
tary, V. 1. Srezneviky.

able geological and botanical collections. M. Chersky
explored the valley of the Irkut river and arrived at very
important results, the chief of which are :— (l) that this

valley is geologically a very old westerly extension of the
Baikal trough

; (2) that it contains immense glacial de-
posits ; and (3) that the outflows of basaltic lava in the
valley are, with one exception, pre-gLrcial. We notice
also the entomological excursions anti the exploration of
the Kasbek ( Devdorak) glacier, made by members of the
Caucasian branch of the Society.

Besides these explorations, the Society has also issued
some valuable publications. The most important of them
are— (l) the fourth volume of supplements to Ritter's
" Asia," being a description, by MM. Semenof and
Potanin, of the Altai and Sayan highlands, according to

works which appeared from 1S36 to 1872 ; the names of

the two authors sufficiently recommend the work ; and
(2) the second volume of M. Prshevalsky's "Travels in

Mongolia," which contains— the Climatology and Orni-
thology, by the traveller himself ; the Herpetology, by
Prof. Strauch ; and the Ichthyology, by Prof. Kessler.

The seventh volume of the Memoirs o^\.\\x. Society contains

the first part of the work of Prince Kropotkin, " On the

Glacial "Period in Finland and on the Bases of the Glacial

Theory," with numerous maps and engravings. The
Isvestia (Bulletin) of the Society contains, besides valu-

able small contributions, two very valuable maps of the

Hissar and Koolab beckdoms, by M. Mayeff, and of the
Lower Tunguska River, by M. Chekanofsky.
The scientific results of the expedition made to the

Amu-daria in 1875 and 1876, will appear very soon.
They contain the astronomical, magnetical, and me-
teorological observations made by M. Dorandt, and a
thorough and elaborate hydrographical description of

the Amu-daria, by M. Zulotf, with the collaboration of

Col. Makshdeff. The first of these works is already
printing, and contains abundance of most valuable me-
teorological data (pressure, temperature of air and of the
soil, evaporation, level of water, variations of magnetical
elements, &;c.). The Meteorological Committee of the

Society is engaged in preparing complete tables of the

amount of snow and rain during 1872- 1876, measured at

the numerous stations organised by the Society. Finally,

we can only mention some of the various works issued by
the Society in the departments of Ethnography, Statistics,

and Historical Geography ; as, for instance, those on the

trade in grain in Western Russia, by M. Rayevsky ; the
ethnographical description, with maps of South-Western
Russia, by M. Gildebrand ; the text to the ethnographical
map of Russia, published by M. Rittich, being now at

press ; and many other valuable works of less im-
portance.

A POCKET HAMMOCK
IN these days, when exploring tours and extended

scientific excursions are so universal, it is a great

advantage to be able to take up one's bed and walk, to be
in short entirely independent of sleeping accommodation.
Even in our own country it is often an advantage to the

working geologist, or botanist, or zoologist, to be inde-

pendent in this respect, and while it is sometimes no
great hardship to make one's bed on the heather or grass

under the lea of a broom-bush or dyke, still it is seldom
advisable to do so if it can be avoided. Many of our

readers will therefore be glad to know that Seydel and
Co. of Birmingham have devised a handy hammock,
which bears the name of the " Ashantee Hammock," front

its having been found of great service during the Ashantee
campaign. Sir Garnett Wolseley testifying strongly to its

manifold utility. It is made of light but strong netting,

and can be so folded up as to be slung over the shoulder

like a bag, or even carried in a fair-sized coat-pocket.

From the arrangement of the ropes, hooks, and screws, it

can be used under almost any circumstances, and, as we
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ourselves can testify, forms a thoroughly comfortable and
secure bed or lounge. Mr. Stanley, we believe, was so

favourably impressed with the hammock, that he has
taken a supply with him in his present exploration ; and
lor explorers iu tropical countries, we should think it would
prove useful in many ways, as it can not only be used as

a bed, but, mounted on a pole, as a travelling litter or

palanquin. For those of our readers engaged in explorations

of any kind, geological, geographical, botanical, zoological,

or even in doing an ordinary tour, in remote districts, we

NCING APPARATUS.

believe the hammock would be found of real service, as it

would make them quite independent of sleeping accommo-
dation, and would not increase the weight of their

impedimenta by very many ounces. An idea of its

construction and its adaptability to almost any cir-

cumstances may be obtained from the illustrations we
give. We can honestly recommend the hammock as
likely to answer all the purposes for which it has been
designed.

THE SANITARY INSTITUTE
n^HE lecture by Dr. Richardson, published in our issue
•*- of last week, has called public attention to the
Sanitary Institute of Great Britain, before which the
lecture was delivered. The Institute was founded in

July, 1876, at a public meeting held at St. James's Hall,
and presided over by his Grace the Duke of Northum-
berland. The Institute has for its work a wide range of
subjects. It has sprung, we may say, out of the necessi-

ties of the time, and in the first instance may be considered
as a nucleus round which will cluster the many men of
science who are now employed in carrying out the execu-
tive sanitary or health work of the kingdom. The various
medical officers of health, the certifying surgeons under
the Factory Acts, the engineers and sanitary surveyors of

|

different localities, the mayors of municipalities, and the I

chairmen and presidents of local boards, all of these must I

needs take an interest in and in time form the body cor-
porate of an institution framed for the purpose of becoming
as it were a voluntary health p.arliament. In addition to
these sections of the Institute there are many other sections I

of the community which will, we should think, earnestly
[

join in the work. For reasons plainly stated by Dr.
Richardson ladies are invited to take part in the proceed-

j

ings and to help forward sanitary progress. We feel

sure there will also be a large class of active men
!

unconnected professionally with sanitary work who will

be ambitious to take a part in the great practical scientific

labour of the time, the only labour we may say in which
science lends herself immediately to the aid and comfort
of domestic life and felicity.

The detailed work of the Sanitary Institute has been
in some measure projected by its founders ; but it is more
than probable that in the course of its natural development
it will grow into something different from that which is

now supposed. At the same time we are bound to say
that the plan is sufficiently simple and practical to
warrant the expectations of those who have mapped
it out. The objects we have seen proposed are all

diiected to some useful and desirable end. To obtain
a registration of the diseases of the kingdom ; to

establish communications with medical officers, of health
;

to form local branches of the Institute throughout the
kingdom ; to examine and grant certificates of quali-

fication to local surveyors and inspectors of nuisances,
and to form a register of such certificated officers ; to

investigate the chemical aspects of the sewage question ;

to establish a sanitary exhibition, and to form a library of
books on health subjects ;—these objects, some of which
must needs become a part of every sanitary organisation,
are sufficiently comprehensive to cover any amount of work,
and to tax any amount of industry that may be found in

the best organised public body. So far the prospects of the
Institute are brought beyond what is commontosuch under-
takings in their earliest days. Members are daily being
added, and an effective Council has been elected. Already
one of the provincial towns, Scarborough, has invited the
Institute to hold its first provincial Congress there, and
in France a kindred society has been formed in sequence,
and, it may be said without offence, in imitation of the
one already founded in London. The visit of Dr. De Pietra
Santa, of Mariii Davy, and other savants from Paris to

the meeting on Thursday last, is a significant sign of the
good feeling with which the two rival societies have com-
menced their labours.

For our parts we welcome heartily both Institutes, and
shall enjoy the privilege of watching their onward pro-
gress and recording their success.

ON THE SOURCE OF THE CARBON OF
PLANTS

NEARLY half the dry substance of plants is carbon
;

and it is conclusively established that they derive,

at any rate, the greater part of it, directly from the carbon-
dioxide of the atmosphere, which the chlorophyll cells

have the power of decomposing iu sunlight, at the same
time evolving oxygen. But this function of vegetation,

which is so essential a complement to the processes of

animal life, gives rise to many problems hitherto un-

solved ; and an important one is whether or not plants

avail themselves of other obviously possible sources of

carbon than that existing in such very small proportion,

although in large actual amount, in the ambiant air.

Our knowledge bearing upon the subject as it exists in

the present day, is the resultant of careful investigations by
many observers. In the last century Bonnet discovered the

gaseous exhalation ; Priestley that the gas is oxygen
;

Ingenhouz that the oxygen is only evolved in sunlight
;

Sennebier that it is due to the decomposition of carbon-

dioxide, but he believed that the carbon-dioxide is taken

up in solution in w.iter. Early in this century de Saussure

carried out a long series of experiments on the relations

between the carbon-dioxide decomposed, and the oxygen
evolved, and on the amount of carbon-dioxide in the air

compatible with the healthy development of plants. Since

his time many eminent names have been added to the

list of patient labourers in this field of inquiry.

Boussingault woiked on the question whether the

carbon-dioxide is absorbed by the leaves, or taken up by

water through the roots ; and by direct experiments

proved that the leaves of plants do take up the carbon-

dioxide, which is so sparingly, though so uniformly,

diffused in the atmosphere. His researches led him to

conclude that, by far the greater part, if not the whole, of

the carbon which enters into the constitution of the

organs of plants is derived from atmospheric carbon-

dioxide ; 'and while drawing attention to the fact that,

for healthy and vigorous action, plants require large

volumes of air to pass over them, and to the surprising

rapidity with which they absorb the carbon-dioxide fiom

it, he makes calculations as to the surface presented to

the air by the leaves of dilTeient crops. Taking the

average number of plants growing per hectare (about 2\

English acres), he estimates that :

—

Artichoke gives a surface of 142,410 square metres.

Beetroot „ ,, 49.921 ,, „
Potato „ „ 39.641 ,) „
Wheat ,, ,, 35.490 ,,

Boussingault also made experiments in regard to the
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absorption of carbon-dioxide by plants growing under
different conditions as to soil and manures. He found that

a Helianthus which in twerity-four hours would, without

any manure, only decompose 2 c.c. of carbon-dioxide,

decomposed 182 c.c. in the same time when supplied with

manure containing nitrates and phosphates, 11 c.c. when
with nitrates without phosphates, and only from 3 to 5 c.c.

when manured with phosphates without nitrates.

That the carbon-dioxide contained in the atmosphere is

sufficient for normal vegetation is proved by the abundant
growth of heath and other wild plants on sandy hills

;

and the numerous experiments on water-culture con-

clusively show that a plant may grow luxuriantly, and
store up an abundance of carbon, when supplied only
with mineral salts, in a solution which contains little or no
carbon-dioxide.

Sachs speaks of it as an unquestionable fact, " that

most plants which contain chlorophyll (for instance, our
cereal crops, beans, tobacco, sun-flower, &c.) obtain tlie

entire quantity of their carbon by the decomposition of

atmospheric carbon-dioxide, and require for their nutri-

tion no other carbon-compound from without." He goes

on to say :
" The compound of carbon originally present

on the earth is the dioxide, and the only abundantly
active cause of its decomposition and of the combination
of carbon with the elements of water is the cell containing
chlorophyll. Hence all compounds of carbon of this kind,

whether found in animals or in plant: or in the products
of their decomposition, are derived indirectly from the

organs of plants which contain chlorophyll."

Dr. J. Boehm made direct experiments with seedlings

of scarlet-runner, growing them under glass shades, luted

with potass lye, in pots containing in some cases quartz

sand moistened with a nutritive solution, and in others

garden-soil rich in humus. The two sets were quite equal

in development and duration of life ; those in the garden
soil formed quite as little starch as those in the sand

;

and from this he concluded that the carbon dioxide

yielded by the garden soil had taken no share in the

growth of the plants,

Liebig had, however, supposed that plants might owe
some part of their carbon to the carbon-compounds in

the soil, which were absorbed by their roots, and that

young plants especially drew their supply from this

source. He speaks of the effect of drought as checking
the supply of carbon-dioxide by the roots, and throwing
the plant exclusively upon that in the air.

But the tendency of more recent investigations points

to the conclusion that the atmosphere and the parts of
plants living in it are solely concerned in the storing up
of the carbon of vegetation.

We may pause for a moment to consider the amount
of the carbon so stored up.

Liebig estimated that more than i,030 lbs. of carbon
may be harvested annually from a Morgen of surface

—

somewhat less than two-thirds of an English acre.

According to the estimates of Lawes and Gilbert, with
wheat for twenty years in succession on the same land
there was an actual yield of 2,500 lbs. of carbon, per acre,

per annum, where no organic carbon compounds were
added to the soil, and where these were added (in the
form of farm-yard manure) the actual yield in carbon was
less. With barley, for twenty years in succession, the
average annual yield was 2,088 lbs. of carbon per acre

;

and the indication is that some other crops, under similar

conditions, acquire even more.
Estimates recently made of the forest growth in Ger-

many give as much as 2,700 lbs. In tropical climates
where vegetable growth is more luxuriant the amounts
are far greater ; and in the West India Islands as much
as from 2\ to 5 tons of carbon may be harvested per
acre in the crop of sugar-cane.

With these large amounts of accumulation on the one
hand, we have, on the other, an atmosphere containing

proportion as o'04 percarbon-dioxide in so small
cent.

Then we have to bear in mind the large supplies of
caibon-dioxide within the pores especially ^of manured
soils, as determined by Boussingault, and at the disposal
of the roots of plants. Also the enormous quantity of
water taken up from the soil and passing through plants
during growth, probably at any rate more than 2CO
parts for every part of dry substance fixed, and the fact

that carbon-dioxide is present in all natural waters
would lead to the supposition that the roots would scarcely
either take it up to no purpose, or act as a filter to that
which constitutes so important a requirement of the plant.

Dr. Moll ' has recently, by some interesting experi-
ments, made a contribution to the evidence which is re-

quired to answer the question—Can leaves decompose
the carbon-dioxide which is at the disposition of the
roots ? and argues that the proof that one part of the
plant—the leaf—takes up and decomposes carbon-di-
oxide, is no proof that it is not taken up in another part
—the root.

He quotes the experiments of Sennebier and de Saus-
sure, but considers that they were not made quantitatively,

or with sufficient exactness to solve this problem. For
its elucidation he rests his methods upon Sach's theory,
that the starch in the chlorophyll grains must be con^
sidered as the first visible product of the decomposition
of carbon-dioxide, and that therefore, according to him,
the presence or absence of starch in the leaves is the
crucial test of the decomposition or non-decomposition
of carbon-dioxide. In Dr. Moll's investigation of the
starch contents he used Sach's modification of Boehm's
method.

Five sets of experiments were made to meet the dif-

ferent aspects of the question.

In the first set glass shades were used, in one of which
the air was kept free from carbon-dioxide by being luted

with potass lye, while the other contained ordinary air,

or air with an excess of carbon-dioxide, and was luted

with water. The liquid lute was in porcelain dishes,

made with a round hole in the middle ; the central hole
and outer edge being deeply rimmed. The shades, of less

circumference than the dishes, were set in them, and
were furnished with tubular necks, into which smaller
tubes were fixed for the current of air to pass through,
and for other requirements of the experiments. The exit

tube of the shade in which the atmosphere was kept free

from carbon-dioxide was conducted through a test-tube

filled with pieces of pumice saturated with potass lye.

Preliminary experiments with etiolated plants, with a
watch glass containing baryta-water within the shade,
satisfied the author that he secured having air absolutely
free from carbon-dioxide under that luted with potass
lye ; and some early failures taught him how to regulate

the supply of carbon-dioxide and air in the other shade,
so as to grow plants as well-developed and healthy as

those in the open air. With thick-leaved plmts he found
that it v.'as necessary to add as much as 2 per cent, of

carbon-dioxide to a volume of air supplied to them of

about 2,500 c. c. daily, in order to satisfy their require-

ments for free growth.
Experiments were made with plants of French bean, nas-

turtium, gourd, and sugar-beet, growing in the open air in

pots in good garden soil. From these was selected a leaf,

or the upper part of a stem with several leaves, still organi-

cally united with the parent plant, which was passed through
the hole in the porcelain dish, under the glass shade, and
carefully secured air-tight, and from injury to itself, by cork
and wadding. The plants for comparison were as nearly

alike as possible in every respect, and a control phrnt

grew in the open air between the shades. Both etiolated

seedlings, which became green as quickly without carbon-
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dioxide as in common air, and well developed green
gourd leaves, were tried. The gourd leaves, which con-
tained starch at the beginning, entirely lost it within a day
or two in the atmosphere deprived of carbon dioxide,

while those in the oiher shade remained still full of it.

The shades, and the contents of the dishes, were then
changed, so as to bring the starchless leaves into the
shade containing carbon-dioxide. During the day these
became again lull of starch ; while within twenty-four
hours it had quite disippeared from the leaves in the
other shade. In a similar experiment with sugar-beet the
control plant in the open air was covered with a black
paste-board box, and it was found that the leaves in the
shade deprived of carbon-dioxide lost their starch at

about the same rate as those in the dark. In no case was
starch found in the leaves while they remained in an
atmosphere without carbon-dioxide.
The second set of experiments was made with long

leaves of bulrush and bur-reeds, which were etiolated, and
then separated from the plants. With the same general
precautions as before,the upper end of the leaf was inserted
in the shade without carbon-dioxide, the lower in an
atmosphere containing five per cent, of carbon dioxide,
whilst the space between was left free to the open air.

This intermediate part was obscured by tin-foil, so that
no starch could be formed in it at the expense of any
carbon-dioxide passing through the tissues from the
lower shade ; and it was supposed that if such a pheno-
menon were possible, the spacious longitudinal air channels
of these plants might be especially favourable to the trans-
mission of the gas. These expeiiments usually lasted
one day, and uniformly gave the same result ; starch was
formed abundantly where carbon-dioxide was at disposal
in the air, while the excess of it in the lower shade had
no effect upon the portion of leaf in the upper shade,
which remained entirely fr-^e from starch.

_
The apparatus whep arranged was always placed in a

light window, shaded by gauze blinds if the sun were too
hot ; and in these latter experiments it was an interesting
circumstance that, in the lower portions of these rather
thick leaves, more starch was formed on the side next
to the window ; therefore, in two cases a piece of
looking-glass was placed behind the shade, when, being
equally illuminated, starch v.;as formed in equal abun-
dance on both sides of the leaf. This variation in the
starch-formation, according to the amount of light,
showed that that portion of leaf had not always used all
the carbon-dioxide at its disposal, and that consequently
there was an excess which might have passed upwards
through the tissues.

The third set varied from these in' having no part of
the leaf exposed to free air, thus obviating the possibility
of the carbon-dioxide being diffused into it in passing
upwards through the plant. A glass vessel containing
air without carbon-dioxide was placed within a large
shade containing air with 5 per cent, of this gas ; and a
previously etiolated leaf, with its stem in water, was so
fixed as to be partly in the one and partly in the other.
After six or eight hours it was examined for starch.
Without exception starch was formed abundantly in the
parts in the large shade, whilst no trace of it was found
in those in the inner vessel even quite close to the junc-
tion between the two.
The remaining two sets of experiments were made to

ascertain whether starch formation in leaves, in the open
air, is accelerated by giving an excess of carbon-dioxide,
either to adjoining parts of the leaves themselves, or
to the roots. In the first case leaves separated from the
plant were divided lengthways. One half, with the stalk
in water, was in a shade with air containing 5 per cent,
of carbon-dioxide, its upper part projecting under the
glass lid of the shade, which was luted with grease, into
the open air. The other hall of the same leaf was laid
on the lid, on filter paper soaked with boiled water to

keep it moist, and put as near as possible to the pro-
jecting piece of leaf. In the other cases etiolated leaves,
organically united with plants whose roots were in rich
humus soil, were divided lengthways ; one half, quite cut
off, was laid near to the other, and the two were examined
and compared after some hours' exposure in sunlight.

The results of both these sets of experiments were uni-

formly the same ; careful examination showed that starch
was formed as readily and plentifully in those portions of
leaves excluded from any other source of carbon-dioxide
than that in the air surrounding them, as in those having
an excess of it at command.
From these experiments Dr. Moll concludes that starch

is never formed in leaves in an atmosphere deprived of
carbon-dioxide, however mixh of it may be at the disposa
of the other, under- or above-ground, parts of the plant ;

nor can starch-formation be accelerated in one part of a
leaf by an excess of carbon-dioxide being at the disposal

of another part of it, either in the air, or through the

roots.

The results of these elaborate experiments are doubtless
in accordance with the direction of those of other modern
inquirers on this subject. At the same time it will probably
be felt, that, when long-accepted opinions, which many
well-known facts seem to favour, are held to be called in

question, we may still ask for further confirmation, before

accepting as decisive, conclusions depending on the exact

interpretation of experiments made with living organisms
exposed to somewhat artificial conditions. It may be
hoped, however, that this further instalment of evidence
in a given sense will incite to further research.

OUR ASTRONOMICAL COLUMN
De Vico's Comet of Short Period.— It has been

already remarked in this column that, according to Prof.

Briinnow's last investigations relative to this comet, it

appears necessary to admit a very material degree of

uncertainty in the value of the mean motion determined
from the observations of the year 1844, notwithstanding

the comet was discovfered on August 22, and followed till

December 31, or for a period of more than four months,
and, moreover, was observed with a degree of precision

which has seldom been attained with these bodies. In
Prof. Briinnow's masterly and elaborate discussion,
" M^moire sur la Comfete elliptique de De Vico," which
gained the prize offered by the Royal Institute of the

Netherlands, in June, 1848, the planetary perturbations

were calculated to the epoch of next return to perihelion

in February, 1850, but in consequence of the computed
positions showing that observation in that year would
be quite hopeless, the calculation was continued with all

possible precision to the ensuing perihelion passage early

in August, 1855. The computed track in the heavens for

this appearance was by no means an unfavourable one
for observation ; the comet would remain for a consider-

able period near the earth, being at its least distance on
August 2, just before the perihelion passage, when it

should have approached our globe, according to Prof.

Briinnow's calculation, within o'58 of the earth's mean
distance from the sun. Nevertheless, it was not detected

in this year—an object observed by M. Goldschmidt,

not far from its track, in May, being certainly a dis-

tinct body, if the star of comparison was correctly

identified. It was looked for repeatedly with the large

refractors at Cambridge and Berlin. In 1S60 again,

ephemerides were prepared and a search was made, at

least at the observatory of Harvard College, U.S., but

ineffectually, indeed the chance of observing this comet
when the perihelion passage falls in the winter must be

but small.

The later results obtained by Prof. Briinnow, to which
allusion is made above, will be found in No. 3 of his Ann
Piihox Astronomical No/ices: he there gives his reasons
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for concluding that he had placed too great reliance upon
the value of the mean motion determined in his memoir,
and while obtaining a new value (about 650") which
would assign for the period of revolution in 1844 abovt
i994'o days, he intimates the necessity of searching for

the comet in future on the supposition that this period

may be in error ± 30 days. At this distance of time or

at the end of the sixth revolution since 1844, so great an
amount of uncertainty of course renders the preparation

of limited ephemerides useless, but it may be observed
that the period finally deduced by Prof Briinnow would
bring the comet to perihelion again in the present

summer, and it will certainly be worth while to keep a

close watch upon those regions of the heavens which its

path must traverse on this hypothesis ; we might indeed
expect, if the comet continues in the same condition as

in 1844, that it would not escape detection, should the

perihelion passage fall between the beginning of the

present month and the middle or end of October. On
July 14 its orbit is thus projected on the sky, the positions

consequently indicating the line in which it should then
be found according to the different suppositions as to

the date of perihelion passage :

—

.'^'g'^'
Declination.

Distance from Intensity

Ascension. Earth. of 1 ighi.

+ 40 days

- 40
- SO
- 60

603
43 'o

21'2

350 I

321 -6

289-3

+ 19-3

+ 13-4

+ 30
- 136
- 24-8

- 30-1

1-89

112
0-64

0-39

0-34
0-38

0-I7

o'56

I -68

4 02

478
3 -60

While it is of importance that an eftbrt should be made
to recover the comet, now to all intents lost,\n the prrsent
year, no surprise need be occasioned if the endeavour
should prove fruitless. It is quite possible that the mean
motion in 1844 was of such amount as would bring the
comet, with the influence of planetary perturbation into

so close a proximity to Mars at the end of August, 1866,

as to occasion very material changes in the elements of
its orbit ; and again there is the possibility that, as Dr.
von Asten suspects has been the case with Encke's comet,
it may have encountered one of the minor planets, and
with the result of a sensible change in its motion.
And it is to be borne in mind to whatever cause or

causes the circumstance may be due, that De Vico's
comet has been shown by M. Le Verrier and Prof.

Briinnow to be with great probability identical with the
comet of 167S observed by Lahire at Paris

; yet in the
long interval from 167S to 1844 there is no record of a
comet which can be identified with it, and in the early

part of its appearance in the latter year it was visible to

the unassisted eye. It does appear strange that in the
days of Messier and Pons the comet should have escaped
detection at one or other of its returns.

While writing on De Vico's comet we may mention
that in heliocentric longitude 33g"'6 this body approaches
very near to the orbit ot the periodical comet of D'Arrest,

of which obser\'ations may be expected in the present
year. The distance is within 0-0055 of the earth's mean
distance from the sun, or about 507,000 miles, rather more
than twice the moon's distance from the earth, but it does
not appear likely that there has been any actual close

approach of the two comets during the last fifty or sixty

years.

The Late Professor Heis.—We regret to record

I
' the sudden death of Prof Edward Heis, the well-known

i

German astronomer, which occurred on June 30 from an
',; attack of apoplexy. Prof. Heis was born in 1806, com-

pleted his studies at Bonn in 1827, and received in 1852
a call to the ordinary professorship of mathematics and

j
astronomy at the Royal Academy of Miinster, Westphalia,

. which he filled until the time of his death. He was a

I
most diligent and accurate observer in the particular

branches of astronomical research to which he devoted
himself. His "Atlas Ccelestis Nova" may be considered
the standard work for magnitudes of the stars visible in

central Europe, his acute vision enabling him to add a
large number of stars of what he calls 67m. not included
in ArgelandePs " Uranometria." While resident at Aix-
la-Chapelle previous to his appointment to Miinster he pub-
lished the results of ten-years' observatiofs upon shooting-
stars which were carefully discussed. In 1875 appeared
his observations on the zidiacal light, extending over the
twenty-nine years, 1847-1875, and forming No. I. of
PuHicatioin of the Royal Observatory at Minister : it is

a most important addition to our collection of observations
of this as yet little understood phenomenon. From 1858
to 1875 he edited the IVocheiisehri/t fiir Astronomie, a.

periodical better known on the Continent than in this

country. Prof Heis was also the author of a collection
of examples and problems in general arithmetic and
algebra, which, we believe, has reached the forty-fifth

edition in Germany. His observations of variable stars

were conducted upon a system of extreme care, his
researches in this direction being encouraged and guided
by Argelander ; he first established the variability of that
irregular star t Aurigas, not without a long course of
assiduous observation. He was an excellent draughtsman,
and produced many fine pictures of nebulie, though, unfor-

tunately, supplied with very limited optical means.

THE CAXTON EXHIBITION
r T is no' too much to say that Science has been
'^ advanced by the art of printing more than by any other
of the world's inventions, for by it not only has the
knowledge of scientific truth been spread throughout the
world, but it has been perpetuated to all time, and the
names of great heroes in science have been rendered
immortal. Long after sculptured monaments, commemo-
rative of the lives and work of great men have crumbled
away, their written works remain, and the art of printing
has contributed more than anything else to the bringing
about of that result. The names of some of the greatest
philosophers the world has ever seen wojld have had but a
narrow and comparatively ephemeral celebrity, were it

not for the record of their lives and writings which the
productions of the printing press have preserved to them.

But great as have been the advantages which Science
has derived from the printer's art, she has, in return,
conferred as many and as important benefits upon the
development of that art ; and this is recorded in unmis-
takable language in the Caxton Collection, whiuh, though
(probably for want of space) very deficient as far as
modern printing machines are concerned, constitutes a
most interesting and instructive series of historical and
typical forms, in which the rise and development of
printing machinery may be traced from the early screw
presses of wood used by Caxton and the early printers,

through the Stanhope and lever presses of the last

century, to the powerful steam machinery of the present
day.

The principal aim of the designers of printing machinery
has always been to obtain increased rapidity of working

;

and during the last fifty years this has been brought to

an extraordinary degree of perfection. It was considered
a wonderful feat when, in the year 1814, the celebrated
Konig machine was started, throwing off 1,100 sheets of
the Times newspaper per hour ; but this number was
doubled by Konig's second machine, which he brought
out ten years after. In the year 1827, by mean"; of
Applegarth and Cowper's four-cylinder machine, the yield
was raised to 5,00c per hour, and in 1848 the celebrated
"Times" vertical machine was erected, which produced
1 2,000 single impressions per hour. The next advance was
made by Richard Hoe, who, in 1857, introduced his

cylinder machine into this country, where it was first
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employed by the proprietors of Lloyd's Weekly News-
paper. Shortly afterwards the proprietors of the Times
adopted it, and by means of a ten-cylinder machine,

16,000 single impressions of the Times were thrown off

per hour. This was till lately the most rapid printing

machine ever invented, but having to be supplied with

separate sheets of paper from ten different feeding-

boards, it required some twenty men and boys to work it.

Since that time a still further advance in the art of

printing has been made by the invention of the now
celebrated Walter machine, by which the bulk of the

Times is now produced. This machine works from a
continuous roll of paper, printing it on both sides and

—

requiring the attendance of cnly a man and two boys
— thiows off 25,cco single impiessicns, or 12,500 complete
newspapers, per hour.

In all these lapid machines the \.y^&fortnes are cast in

cylindiically-curved stereotype plates, which are produced

by first setting up the matter in type by the ordinary

process and then pressing the formes so produced into

papier /A'(?(7/t'mculds into whidi the stereotype metal is

cast, by this means several plates from the same mould
can be produced and therefore the same number of iden-

tical sheets may be printed at the same time.

With itgaid to the actual operation of printing the aid

that Science has given has been almost exclusively in the

direction of mechanical improvement and perfection.

The ait of stereot>pirg or the reproduction of plates and
blocks fcr illustrations has, however, been developed by
(liscovtties in many branches of Philosophy. Electricity

has kngbeen employed in the production of copies of wood
engravings by the electrotype process, which copies are

now almost universally used for rapid woik where fine

finish is not necessaiy, and the many procesies in which
photography is combined with engraving are every day
becoming mere generally employed for improving and
facilitating the art of printing.

It will readily be understood that notwithstanding all

the iinpiovements in printing machinery by which such
lapidiiy as we have referred to is insuied, the art of rapid

printinjj will be most materially hampered unless the

optralion of type-setting or composing can be carried on
with corresponding rapidity. The importance of this is

shown by the attention it has received and by the many
systems that have been devised for mechanical and
automatic type-setting. A special feature of the Caxton
exhibition is the collection of machines for that purpose.

Here again Science has lent her aid, and to any one
interested in the applications of Science for the assistance

of personal dexterity a careful study of the various

machines exhibited will be found most interesting and
instructive.

One of the most beautiful of these machines is

the automatic type-setter of Dr. Mackie, which we
illustiate in Fig. i, and which is a most ingenious

application of the well-known principle first invented

by M. Jacquard, and applied by him to the opera-

tion of weaving, and which has since been employed
for telegraphic and other purposes. In this machine a
horizontal wheel, carrying a number of little platforms,

revolves on a vertical axis beneath a set of upright boxes
arranged in a circle rcurd it. Each of these boxes is

divided vertically into eight ccmpartments containing the

types ; and the platforms, during the revolution of the

horizcntal wheel, pass in succeisron below, but without
touching them. Eaeh platform is furnished with eight

adjustable projecting pins, that is to say, as many as

there arc compartments in the boxes. The use of these

pins, or "pick-pockets" as they are called, is to temo\e
the types contained in the corresponding ccmparltnenls

of the boxes at the moment of passing below them ; and
the types so removed, resting en the platforms, are carried

round with them until pushed off at another point in

their revolution, where they are collected and delivered

in long lines in their proper order, and evenly spaced.
The pins are automatically set up or left alone by the
Jacquard mechanism to be referred to presently.

Calling the compartments containing the types and the
corresponding pins on the platforms by the figures i, 2,

3, 4, &c., it might at first be supposed that if, for instance,

the pins i and 3 were set up, they would remove types
from the first and third compartments of all the boxes as
ihey passed beneath them, but this is provided against
by the platforms being hinged at one end, so as to be
capable of rising and falling through a small vertical arc,

and by another portion of the Jacquard mechanism each
platform is raised only when it is approaching that
particular box which contains the compartments to which
its projected pins correspond.
The regulation of the movements of both platforms

and pins is effected by a set of levers, whose movements
are determined by the positions of the perforations on a
continuous ribbon of Jacquard paper, which positions
correspond to the letters, spaces, &c., required to be set up.

This ribbon is fed into the machine at a uniform speed by a

revolving spur-wheel armed with pins, which gear into a
longitudinal row of holes punched along the centre of

the strip of paper, and which is shown in Fig. 2, which re-

presents a piece of the paper ribbon perforated for setting

up the name of this journal, "Nature." The four lower
rows, which are marked in the figure with Roman
numerals, are those by which the rising and falling of the
platforms are regulated, and the other eight rows,
indicated by ordinary figures, correspond to the eight

compartments of the boxes and control the protrusion of
the pins or "piclcpoeleis." On reference to the ligure it

will be seen that the capital letter N is drawn from the

fifth compartment of that box, under which a platform is

raised by the dropping of the levers, which are controlled

by the combination of the two lines of perforations

marked I. and \\\ ; and again the small letter r is con-

tained in the third comparlnient of a box Avhose plalforrn

is raised by the single lever corresponding to the ton
marked I.

The perforation of the paper is done at a separate
inslriiiiient, which, at the Caxton Exhibition, is, in external
appearance, exactly like an crdirary cottage pianoforte, the
keys of which are marked with the letters, figures, spaces,
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&c., and which, by simple mechanism, punch correspond-
ing holes in the paper when pressed down by the fingers.

This operation being quite independent of the machine
last described, can be carried on at any slack lime, or
when the type-setter is in use, and the prepared paper
can be put away until the machine is ready to work from
it. This is a special advantage of the system which
printers will readily appreciate ; and it possesses another
of great value, and that is thar parts of v.ords of two to

eight letters, and several short words, can lie set up simul-
taneous y, as the compartments are so filled that letters

likely to come together are in contiguous divisions and
may be released by tiie mechanism at the same moment.
As an instance of this the eight compartmer ts of one of

the boxes are filled with types in the following order :

—

W i t h a t S and spaces, so that the ten words
wit, with, it, that, hat, hats, at, as, is, .ind has, may
be drawn by one operation, and the preparation of the
paper for such combinations is no less simple, for it is

performed by depressing several keys at once, as in

playing chords in music.
By this system of type-setting, using one, two, or three

perforators respectively, as many as eight, twelve, and
twenty-four thousand types may be set up per hour.
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We have described Dr. Mackie's machine at some
length, because it is a very beautiful application of the
mathematical laws of permutations and combinations,
and of mechanics to the saving of skilled labour, and is

itself an interesting example of some of the services
rendered by Science to the printer's art.

Another very ingenious application of Science to type-
setting is the ''Clowes" electrical compositor, invented
by Mr. John Hooker. In this machine the types are
contained in forty-eight nearly vertical troughs or reser-

voirs, and are pushed out through a lateral opening at

the lower end by a striker under each trough actuated by
an electro-magnet, so arranged that, when a current of
electricity is sent through its coils, one type is released
from its reservoir and drops out. Below the openings
of the reservoirs are as many flat running tapes, and
when a letter is released it drops on to the tape
which is running below it, and is carried by it at

the speed of seven inches per second to the edge
of the table of the machine, where it is thrown on
to another tape running at a quicker speed (about
twenty-one and a half inches per second), and making an
angle of about 150" with the set of parallel tapes before
mentioned. This angle determines the relative distances

of the reservoirs from tlie quick-running tape, and the
speeds are so adjusted to these distances that the time
occupied by a type in travelling from the reservoirs to

collecting apparatus is exactly the same in all cases so
that the types are delivered into the composing-j-/zV,f

exactly in their order of release from the reservoirs. This
part of the apparatus may in telegraphic language be
called the "receiving instrument."

The "transmitting instrument " consists of a series of
rectangular plaies of copper insulated from one another
and arranged on a sloping.board representing exactly the
compartments in the ordinary compositor's ''Lower Case.'"

Each of these plates is in metallic communication v/ith

one end of the coil of one of the discharging magnets, the
other end being in connection with one pole of a voltaic

battery consisting of two small Grove elements. The com-
positor sits in front of this set of plates, having the copy
before him, and holding in his hand a copper stile or
contact piece which is in connection with the other pole
of the battery. Every time he touches with the stile one
of the rectangular plates of copper a voltaic current is

sent through the coils of its corresponding magnet and a
letter corresponding to the plate touched is liberated on
to the tapes and is instantly carried to the composing-
stick. The collecting apparatus is extremely ingenious
and is worked by a quick running cam by simple
mechanism, which is a beautiful specimen of workmanship.
By this machine as many as 15,000 letters per hour

may be set up ; and it possesses the advantage over other
systems that it can be worked by any ordinary com-
positor at case, and requires no special training for its

manipulation.

Of other type-setting machines there are exhibited in

the collection examples of Kastenbein's system, which is

adopted in the Times office ; the Hattersley compositor,

in which the types are, by the depression of keys, shot

down vertical grooves, by which they are guided to the

composing frame, and by which it is said that types may
be set at the rate of 8,000 per hour. Muller's machine,
which is represented in the collection by a model, is a
well-made apparatus, intended to set type at a speed of

5,000 letters per hour. Both this and the Hattersley

machine set up the type in columns, ringing a bell at the

end of each line.

Heinemann's apparatus is an exceedingly simple
machir.e, depending upon quickness of hand and eye
in .liming a pointer at the particular divisions of a comb-
shaped series of guides, by which the types are withdrawn
from the reservoirs corresponding to those divisions. It

is a well-made machine, and its simplicity is a safeguard

against its becoming deranged.
The operations of type-founding, of paper-making and

folding, of lithography, and steel engraving, which are all

more or less dependent upon scientific aid, are all repre-

sented at South Kensington, but we must reserve their

consideration for a future notice, as well as a description

of an interesting gas-engine, exhibited by Messrs. Crossley

Brothers, which is admirably adapted for laboratory

purposes.
From what has been said it will be seen that the Caxton

Exhibition is an exceedingly interesting and instructive

one, and will well repay several visits. C. W. C.

NOTES
We are glad to see that the first grants from the Research

Fund of the Chemical Society have just been made. They are

as follows : to Dr. C. R. A. Wright 50/. for the investigation of

certain problems in chemical dynamics ; to iVIr. G. S. Johnson

25/. for a research on double salts with potassium tri-iodide ; to

Mr. E. Neison 25/. for a research on octyl compounds ; to Mr.

Carleton Williams 25/. for a research on hydrocarbons con-

taining the group Isopropyl twice ; and to Mr. George Harrow

10/. for a research on derivatives of aceto-acetic ether.



2l6 NA TURE [ytily 12, 1877

The German Astronomical Society, as it is generally called,

but really the International Astronomical Society, meets this

year at Stockholm, from August 30 to September i.

Now that the British Association meeting is again at hand,

perhaps we may be permitted to urge upon the authorities the

necessity for introducing some improvement in the daily pro-

gramme published during the session. Last year (vol. xiv.,

p. 463) we noticed the handsome, full, carefully-arranged

programme daily published by the American Association, and

we have before us the Tageblatt of last year's meeting at

Hamburg of the German Naturalists and Physicians. This is a

quarto publication, each day's issue averaging twenty pages, and

containing such important and detailed information that it is

well worth binding and preserving. The rules of the Asso-

ciation are given in the first issue, a list of members with

their addresses is given daily until complete, the arrange-

ments for the meetings of sections and general meetings are

clearly tabulated, a well-arranged general programme and list of

all papers to be read each day are given,' all information as to

excursions, places to be visited, entertainments (including

theatres), advertisements likely to appeal to members, summaries

of each day's proceedings in the various sections, general meetings,

dinners, &c. ; in short every kind of information^ likely to make

the proceedings be carried on with perfect smoothness and give

the members the minimum of trouble and worry. Appended is

a supplement of 180 pages containing reports of lectures given

at general meetings and in connection with the various sections.

All this contrasts strongly with the shabby tract-like programme

issued during the meetings of the British Association ; if the

expense is an obstacle we are quite sure no member would object

to a small charge if he could only be assured of obtaining each

morning a well-printed journal on a scale similar to that of either

the American or the German Association.

At the Congress on Domestic Economy to be held at

Birmingham on the 17th, i8th, and 19th instant, under the

presidency of Lord Leigh, Prof. Huxley will read a paper on

tlementary Instruction to Children in Physiology, Mr. W. S.

Mitchell one on the Practical Use of the Food Collection of the

Science and Art Department, and Captain Gallon on Warming

and Ventilation. Many other papers bearing on the subject of

the Congress will be read, and an exhibition will be organised.

Many of our biological readers will be glad to know that Dr.

George Bennett, F.Z.S., of Sydney, has arrived in this country,

and that any communications directed to the office of the

Zoological Society, i l.jHanover Square, will be forwarded to him.

The Portuguese African Exploring Expedition left Lisbon for

Loanda on the 7th inst.

Mr. Richard S. Floyu, one of the trustees of the Lick

Califorman estate, has been for a year past iu Europe, investi-

gating the comparative merits of reflectors and refracting lenses,

for the great telescope. We are told by the Nciv York Tribune,

for various reasons, which he gives in detail, he decides against

a large reliector, one point being that even if the extreme nicety

of adjustment which tie reflector requires could be attained in

the new observatory, it would be liable to derangement in the

high winds of a mountainous position. If a refractor is decided

upon, estimates should be asked, Mr. Floyd says, from

Cooke and Sons, of York, from Alvan Clark and Sons, and

from Howard Giubb. He reports that the reputation of Clark's

refractors and (irubb's, from all he can learn abioad, is about

equal. The story of Mr. Lick's millions had preceded Mr.
r'loyd, and he has found it dfticult to bring down the estimates

of European opticians to the basis of ordinary business profit.

In the debate on the education estimates, on Tuesday night.

Sir John Lubbock, speaking on the extra subjects which had been

made compulsory, said he doubted whether under any circum-

stances it would be desirable thus to stereotype one form of

education for the whole of England ; but surely we ought not

to do so unless we were very clear as to what is the best system.

There was, however, very great difference of opinion on this

head. The first authority to which he would refer was that of

a committee of that House. It was presided over by his hon.

friend the member for Banbury, and after careful inquiry they

reported thai in their opinion "elementary instruction in the

phenomena of nature should be given in elementary schools."

The next authority which he would quote was the Royal Com-
mission, presided over by the Duke of Devonshire, which

unanimously recommended that more substantial encouragement

should be given to the teaching of the rudiments of science in

our elementary schools. In Scotland, too, great dissatisfaction

was felt with the present system. At the last conference of

elementary teachers, held in London, which was very nume-

rously attended, it was resolved that the system of payment
" embodied in the Code is unsound in principle and injurious

to the progress of true education." The inspectors of schools

differed greatly as to the most suitable subjects. Even in regard

to geography they were nut unanimous. It was said as a subject

to lend itself very much to " cram." One of the inspectors gave

in support some very amusing answers. For instance, in answer

to a question of "What are mountains and rivers?" one girl

replied that." Mountains in some parts of the world are very

useful. In Africa, for instance, they shoot out gold." Of rivers

she had not so favourable an opinion, though she thought " they

were all very well in some countries where there was very little

rain." He confessed, however, that he thought geography a

very good subject, though he was not convinced that it ought to

be continued during the whole course to the exclusion of other

subjects. The mere skeleton of history taught in our elementary

schools contained, little more than dates, wars, and murders ;

but dates and crimes no more constituted the history of a nation

than sinews and bones .made a man. Men of science must be

grateful to Sir John Lubbock for so constantly urging upon

Government the importance of scientific education.

The first practical response to the proposal for the establish-

ment of a colonial museum in London has come from the Legis-

lalive Council of Ceylon, which has voted as its contribution a

sum of 15,000/., to be paid in three annual instalments. The
Council of the Colonial Institution is about to issue another

circular on the subject to the colonial Governments.

At the last sitting of the French Geographical Society,

excellent news was received from M. de Brazza, the French

explorer of the Ogove. He reached a distance of 250 miles

beyond the place where M. de Compiegne was obliged to retreat

hastily to save his life. He finds that Ogove does not bend

towards the Zaire. If its course does not change further up, both

streams may belong to a single system. It was reported, also,

that M. Say, a French officer in the National Marine, had

reached the Hoggar, in Central Africa, but the news requires

confirmation.

The Bulhiin of the Palis Geographical Society for April (just

issued) is mainly occupied with a long and elaborate review of

the geographical work of the year 1876, by M. Ch. Maunoir.

M. de Bizemont discusses some of the observations for latitude

obtained by M. de Brazza during his exploration of the Ogove.

Ill conntction therewith M. de Bizemont gives a list of the

instruments which he considers most useful to explorers in new
countries.

Among the papers in this month's part of Petermann's

MUthiiluni>eii is one on the Cartography of the Philadelphia

Exhibition ; Dr. Giissfeldt contributes an important paper on the

exploration, by himself and Dr. Schweinfurth, of that part of

the Arabian desert between the Nile and the Gulf of Suez ; and

Dr. Kadde a paper on the plain of the Upper Euphrates. Dr.
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C. E. Judg has the first part of an important contribution on

the Geographical Outlines of South Australia.

The Giogiaphkal Magazine lot July contains a masterly

paper, with an elaborate and carefully-constructed map by Mr.

Trelawny Saunders on the Himalayan system. Both article and

map are evidently the result of thorough study and extensive

knowledge.

From a Report of the Board of Commissioners of the New
York State Survey, which is under the charge of Mr. J. T.

Gardner, formerly of the United States Geological Survey, we
learn that, although the Survey was decided on only in 1S76,

much has already been done in the way of commencement, and

that it is likely to be carried out with a thoroughness quite equal

to any of the trigonometrical surve)s of Europe.

Mr. Landsborough, the well-known Australian explorer,

recently read a paper at Oxlty, Queenslane^, in which he

adduces a variety of interesting facts to prove that dense forests

are on the increase in Australia, that the climate is becomirg

moister, and therefore improving, that the country is gradually

ceasing to he favourable to sheep-rearing, and becoming agricul-

tural, and seems to hint that in course of time the great central

desert may yet " blossom as the rose." Formerly wlien there

were no sheep to keep down the grass, fires were frequent and

terribly destructive to trees and all vegetation, but since the

stocking of lire country there is less grass for the fires to consume,

and their ravages are consequently becoming limited in extent.

Queensland, especially, Mr. Landsborough declares, is now so

unfit for sheep-pasturing, that no one thinks of making'a living

by them. The observations of this experienced traveller are

well worthy of attention, and it will certainly be interesting to

watch the changes caused by the presence of civilised men in

Australia, as we know exactly its condition at their first advent.

M. Waddington, the late French Minister of Education, our

readers may remember, sent out a number of men to various

countries for the purpose of scientific exploration. The follow-

ing is a list of these missions :—M. Masqueray in Algeria; .MM.

Pinard and de Cessac, Nonh America ; M. la Gaviniere,

Celebes; Marignac, Antilles; Armingaud and Malard, Italy;

Dr. Harmand, Cochin China; Wiener, Peru and Bolivia;

Ralfray and Maindron, New Guinea ; EJ. Blanc, Maritime.

Alps ; Kalte, New Caledonia ; Ujfalvy, Central Asia ; Serre,

Say, Sahara ; Rochemonteix, Egypt ; du Chatelier, Finistere

(France); Abbe Ansault, Italy; Mangeot et Bersct, Japan;
Mouchez, Algeria; Guizet, Japan and Chira.

We have received the Bulletin, for 1876, of the Essex Insti-

tute (Salem, U.S.), one of the best of the m.iny local socie'ies

of the United .States. A large portion of the Bulletin is occupied

. ,'with a valuable paper by Mr. E. W. Kelson, on the birds of

^ North-East Illinois. We may state that this Institute is issuing

a series of " Historical Collections," which are likely to be of

service to those who are interested in the f olilical histoiy and

social progress of the United States.

The Kansas Collegiate is the title of a small sheet conducted

by the students of Kansas State Univertity, and cOJMains various

notes and news likely to interest those for whom it is intended.

The number for May 23 contains a Scientific Supj^lement devoted

to subjects of more or less scientific importance. The longest

of these is an address by Prof. F. H. Snow, on " Tlie Relation

of Biids to Horticulture," and which contains tome interesting

information on the habits of many of the Kansas birds. Ano'.hcr

paper, by Prof. G. E. Patrick, gives the results of an examina-

tion of a meteorite found at Wacender, Mitchell Co., Kansas.

Prof. Snow, we notice, has formed a fine and constant!)-

increasing collection of the birds of Kansas.

The Commission Siiperieure, or governing body of the French
International Exhibition of 187S, has been completed by the

appointment of some influential members, among whom are the

Due d'Audifret-Pasquier, president of the French Senate, M.
Andral, the vice-president of the Council of State, M. Alphaud,
the chief engineer of the Paris works. Amo ngst the ordinary

members are M. Brunet, Minister of Public Instruction, M. St.

Claire- Dtville, member of the Institute, and M. Rothschild

the banker. M. Krantz has given a detailed report on the

state of the works, which are much in advance of the

specified time. The unexpected success of the exhibition in

foreign countries and especially in Great Britain and the British

Colonies will fill up the vacuum created by the abstention of

Germany. Many nations have asked for an enlargement of the

space allotted which it has been impossible to grant. The
public will be admitted by tickets and not by turnstiles. The
coffee-houses, balls, concerts, theatres, so numerous in the 1867

exhibition, have been abolished, but great experiments for testing

the apparatus exhibited, and promoting human knowledge
will be tried. China will be represented by an official com-
missitn, and Siam will make a magnificent display. Liberia,

the negro republic on the Gold Coast, will exhibit for the first

time in France.

That science in certain cf its applications does pay is evident

from the fact that a M. Delille, a " professor " of legerdemain,

who has practised at fairs in France, and who has died at the age

of eighty-eight, gained by his trade a fortune valued at several

millions of franc.''. He began to practice at the eaily age cf six-

teen, and was seen operating at the last fair of St. Germain. He
dealt largely with electricity. Here is another argument agains

the Endowment of Research very similar to one which has been
urged before.

From the prospectus of St. Thomas's Hospital Medical
School, we notice that two scholarships of the value of 60/. and

40/. respectively will be awarded during the first week in

October, after an examination in physics, chemistry, botany, and
zoology.

The King of the Belgians, wl.o has been appoin'.ed a second

time president of the International Association for Exploring

and Civilising Central Africa, has declared that next year he
will declii.e to continue ihe office. 'Ihe Society is possessed

of an ani.ual revenue cf 73,000 francs, principally from
subscriptions obtained in Belgium, wheie tie scheae is very

popular. It has been decided by the executive committee that

a static n should be founded in the Trans-Tanganyika region.

The head of the station and the explorer have been appointed.

A depot will be formed at Zanzibar, and three others in inter-

mediate countries ; one is to be placed under a Catholic mission,

and two under two PtotestantP, who have volunteered to help

the Association. The works aie to be btgun without further

delay.

A COMI'ANY is now being formed, we learn from the

Engineer, toconstiuct a pneumatic railway between the South
Kensington Station of the District Railnay and the Albert Hall.

The line will rise the whole way to the Albert Hall, the ruling

giadient being i in 48. The train wUl be blown through the

tube by an ejector, in other word?, a great centrifugal pump,
two feet in diameter, fixed close to the District station, and
worked by a pair of condensing ergines exerting about 170
indicated horse-power. The tunnel will be uf brick, and the

floor will be paved. Its cross-sectional area will be 105 5 square

feet ; at the end of the train is fixed a screen cr piston, with an
area of 104 square feet, the difference being allowed for windage.

The train will consist of six carriages, of very light build, the

rail gauge being four feet. This train will hold 200 passengers,

and the total load will be thirty-two tons, or ten tons less than
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the weight of a single engine on the Metropolitan Railway.

The maximum resistance at twenty miles an hour will be about

2;420 lbs., requiring to overcome it a pneumatic pressure of 26
ounces per square inch, and 162-horse-power, assuming the

us'iful effect to be sixty per cent.

A VERY severe thunderstorm passed ever London on the

evening of July 5. Between eight and nine there came a very

lirilliant flash of lightning, followed by a deafening peal of

thunder. Many people were stunned and in several cases were

found quite insensible. Immediately after it was found at

Kilburn that the telegraph wires, running from the top of the

Queen's Arms to a house about 300 yards higher up the

Edgeware Road, were struck by the lightning, and fell in red-hot

fragments, varying in length from six inches to an inch, all along

the road, a great deal of yellow smoke attending the fall of the

wire. In one or two houses windows were broken, and a little

g!rl who was passing through the street had her hair singed and

her jacket burnt. The instruments at the office with which the

destroyed wires were connected were much agitated, and the

telegraph clerk, a young lady, was much stunned.

The fourth edition of the " Lists of Elevations principally in

that portion of the United States West of the Mississippi," edited

by Mr. Henry Gannett, and pubhshed in connection with Mr.

Hayden's Survey, must prove of great value to the geographer and

meteorologist. The first edition, published in 1872, contained only

thirty-one pages, the present edition contains 164 pages. It

contains, among a variety of other matter, profiles of nearly all

the railroads in the part of the United States above mentioned.

The results given by these profiles have been made to accord,

and the heights of several thousands of points on them have

been determined with an approach to accuracy. This edition

contains also the heights of many thousands of points deter-

mined approximately by means of the barometer. Elevations of

many thousands of mountain-peaks are given, from which very

correct ideas of the ruling heights of the principal ranges may
be derived. It contains also tables of the slopes of the principal

streams of the west, which are of value in studying the important

question of irrigation. With these various lists of elevations

there is given with this edition a map of the United States, in

approximate contours of 1,000 feet of vertical intervals, which,

in a measure, e.nbodies all the results of this department.

Toward the improvement and ultimate perfection of this map
tliis work is to be mainly directed in future. To express still

more clearly the facts brought out by the map, it is the intention

of the Survey to make sliortly a relief model of the United

Slates, on the basis of this map.

We have on several occasions referred to the association known

as the Yorkshire Na'uralists' Union, composed of a large number
of local scientific societies in Yorkshire. This association pub-

lishes a useful monthly journal. The Naturalist, intended as a

general field club record. We have received the twenty-fourth

number of this journal, which, besides several papers on natural

history, contains reports of several of the associated societies.

From a report of the third meeting of the Union held recently

at Wakefield, we notice that the Bradford Scientific Association

was admitted to the Union, and that a testimonial, in the shape

of a microscope, was presented to Mr. J. M. Barker, late secretary

of the West Riding Consolidated Naturalists' Society.

The additions to the Zoological Society's Gardens during the

past week include four Common Kingfishers {Alcedo ispida)

European, presented by Mr. J. Lyford ; two Horned Lizards

{Phrytiosoma cornutum) from Texas, presented by Mr. W. A.
Bowie ; a Sun Bittern [Eurypy^a Iidias), a Sacred Ibis [Geron-

tkiis a'thiopicus), bred in the Gardens ; eight speckled Terrapins

(Clemmys «uttata), three Red-vented Terrapins (Clemmys rubri-

vetitiis), two American Box Tortoises {Teirapene carinatd) from
Nortli .\merica, purchased.

THE INFLUENCE OF LIGHT UPON THE
DEVELOPMENT OF BACTERIA^

\iy'E have been engaged during the last kvi months on an
investigation into the effect of light upon the develop-

ment of bacteria in certain of those solutions in which they are
usually produced.

We reserve the details for a paper which we hope to submit
to the Royal .Society in the course of their next session, but wi^li

to state, in the meanwhile, that the first portion of our Inquiry
has led us to the following conclusions :

—

1. That light is inimical to the development of bacteria.

2. That under favourable conditions it may prevent their

development.

3. That under less favourable it may not prevent but only
retard.

4. That for the full effect of light to be produced direct

insolation is necessary.

5. That those conditions which tend to neutralise the action of

light are the same which are known to favour processes of

fermentation and putrefaction.

6. That the fitness of the solution to serve as a nidus is not
destroyed by insolation.

7. That, so far as our investigation has yet gone, it would
appear that the germs originally present in the solution are

destroyed by direct insolation.

We are still pursuing the inquiry, and have devoted much
time to investigating the influence of the refrangibility of the

ray, but regret that at present we are not in a position to give

any definite conclusions on this point.

We are endeavouring also to trace an analogy between facts

which we have observed and certain vital and chemical pro-

cesses, in which light is known to play a part, and are extending
our observations to other phenomena of fermentation and to

microscopic fungi.

That light is not essential for the development of bacteria has
been long known, but that it is absolutely inimical to their

production has not, so far as we are able to ascertain, been
previously shown, and we are encouraged, therefore, to lay

before the readers of Nature this statement of our results.

Arthur Doavnes ; T. P. Blunt

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

London.—The following is the list of the new associates of

the Royal School of Mines :—Associates in Mining and Metal-

lurgy—C. W. Folkard, A. K. Huntington, E. W. Voelcker

;

Associates in Mining—E. H. Liveing, W. H. Merritt ; Associites

in Metallurgy—A. C. Copeland, J. F. Hogan, C. H. Lemann,
W. Leyson, E T. McCarthy ; Associate in Geology—A. R.
.Sawyer. The Edward Forbes Medal and prize of books was
awarded to A. Heilprin ; the De la Beche Medal and prize of

bo:)ks to E. W. Voelcker ; the Murchison Medal and prize of

books to F. G. Mills.

SCIENTIFIC SERIALS
y-oiintal de Physifjue, ]\ine.—On the theory of electrometers,

by M. Mascart.—On the dynamical theory of gases (continued),

by M. VioUe.— Process for measuring the index of refraction of
liquids, by M. De Waha.—Application of the electric current to

the study of the spheroidal state of liquids, by M. Hesehus.

—

Temperature and humidity of the air at different heights observed
at Upsala during 1875, by M. Ilamberg.—Proceedings of the

Physical Society of St. Petersburg.

Archives dcs Sciences Physiqiies et Naturelles, June 15.—Study
on the variations of transparence of the waters of LakeLeman, by
M. Forel.—On the different modes of crystallisation of water,

and the causes of the varied appearances of ice, by M. I'lctet.—
Researches on some niobiferous and tantaliferous minerals, by
M. Delafontaine.

Annakn der Physil; iind Chaiiie, No. 4, 1S77.—Johann Chris-

tian Poggendorff (memoir).—New experiments on the expansion
of bodies by heat, by M. Glatzel.—On the objections of Clausius

to Weber's law, by M. Zcillner.—On normal magnetisation, by
M. Petruscheff^ky.—On stratification of the electric light in

Geissler tubes after insertion of a flame and some other resist-

ances, by M. Holtz.—On the cohesion of salt solutions, by M.
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Quincke.—On the excitation of electricity through gliding
friction, by M. Riess.—On unipolar induction of a solenoid, by
M. Zbllner.—Remarks on Prof. Neumann's paper on the number
of electric materials, by M. Ediund.
No. 5.—On the reflection of heat rays from metals, by M.

Knoblauch.—On the treatment of ponderomotive and electro-

motive forces occurfiiig between linear currents and conductors,
according to the fundamental laws of electrodynamics, by M.
Clausius. — On the tensions of vapour in dissociation of salts

containing water of crystallisation, by M. Pareau.—On the co-

efficients of temperature of heat conduction of air and hydrogen,
by M. Winkelmann.—On the phenomena of motion of electrified

mercury in glass vessels, by M. Herwig.—On divergences from
Ohm's law in metallically conducting bodies, by M. Braun.—On
the theory of unipolar induction and Pliicker's experiment.', by
M. Riecke.—On heat conduction in sulphate of copper, by M.
Pape.—Remarks on the polarisation of the rainbow, by M.
Lommel.—On the history of the invention of the areometer, by
M. Gerland.—On the significance of the rhombohedric and pris-

matic surfaces in quartz, by M. Baumhauer.

SOCIETIES AND ACADEMIES
London

Zoological Society, June 19.—E. W. H. Holdsworth,
F.Z.S., vice-president, in the chair.—The secretary read a letter

addressed to him by Mr. J. M. Cornely, announcing that his

female Hyiiropelesinirinis had just produced three young ones.

—

Mr. J. E. Harting, F.Z.S., exhibited and made remarks on a
variety of the common Snipe, intermediate between the usual
form of that species and the so-called Sabine's Snipe.—Mr. B.
Tegetmeier, F.Z. S., exhibited a specimen of a curiously mal-
formed sternum of the Tawny Owl.—Mr. John Murray, Natu-
ralist to the CluilUrigcr Expedition, exhibited and made remarks
on a series of sharks' teeth, whales' ear-bones, and other speci-

mens dredged up at great depths during the ChalLnger Expedi-
tion.—Mr. P. L. Sclater, F.R.S., read the first of a series of
reports on the collection of birds made during the voyage of

H.M.S. ChalU>ii;er, containing general remarks on the collection,

which was stated to consist of about 679 skins of terrestrial and
19S of oceanic birds, besides a considerable series of specimens
in salt and in spirit, and a collection of eggs, principally of the
oceanic species.—A communication was read from the Marquis
of Tweeddale, F.R.S., containing a report on the collection of
birds made during the voyage of PI. M.S. Challenger in the
Philippine Islands. Amongst them were examples of seven
species new to science.— Mr. P. L. Sclater read a paper giving
a description of the birds collected at the Admiralty Islands
during the visit of the Challcngir expedition to that place.
Amongst these were examples of six species hitherto unknown
to naturalists.—A communication was read from the Rev.
O. P. Cambridge, C.M.Z.S., on some new species of Araneidea,
with characters of two new genera and some remarks on the
families PodoptlialmiiUs and Ditwpides.—A note was read by Mr.

J. H. Gurney on the breeding of the Polish swan in captivity,

and on the stages of plumage of the young birds. — A communi-
cation was read from Mr. F. Moore, in which he gave a com-
plete description of the Lepidopterous fauna of the Andaman and
Nicobar Islands, so far as is yet known.—A communication was
read from Mr. Herbert Druce, F. Z. S., containing a revision of
tha i..epidopterous genus PapJiia, with descriptions of twenty-one
new species.—A communication was read from Mr. K. J. Miers,
F. ZS., containing the description of a collection of Crustacea
(Decafoda and Isopoda), chiefly from South America, with de-
scriptions of new genera and species.—Mr. A. H. Garrod read a
description of the brain of the Sumatran Rhinoceros (Ccrator-
liinus iiimalrcmis).—A paper by Mr. A. D. Bartlett, contained
the description of a new Guinea Fowl, from Mombassa, in

Eastern Africa, based on a specimen brought home by Mr.
(lerald Waller, for which the name Numida eltioti was pro-

posed.

Entomological Society, July 4.— Prof. Westwood, president,

in the chair.— Mr. J. \V. Douglas exhibited a living specimen of
Ceramliyx Ih-ros and a young larva of the same insect, bred from
a log of wood imported from Bosnia.—The president exhibited

some cases composed of small semi-transparent quartz-like

particles and constructed by the larva of a Trichopterous insect

inhabiting Southern Europe. They had been described by
Swainson in iS4oasashell belonging to the genus Thdidomtis.—
The' president also exhibited a plant- bug (Capsidu) found on the

leaf of an orchis which had become covered with blisters from
the attack of the insect.— Mr. Jenner Weir exhibited a fema'e
specimen of a Cicada taken in his presence in the New Fojest
by Mr. Auld, who stated that he had heard it stridulaiing. Mr.
Douglas, however, suggested that the sound had been produced
by a male concealed near.—Mr. S. Stevens exhibited two living
specimens of Tillus uinfa'iiatiis taken on a fence near Norwood.
—Mr. J. P. Mansell Weale, who had just returned from Sou'h
Africa, exhibited a fine collection of insects from that country
and read a paper containing the results of his observations and
(xperimenis upon the breeding of Papilio tiurope and other
insects.—Tfie secretary read a letter from Dum'^ries stating that
Colias ((/;«« had made its appearance in that di-trict in themonlh
of June.^The president brought before the Society the recent
accounts of the appearance of the Colorado beetle in Canada and
in Europe.

Physical Society, June 23.—Prof. G. C. Foster, president,
in the chair.— Prof. \V. Grylls Adams exhibited a very complete
form of optical bench, which, in addition to being provided with
all the improvements introduced by Prof. Cliitun, carries an
arm which can be set at any angle to it and is provided with
appliances for studying a beam of light or radiant heat when it

deviates from the main axis of the instrument. At the base of a
pillar firmly clamped in any position in the manner adopted by
Prof. Clifton, is fixed a horizontal graduated circle, and a vernier,

attached to a counterpoised arm, which rotates round the axis of

this pillar, renders it possible to determine the angle made by
the arm with the bench to one minute. At the upper extremity
of the pillar is a steel pivot to which various appendages may be
clamped, and immediately below this is a second ;.'raduated circle

by which to determine the angular position of whatever is sup-

ported by the pillar. Mirrors, metallic surfaces, prisms, &c.,
may be placed on this pillar for the reflection, refraction, diffu-

sion, or polarisation of heat and light. For radiant heat the
rotating arm carries a line thermo-electric pile and a table on
which absorbing media may be placed. Prof. Adams illustrated

the use of the instrument by projecting on to a screen the inter-

ference bands obtained when a beam of light, after reflection

I'lOm the two surfaces of a thick plate of glass, is sgain reflected

trom the tv.'o surfaces cf a similar plate placed very nearly
parallel to the first. A compensator consisting cf two plates of
glass of equal thickness is also added between the two thick
plaies, and an ingenious arrangement renders it possible to

incline the glasses at any angle to one another, and to move
them either independently or together. Me also shcv/ed the
efl'ect produced in the positions of the bands when the rays from
the two surfaces of the first plate traverse fair of different densi-

ties before falling on the second. The adjustment of this latter

was facilitated by fine screws supplemented by springs which
rendered it possible to give a slight movement to the plate in

any direction, by combining a motion of tianslation of the plate

parallel to its reflecting faces with a mction of rotation about a
vertical or horizontal axis. —Mr. F. D. Brown exhibited an ap-
jiaratushe has arranged, in which to compare thermometers.
From a brass hemispherical boiler rises a tube of the same metal
two inches in diameter and about two feet long ; the steam, after

ascending through ir, descends a metallic jacket surrounding it,

whence it passes into a U-shaped condenser, and from this it is

returned to the boiler. Tr.e upper end of the condenser is in

connection with a large air-tight vessel forming the base of the

apparatus, and in which any required degree of exhaustion can
be maintained by the use of Lothar Meyer's form of pump. The
thermometers a. e placed in tubes, which pass within the wide brass

tube at its upper end, and by varying the nature of the liquid in

the boiler, and the pressure to which it is subjected, the boiling

point can be retained constant at any requ'reil temperature.

—

Dr. Guthrie and Mr. Akroyd communicated a paper on electrical

selection. When a metal or other body is nibbed against some
non-conducting substance like caoutchouc, electricity is deve-
loped, and the track of the metal may be readily made evident

by sprinkling on the caoutchouc a mixture of red lead and
sulphur. Ttiis sieving imparts nigative electricity to the sulphur
and positive to the red lead, hence that particular ingreoient of

the mixture is drawn to the metal track which possesses the

opposite kind of electricity. Iron, for example, when rubbed
against caoutchouc generates negative electricity, and, after

sprinkling the powder, the iron track is revealed by the marked
collection thereon of red-lead. A list of mixtures was given

which may be used instead cf the above, and it was shown that

electrical selection may prove of use (i) in making an electrical
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diagnosis of the metals, (2) in certain experiments where the

quadrant electrometer is objectionable, and (3) in teaching,

where this instrument is often unavailable on account of its cost.

An adjourned special general meeting of the society was then held,

after which the meetings were adjourned until November next.

Anthropological Institute, June 2ri.—Mr. John Evans,

F.R.S., president, in the chair.—Three new members, one

honorary, and one corresponding member were elected.—Mr.

Burt exhibited the prow of a New Zealand war canoe supposed

to have been that which met Capt. Cnol< on his second visit to

that country.—Mr. Atkinson exhibited a specimen of gold so-

called Irish ring money.—A paper by Mr. Mortimer on an

underground structure near Langtoft, Yorkshire, was read. Mr.

Mortimer considers it is not a Bolontinus ; in this opinion he is

opposed by Mr. J. E. Price, F.S.A.—Mr. C. H. E. Carmichael,

M.A., read a paper on a Benedictine missionary's account of the

natives of Australia and Oceania, in which he summarised the

principal points of anthropological interest in the Memoire Storiche

di-lt' A:islmlin,\iy Mgr. Don Rudesindo Salvado, O.S.B., and

illustrated the missionary's account by reference to the views

expressed by Topinard, Virchow, and other foreign writers.

Mgr. Salvado maintains the unity of the Australian race and

Linguage, and upholds the possibility of raising the aborigines

to a fairly high pilch of civilisation, using their extreme quick-

ness in learning to speak and write European languages. Two
letters written in Italian by native boys brought to Europe at

about eleven years of age, were commented upon by Mr. Car-

michael, who laid copies on the table, and promised further in-

vestigation of the questions raised in the discussion. —The
president, Mr. C. Walford, Sir John Lubbock, and others took

pai't in the discussion.—H.l.M. the Emperor of Brazil was

present at the meeting.

Vienna
Imperial Academy of Sciences, April 12.—Senile changes

of the joints and their connection with Arthrilis deformans, by

M. Weicliselbaum.—On a new determination of a quantity hav-

ing reference to the measurement of molecules from the theory of

capillarity, by M. Boltzman.—On the orbit of Dione 106, by M.

Seydler.—On the decomposition of hydroxylamin by alkalin-

copper solution, by M. Donath.—On a method of determining

the resistance of bad conductors of electricity, by M. Domalip.

—Influence of temperature on velocity of evaporation, by M.

Baumgartner.—On diffusion of vapours through clay-cells, by M.

Puluj. The velocity of diffusion depends on the temperature in

the same way as the maximum of tension. There is not direct

proportionality between velocity of diffusion and difference of

tension. The logarithmic function represents the connection

more accurately.—A contribution to the knowledge of viscous

substances, by M. Obermayer. Experiment showed that the

internal friction in brittle black pitch follows the same laws as

fluid friction. That in soft bodies does not exactly follow those

laws.—On the internal condition and the latent heat of vapours,

by M. I'uschl. Very rare aqueous vapour deviates from Ma-
riotte's law in an opposiie direction to that of gases and vapours

generally, and in this it behaves like very greatly rarefied atmo-

spheric air.

Paris
Academy of Sciences, July 2.—M. Peligot in the chair.

—

The following papers were read :—On the generation of the

meridian curve of a surface of revolution, of which the mean
curvature varies according to a given law, by M. Resal.

—

Researches on anhydrous chloral and on its hydrate, by M.
Berthelot. There is a liberation of heat in the reaction of

gaseous chloral with gaseous water, with formation of a gaseous

compound, gaseous hydrate of chloral therefore truly exists as a

compound distinct from a simple mixture of the two vapours.—

•

Remarks on the subject of M. Mouchez' letter of June iS, by
M. Villarceau.—On the distribution of waters coming from

natural slopes of the French territory, and on the amelioration

of our interior navigation, by M. De Lessep;. M. Cotard has

suggested the storing of water in the higher parts and distribution

of it to navigation-canals giving cheap transport for materials of

small value, and avoiding the formation of unwholesome marshes.

M. Sibour advises the opening of a canal (seven kiloms.)

between the lake of Herre and the harbour of Marseilles.

—

Reply to M. Roudaire's last communication on the formation of

a Saharan sea, by M. Cosson. Iitla- alia, he urges that the

change of the local climate would be fatal to the date, and that

new plants introduced would not compensate the loss. The
Artesian system is open to being greatly developed. The caravans

of Central Africa would not diverge from their route to Morocco
and Tripoli. The addition of so much saline m.atter would
make the Artesi.an water undrinkable and unfit for irrigation.

The climate would become very unhealthy from combination of

moisture with great variations of temperature, &c.—M. Godron
was elected correspondent for the section of botany, in room of

the late M. Lestiboudois, obtain'ng thirty-three votes, against

five for M. Duval Jouve.—Trepanation of the membrane of the

tympanum, successfully performed in a case of long deafness

which had resisted all treatment, by M. Bonnafont. Any
deifness not accompanied by weakening of the sensibility of the

acoustic nerves (ascertainel by placing a watch on the cranial

wall near the ear), may be cured or greatly improved (he thinks)

by trepanation of the tympanic membrane. The tympanum
should be ani"esthetised, and th': canula should be allowed

to remain in the opening till it falls out naturally.—Argilo-

calcareous land and phylloxera, by M. Joffroy. A vine-stock

planted in such land resists the disease when the surface of the

ground is sufficiently inclined from its base, and is preserved from

contact with rain-water from higher ground.—Researches on the

compressibility of liquids, by M. Amagat. He studied volatile

liquids kept liquid by pressure at a temperature above that of

their boiling-point (when, it is known, their coefficient of dilata-

tion becomes very considerable). He gives numerical results for

ordinary ether and chlorhydric ether, and will afterw.rrds show
that these numbers agree satisfaolorily with deductions from the

formulae of the mechanical theory of heat.—On the state of the

vines treated at Cognac with alkahne sulphocarbonites, by M.
Mouillefert.—On the vapour of hydrate of chloral, by M. Troost.

Fresh experiments by a method which he describes confirn his

former results, which M. Wurtz hid questioned.—Dissociation

of gaseous iodhydric acid in presence of an excess of one of the

elements, by M. Lemoine The most important result is the

stability which this excess gives to the combination ; in mixing

iodhydric acid with increasing quantities of hydrogen the quantity

of ioilhydric acid dissociated diminishes about half. Still the

character of the dissociation seems always to subsist, whatever

the ineiiualily in the atomic proportions. This influence of mass

in dissociation is in accord with several other known facts.—On
the dissociation of ammoniacal salts in presence of metallic sul-

phides, by MM. De Clermont and Guiot.—On the employment
of fluoride of bromine as a dehydrating agent, by M. Landolph.

He gives several examples of its action (with camphor, &c.).

—

On the ordinary presence of copper and zinc in the human body,

by MM. Raoult and I'.reton. They give the results of a judiciil

investigation made by them in 1S74. 700 grammes of (moist)

liver of a man who had died after an operation for stone, gave

2 inilligr. of copper and 7 mgr. of zinc
; 400 gr.ammcs liver of a

consumptive person gave 6 mgr. of copper and 12 mgr. of zinc.

To prove poisoning, it should be shown that the quantities of

copper or zinc found in a body are greater th.in the maxima in

normal conditions.—On the determination, in weight, of atmo-

spheric ozone, by M. Levy. This relates to a supposed influence

of platinum on arsenite of potash, which, however, was not

manifested in the conditions with which M. Levy operated.
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THE "INFLEXIBLE"

IN our last number we sketched in outline the scientific

principles and considerations which lie at the founda-

tion of the important question now at issue regarding the

Injlexible.

We now proceed to consider the case as set forth in

the papers which have since been presented. The fact of

a Committee having been appointed to investigate it is no

reason for our passing over in silence these papers, which

have been already laid upon the table of Parliament

expressly to disseminate the information contained in

them. We shall not, however, seek to trench in any

degree upon the duties undertaken by the Committee.

The first question to be asked is the vital one—What
stability is claimed by the Admiralty for the Liflcxible in

the condition contemplated by the Times and Mr. Rted,

and, as is now made perfectly clear by the papers, by the

Admiralty office itself when the ship was designed, a

condition namely in which the unprotected ends were so

far injured as to cease to contribute stability to the ship ?

Has the ship that range of 50 deg. which, as we

saw last week, the Committee on Designs, as a result

of scientific consideration laid down as necessary for

a mastless ship exposed to the action of the sea.' Has
she even that 39 deg. which is the very lowest amount

ever mentioned as compatible with safety ? And, it must

be further asked (since " range '' alone is a most insuf-

ficient guide to safety), is the amount as well as the raiii^e

such as the settled science of the subject would demand ?

None of these answers lie on the surface of the Par-

liamentary papers, and some of them are not to be found

there at all ; but by what Dr. Schliemann would call

" the pickaxe method " of investigation, we can get at

part of them, and infer the remainder with all necessary

certainty. The most difficult and unfortunate part of the

inquiry is due to the fact that the apparent answers that

do lie on the surface are not the true ones, although they

bear every outward semblance of being so. The scientific

world is turning to these papers for one piece of informa-

tion before and beyond all others, namely, this very

s'.ability of the Inflexible with " unarmoured ends giving

no stability ;" and when they get to p. 10 there they find

it plainly set forth, in tabular form, and in full detail :

" Maximum stability 6,532 foot-tons ; angle of maximum
stability 13^ deg. ; range 30 deg. ;" and reading this they

begin to say to themselves that although the ship is, on

the showing of her constructor, belo.v the standard of

safety which everybody has either laid down or accepted,

yet that she is not so alarmingly deficient as they had

supposed from the pronounced tone of her critics. Give

her, say they, the benefit of the cork (in which the whole

Admiralty has so suddenly acquired extraordinary faith),

and although she would then be somewhere near the

recognised limits of safety, and would be liable to the cork

being more or less rapidly got rid of under shell fire,

still the case is not so very bad after all. But unfor-

tunately on reading further they come on the following

page upon an ugly foot-note by Mr. Barnaby, bearing date

Jime 25—one week after the occurrence of the Inflexible
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debate in Parliament—and in this foot-note is disclosed

the fact that the figures which we have quoted, and which
are given at p. 10 as expressive of the case when the

unannoured ends give no stability, turn out to be the

figures applicable to the case when the cork is in place

and when the unarmoured ends are contributing the

stabihty which arises from the cork ! This is not clearly

shown on the surface of the foot-note, but it has to be
discovered in a roundabout manner. It can, however, be
reached in this way. The foot- note implies that the cork

was allowed for in the calculations of a certain curve

given on the sheet of curves appended (Curve e in our

present diagram), and by comparing this curve with the

figures given on p. lo, we find that they express the same
state of things, and thus we arrive at the fact that these

figures likewise include the stability due to the cork. We
do not propose to offer any comments upon this, except

to say that we cannot help thinking that ninety-nine

persons out of every hundred who read these papers will

be completely mystified and misled by such an arrange-

ment of the information, and more than all by the distinct

employment of words which indicate that the cork is

unaccounted for, when, in point of fact, the cork is

accounted for.

By the means thus indicated we arrive at the fact

that the amount of stability previously referred to and
quoted is the amount which alone the ship was be-

lieved to possess when the First Lord of the Admiralty

made his statement in Parliament, and declared that the

Board were in every way satisfied with the vessel. It

follows that the First Lord of the Admiralty was satisfied

that the Inflexible should have a righting lever (G z) less

than six-tenths of a foot long with the cork in place, and
of course with very much less in the event of the cork

being blown out. We are not able to state—for the

Admiralty does not give the information—how much
stability the constructors and the Admiralty actually

believed the ship to possess in the case under notice

(viz., the case of the unarmoured ends really contributing

no stability), but it is impossible to peruse these papers

and to come to any other conclusion than that unless this

information was advisedly kept back it ought to have been
given. We cannot ourselves, of course, profess to say how
much of the measure of stability which we have quoted was
due to the cork, but we are able to approximate pretty

closely to it by aid of the diagram which Mr. Reed pre-

pared, and which is printed with the papers. That diagram
Mr. Barnaby has marked " wrong," and no doubt it does

differ a little from Mr. Barnaby's own diagram in its

estimate of the amount of stability with the cork in.

Indeed Mr. Reed only put his curve of stability forward

as approximate, and as being in his opinion '• pretty near

the truth j
" but this diagram may be taken as a sufficient

approximate indication of the amount of stability actually

due to the cork itself, and by taking that away from the

Admiralty diagram we get what the Admiralty themselves

would probably allow to be the state of the ship with the

cork out. We have performed this operation, and we
find that the Inflexible is, with the cork out, left almost

absolutely without any stability whatever, even when she

is judged by the diagram which the Admiralty themselves

supply, and upon which they rested when the first Par-

liamentary debate took place.
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Subsequently, that is on June 25, Mr. Barnaby put

forward a memorandum (the foot-note before referred

to) showing that his own previous diagram might be

extended a few degrees by introducing such considerations

as that the four guns had been increased by 20 tons each

(in a ship of over 11,000 tons !), that the armoured deck

was to be broken through to let the cables be stowed

lower, and that an allowance might be made for immersed

materials ; and by these means some little show of a

curve of stability, even with the cork out, is obtained
;

but the amount of it must be exceedingly small, as the

range claimed is only 17 deg., and the curves which we

give in the accompanying engraving indicate by analogy

how very small the amount of stability must in this case

be with so extremely limited a range. We feel bound,

however, to demur to any such change in the Admiralty

calculations, both because of the doubt v.'hich must

inevitably rest on the alteration of calculations made to

meet a public inquiry already commenced, and because

the actual changes made in this case are in themselves

improper. It is improper to make new allowances now
ostensibly for the enlarged guns, because still larger guns

were originally contemplated in the design, as the printed

Papers clearly show ; it is improper to alter the cables to

meet the present state of things, as they were o'lviously

wisely placed in the first instance ; and it is improper for

the sake of a small nominal increase in the apparent amount

of stability of this ship to introduce novelties of calcula-

Range of Stability

DESCRIPTION OF CURVES.
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which we have already objected, the ship is in an unsafe

condition when judged by the only standards that at

present exist for our guidance, viz., those laid down in the

Report of the Committee on Designs of 1871.

We have now almost exhausted all that the Par-

liamentary Papers contain on the essential question at

issue, but before concluding this part of our subject

we must advert to the case of the Devastation. The
De7iastaiion, as designed, had an unarmoured forecastle,

which extended down to within about a foot of the water's

surface, and with this forecastle perfect, she had a range

of stability of 43J deg. Mr. Barnaby alleges that with

the forecastle perforated, her range of stability would be

brought down to 35 deg., and that the maximum angle of

stability would be g deg. It seems to us that the curves

given show something more and something different to that

which the table in the text gives. They show something

more, because it is clear on inspecting that one which relates

to the Devastation with forecastle perforated, that although

the maximum appears to be reached at 9 deg., there is no

perceptible diminution in the magnitude of the stability

for nearly another 9 deg. The curve seems to be parallel

to the base line, from 9 deg. up to 16 or 17 deg., and the

state of the Devastation, therefore, is totally different

from that which might be expected from the announce-

ment in the text, that 9 deg. is the angle of maximum
stability. But even allowing all the stability which the

Devastation is shown to possess by these curves, we are

ourselves disposed to believe that when this ship was

altered, the alteration should have been so made as to

add to the stability of the ship when the unarmoured bow
is perforated. Now the Reports of the Committee

on Designs show that the changes made after Mr. Reed
left the service were of a kind which, while adding

materially to the stability of the ship under ordinary

circumstances, burdened her with a large amount of top

weight, which, together with the lowering of the armoured
freeboard, must have diminished the stability with the

bow perforated. In view of this consideration, we
should much like to have seen the Devastation's

curve of stability as it would now be with the un-

armoured bow perforated, for we are disposed to

think that the production of that curve would dis-

close a much less satisfactory condition of things as

regards stability in the Devastation as she now is, than

existed at the time of her design ; and, as we have

already intimated, this ship appeals to us not to have pos-

sessed even at first all the stability desirable. We are aware

that the Committee on Designs expressed a contrary

opinion, but we doubt if they duly considered the state

of the vessel with the forecastle perforated, and we
believe that if they had they would probably have looked

less complacently upon the change that was made than

they actually did. If we are right in this view of the

Devastatipti, Mr. Reed must no doubt bear the blame of

having cut this ship's stability somewhat finer than it should

have been, and all that could be admitted in mitigation of

the fact is that which he would probably plead, viz., that

this ship was the first great monitor of the kind that had
ever been designed ; that calculations of stability at con-

siderable angles of inclination had not then come into

vogue ; and that he left the service long before the

Devastation was completed for sea ; and therefore that

it was not from his hands that she passed into actual

service.

But it is no part of our business to distribute blame in

such matters, and all that we can say on the point is that

we are not satisfied even with the Devastation, and that

whatever deficiency of stability she might have possessed
as originally designed, that deficiency must have been
made worse by the modifications which the ship has since

undergone.

We must now say a few words upon the question of the

cork, and how far it may really be relied upon for giving

to the Inflexible—not a safe measure of stability when the

unarmoured ends have ceased to furnish any otherwise,

for we have seen that with all the cork in place the stability

is still too little for safety— but some sort of chance of

escaping that capsizing which must befall her at sea with

the cork gone. The great advocate of cork is the present

Director of Naval Ordnance, Admiral Boys ; but if the

arguments which he sets forth in these printed papers are

in truth the foundations on which the hope of the

Admiralty is based, their confidence must be very ill-

grounded indeed. Admiral Boys is good enough to set

forth in a formal manner the reasons which induce him
to think the cork can be depended upon. There is one
at least to which science at once supplies an answer.

He mentions " the difficulty of striking a ship at or

below the water-line, particularly one of the Inflexible

type, that will scarcely ever roll." Scarcely ever roll ! A
more astonishing, and may we say a more utterly ground-

less remark, was probably never made upon a serious

subject. It has been established beyond all question or

cavil that one of the most fruitful causes of rolling is great

stability, and that mastless ships of great stability will

roll more than any other. Now, in her uninjured state,

which is the state in which she will enter upon an action,

the Inflexible will have very large stability, and may be ex-

pected to roll heavily in a seaway. A glance at our engraving

this week will show that the length of the righting lever,

r. z, is sometimes over three feet, and in one case (with

certain stores consumed) nearly four feet, whereas not one
of all the typical curves given in our last number gives a

G z that much exceeds three feet, while all but one are

much below that. It is true that the admission of water

at the ends may have a perceptible effect in diminishing

the rolling, but it would be premature to presume any
great results in this respect. And apart altogether from
the rolling of the ship, every seaman, including Admiral
Boys, must be well aware that the ends of the steadiest

ships in the world get much exposed by the mere falling

awayofthewater in a seaway. With regard to Admiral Boys
other assumptions they are more out of our province, but we
may remark that the enunciation of such views by a high

officer of the Admiralty is calculated to fill common minds
with astonishment and appre hension. Naval architecture

instead of being a complex and difficult branch of science,

would be of all arts the most simple and easy, if all that

had to be done were to keep safe the under-water parts of

ships that never roll ; to encounter projectiles that canno

fulfil the object for which they are employed ; and t

engage vessels armed in the most suitable manner, and

managed in the most suitable way, to let us escape !

The conclusions we have arrived at are, that the

Inflexible is not a safe ship for battle in her present state
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that the objections brought against her have been much
too hghtly treated ; and thpt the disclosure of her

condition, with the circumstances that have followed it,

have excited just surprise and dissatisfaction. The
subject must be anxiously watched through its future

stages.

THE NEW METEOROLOGICAL COUNCIL

THE final stage of the labours of the Treasury Com-
mittee, to which we have made frequent reference,

has now been reached. The Royal Society has been

appealed to to nominate the new council ; they have done

so, and the Government has accepted the nominations,

which are as follows :— Prof H. J. S. Smith, Savilian

Professor of Geometry in the University of Oxford and

Keeper of the University Museum (Chairman) ; Prof

Stokes, Lucasian Professor of Mathematics in the Uni-

versity of Cambridge, and Secretary of the Royal Society
;

Dr. Warren de la Rue, Mr. F. Galton, and Gen. Strachey,

Member of the Indian Council. In addition to these

there is Capt. Evans, the Hydrographer of the Navy, as

an ex-officio member.

The new Meteorological Council, then, like the old

Meteorological Committee, is composed of Members of

the Royal Society, who severally hold distinguished

positions in special departments of science, and who
collectively represent considerable administrative ability.

The addition to the new Council of two distinguished

mathematicians and physicists, such as Professors Smith

and Stokes, will be generally regarded with satisfaction,

particularly when it is considered that it is to the mathe-

matician and physicist that meteorologists must always

look for information and guidance on many matters

affecting the intricate and difficult problems with which

they, in the position the science has attained, must now
deal.

It is, however, matter ofgeneral surprise among meteoro-

lo.;!sts, or we should rather say of wide-spread regret,

that the New Council will resemble the old Committee in

having no meteorologist upon it. The omission, so far as

concerned the Meteorological Committee, was a serious

one, and led to mistakes ; so far as concerns the new one

it will be well if it does not seriously rnar its usefulness

and retard the foundation of the future science of physical

meteorology. At the same time it is only just to point

out that because the science is of the future, the choice of

the Royal Society was small, and that considerations not on

the surface may have had to be borne in mind. However
this may be, there is no doubt that the Royal Society and
the new Council have accepted a great responsibility, and
that the action of the latter will be most keenly watched.

The Royal Society, in a report to the Government, has

stated :—

"The Council of the Royal Society is of opinion that

the most practical method of advancing meteorology is

to endeavour by research and experiment to place that

science on a firm basis. They are also of opmion that

this can be done only by the devotion of the time of
scientific men to the necessary research and experi-

ment."

Men of science, therefore, will be justified in looking

both for research and experiment from the new council

in addition to the dreary piles of observations which have
cumbered all scientific libraries for the last half-century.

And here is the rub. Will the busy— not to say
already over-workcJ—members of the Council adopt this

"practical method," and conduct researches ? or do they
propose to content themselves by going into the market
with the 1,000/. which is given for research, and, be it

remarked, not for mere observations ? In the latter case

it is to be hoped that their advances will be met in no
narrow spirit ; for if the new council only fosters research

and experiment, it will be a great gain.

While, on the one hand then, we have a right to expect

results of a high order from the new Council, on the

other we are glad to see they are to be no longer an un-
paid body. Besides the 1,000/. devoted to research there

is another 1,000/. devoted to the payment of the members.
This sum is to be spent partly in retaining fees and partly

in payment for attendance.

The vote asked for the present year and agreed to on
Tuesday is 10,000/., and the Secretary of the Treasury
then stated that the Committee had recommended an
expenditure of 4,000/. a year by the Meteorological

Council, and, in the judgment of the Treasury, the

recommendation was one that ought to be adopted. A
supplementary vote will be asked for this at an early date.

As regards the meteorological societies, on whom must
devolve the practical working out of the large problem
of the comparative climatology of the various districts

of the United Kingdom— the working out of this problem
being beyond the scope of the operations of the New
Council just as certainly as it is beyond the resources

originally placed at its disposal—we cannot but suppose
that the Government have, in handing over the adminis-

tration of the meteorological grant to the New Council,

made provision that a portion of the additional 4,000/.

will be spent in adequately aiding these societies in doing

important national work which they are in a position to

do so economically, and which, judging from the past,

they can do so effectively.

This now seems to be the Treasury view, for in the

warm debate very properly raised by the Scotch members
in favour of the claims of the Scottish Meteorological

Society, Mr. W. H. Smith stated that, as to the tests that

ought to be applied in such cases, special regard ought to

be paid to two points. The object to be attained ought

to be distinctly national, and not one in which particular

individuals or classes were concerned, and security ought

to be taken that the persons who sought assistance were

contributing largely to promote the object in view. There

is no doubt that the Scottish Society satisfies both these

requirements.

The Chancellor of the Exchequer also stated that it

would be for the Council to consider how far they could

avail themselves of the services of the Scottish Meteo-

rological Society in the conduct of their business, and on

what terms that assistance should be rendered.

The Council have lost no time in entering upon their

duties, and it is devoutly to be wished that some sign

may soon be given that if its constitution is not what

was generally looked for, it is still well qualified to dis-

charge its functions and to merit the confidence of

meteorologists, although they have had so little to say

to its apijointmcn:.
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THE "POLARIS" EXPEDITION
Narrative of the North Polar Expedition U.S. Ship

" Polaris," Captain Charles Francis Hall, Commandim;.

Edited under the Direction of the Hon. G. I\I. Robeson,

Secretary of the Navy, by Rear- Admiral C. I-I. Davis,

U.S.N. U.S. Naval Observatory, 1876. (Washington :

Government Printing-office, 1876.)

THIS is a handsome record of one of the moit

memorable, and in some respects most successful

of Arctic expeditions. Though dated 1876, a note dated

March, 1877, is prefixed, stating that the concluding

chapters have been prepared by Prof. J. E. Nourse. We
have already (vol. viii., 2

1 7, 435 and passim) given so full

details concerning this expedition that we need do little

more now than notice the publication of this record by the

U.S. Government. It contains a full general narrative of

the expedition drawn up not only from the official records

of the responsible officers, but from thediarieskept bymany
of the subordinate officers and men, many of the latter

being unusually intelligent. Indeed it formed part of the

instructions to the expedition in its outset that as many
of the officers and men as were able should keep diaries,

which were to be handed over to the U.S. Government
on the return of the expediti ', a praiseworthy feature,

we think, which might be advantageously copied by all

similar expeditions.

Captain Hall himself is spoken of justly in the narrative

in the highest terms of praise. His enthusiasm for

Arctic exploration had become almost a religion with

him, and had he lived there seems little doubt that much
more would have been accomplished than even there was.

He had qualified himself by two long residences among
the Esquimaux for enduring all the hardships incident to

Polar exploration ; and while his main aim was geogra-

phical discovery he had a sufficient knowledge of and love

for science to induce him to do all in his power to look

after its interests in connection with his expedition. To
quote the work before us. Hall " possessed judgment and

sagacity altogether too large and comprehensive not to

be fully alive to the importance of its promotion; and not

to know that every accession, whether of law or fact, to

its domain, tended to the benefit of mankind." We
believe that the narrative of Hall's second residence

among the Esquimaux will shortly be published for the

first time.

The present wotk will correct some misconceptions that

became current at the time that the news of the fate of

the Polaris expedition reached this country. It was

stated, for example, that the ship was not well fitted for

her work ; but the fact is that everything was done to

strengthen her and otherwise adapt her for the special

work she had to do that the United States naval authori-

ties could suggest. Hall himself said that no better

equipped expedition ever set out for the Pole. The expe-

dition was in every sense a government one, 50,000 dollars

having been appropriated for it, and it was governed by

the naval discipline of the United States. True, this

latter point does not seem to have been rigidly carried

out. Hall himself not having been a naval officer, and

perhaps a little too soft to be so strict as he ought to have

been. Explicit, but sufficiently elastic instructions were

given him, and the scientific instructions prepared by

the United States National Academy are given in the

Appendix. The latter are exceedingly detailed and care-

fully drawn up, and embrace every department of science.

The scientific results of this expedition are, we beheve,

of very great importance, and we are glad to learn that

a portion of them, at least, have just been published by
the chief of the scientific staff, Dr. Emil Bessels.

The idea of the expedition was due solely to Capt.

Hall, and it was only through his enthusiastic agitation

that the United States Government were persuaded to

equip it. His death was a great loss to the cause of

Arctic exploration, and we may say to science ; and it is

a relief to find that after rigid inquiry on the part of the

Government it has been concluded that his death arose

from purely natural causes. Our readers may remember
that a handsome tablet was placed at the head of his

grave by our oivn recent expedition.

The present volume, we have said, is a handsome one,

and compares favourably with the unattractive blue-books

issued by our own Government in simil.ar cases. There

are a large number of attractive illustrations and maps,

the former, however, executed by a very roundabout

process ; they are wood-engravings painted in oil from

original sketches by Mr. Emil Schumann and Dr. Bessels,

photographed on wood and engraved. One may be

inclined to fear that their truthfulness will be apt to

suffer during this long process. A very fine life-like

portrait of Capt. Hall forms a frontispiece.

POLLUTION OF RIVERS
A Treatise on the Law Relating to the Pollution ana

Obstruction of Watercourses, together with a Brief

Summary of the Various Sources of Rivers Pollution.

By Clement Higgins, M.A., F.C.S., Barrister-at-Law.

(London : Stevens and Haynes, Law Publishers, Bell

Yard, Temple Bar, 1877.)

THE pollution and obstruction of rivers by sewage

and the refuse of manufacturing processes is, in

a country hke this, densely populated and depending

mainly on its manufactures, a matter of the gravest im-

portance, justifying indeed, a saying of Earl Beaconsfield's,

which has met with a good deal of ridicule, that the

motto of his government should be sanitas sanilatum

omnia sanitas. We have on the one hand to preserve as

rigidly as possible the purity of our streams, and on the

other to interfere as little as can be with those manu-

factures which are so great an element in the production

of our national welfare.

It is now some years since the Government issued a

Royal Commission to inquire into the best means of

carrying out the problem, and that the matter is now in

a fair way to sohition is mainly due to the labours of

the late Commission, of which Dr. Frankland was the

chemical member.

The five Reports presented by it to Parliament, take

rank, indeed, as a classical research into the subject, and

have an interest to countries other than our own. The

Rivers Pollution Act of 1876 is based on the recom-

mendations of the Commission, and it is not too much

to say that without them legislation would have been

impossible.

The Act in question constitutes four classes of offences

as follows :—To pass into any stream (i) any solid matter

so as to interfere with its due flow, or to pollute its waters

;
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(2) any sewage matter
; (3 any poisonous, noxious, or

polluting liquid from any manufacturing process ; and

(4) any poisonous, noxious, or polluting solid or liquid

matter from any mine.

Mr. Higgins justly remarks that "the successful work-

ing of the Act will much depend upon the meaning of the

word ^polluting ' as therein used, by those with whom its

interpretation rests." In order to understand the drift of

this remark it is necessary to observe that the Act of 1876

yirtually gives no standard of purity, though the Commis-

sion of 1S68 recommended an extensive and somewhat

stringent list of standards. We think that on the whole

the Act is right in the omission, as a suggestion made by

Mr. Crookes in his evidence before the House of Lords in

1873, namely, " that the river itself should be the standard

of purity, and that no liquid should be allowed to be sent

into a river if the liquid contains a greater percentage of

impurity than the river itself," seems to be a very feasible

standard and one easily and quickly referred to. Again,

as Mr. Crookes pointed out, the standard would naturally

improve, as nothing worse than the river at any given

point would enter it, whence in the course of nature

amelioration would ensue, while the process being gradual

would give the manufacturer or township time to improve

their waste or sewage, and one of the most disastrous

sources of trouble the injury to the water-course from the

casting into it of solid refuse would be at once prohibited

;

as would pollution by actually poisonous matter, such as

arsenical and other liquids.

It appears to us that guided by competent chemical

evidence there ought to be no difficulty in obtaining legal

decisions as to the polluting or harmless character of any
liquid that may be called in 'question, while as to solid

matters, of any kind whatever, the mere fact of their entry

into a stream ought to be an offence without reference to

their character. On the whole we think the act, though
perhaps partaking too much of the " permissive " cha-

racter, which is so prominent a feature of modern legisla-

tion, to be one which, if conscientiously used with due
consideration to the facts of each individual case ought
to work great good. In the race for wealth we are

perhaps too little apt to think of the future. The brooks

and lunning streams like the land we live on are not ours

to do as we like with, but like an entailed estate are only

held in trust for the next heir, and like national or family

honour should be handed down to posterity pure and
unsullied.

Mr. Higgins has devoted great care to his treatise on
the Act, and his chemical training has evidently stood
him in good stead, the numerous references to cases

bearing on the various points show a laborious study of

the legal aspects of the case and will add greatly to the

value of the work in the eyes of the legal profession, for

whose information it is primarily intended.

R. J. FRiswaLL

OUR BOOK SHELF
The Cradle of the Blue Nile; a Visit to the Coutt of
^'"g John of Ethiopia. By E. A. De Cosson,
F.R.G.S. Two vols. With Map and Illustrations.

(London : John Murray, 1877.)

Although Mr. De Cosson did not go over any new
ground in his tour, and although he was unable even to

carry out his original plan, we are sure that most readers
will find much that is new and certainly interesting in his

volumes. He went slowly southward from Massowah to

Lake Tzana, north-west to the lower Bahr-el-Azrek, down
the Nile to Berber, and across to Saakim. He won the
favour of King John, of whom he speaks as an able, well-

meaning ruler, and was thus able to see much of the life

of the people, and learn much of the antiquities and the
character of the coun'ry that otherwise he would have
missed. To any one wishing to obtain an attractive

account of the past history and present condition of
Abyssinia, we strongly commend Mr. De Cosson's work.

The Tiber and its Tributaries, their Natural History
and Classical Associations. By Strother A. Smith,
M.A. Map and Illustrations. (London : Longmans
and Co., 1877.)

The idea of this work is, we think, a happy one, and its

execution successful. The object is to gather under one
head everything of interest relating to the Tiber. This has
necessarily involved a great amount of research, and the

result will be welcomed both by the student of history,

the " scholar," and the geographer. Considerable space
is devoted to the inundations of the Tiber, and also to its

birds and its fishes. Two nicely-coloured plates are

devoted to the mura?na, the mullet, the lamprey, and the
sturgeon. The Tay, at Perth, we should inform Mr.
Smith, is no more an "estuary" than the Thames at

London Bridge, unless the word is applied to all that part

of a river reached by the tide.

A Short Account of the Principal Geometrical Methods
of Approximating to the Value of rr. For the Use of
Colleges and Schools. By the Rev. G. Pirie, M.A.
(Macmillan, 1877.)

Elements of Geometry Based on Euclid. Book I. For
Elementary and Middle Class Schools. By E. Atkins,

B.Sc. Collins's fichool Series. (Glasgow: Collins, 1877.)

Takiinetry. Concrete Geometry in Three Lessons. Ac-
cessible, Inaccessible, Incalculable. Translated by D.
W. Gwynne, M.D., from the French of E. Lagout.
(Glasgow: Collins, 1877.)

The little pamphlet first named does not attack theproblem
from the circle-squarer's point of view—the use of the word
"approximating'' sufficiently points this out—but gives an
interesting account of what was done for the question
between the times of Archimedes and Huyghens. A few
elementary propositions lead up to what was attempted
by Willebrord Snell ("Cyclometricus," i62i)and elegantly

effected by Huyghens. Mr. Pirie's object is to correct

what he deems a defect in our present works on Trigono-
metry, and to supply a few simple propositions " on the
threshold of the subject." We can recommend the book
as one suitable for being put into the hands of sixth form
pupils. A few references are supplied to fuller sources of
information upon the quadrature of the circle.

Mr. Atkins's book seems to differ but little from the
ordinary forms of Euclid as now printed. One feature

is the addition of short side-notes drawing attention to

the objects of the successive steps of the construction and
proof. There is a short collection of sixty exercises

grouped under the propositions upon which they depend.
Some of these appear to us wrongly placed, and a few
incorrectly printed. The work is neatly got up and of a
handy form.

If all that is said of takimetry by its admirers be true

a revolution in mathematical instruction may be speedily
expected. " With one hundred lessons of takimetric
instruction any one can very well learn geometry, algebra,
arithmetic, and mechanics." " The classical geometry of
Euclid disi^uises its object, its utility, and thus, for a con-
siderable time, yields a barren and discouraging result,

v/hilst takimetry is able, on the other hand, to produce
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the miracle of an astonishing progress." In the Funda-
mental Takimetry (introductory to Takitechny) objects
are classified into square, round, pointed, and truncated
forms. The three lessons of Takimetry are (i) equiva-
lence

; (2) resemblance ; (3) the three squares of a right-

angled triangle (i.e., " Euc.,' i. 47). The subject requires

only three lectures, each of an hour's duration. Amongst
the subjects for measurement are the accessible, the in-

accessible, and the incalculable (/.t'., those which depend
upon the circle). There is much that is good in this book,
though in its present form it is overweighted with a mass
of extraneous matter. By aid of the prettily-coloured

figures (there are models, also, we aie told, to accompany
the book) a considerable kno.vledge of mensuration, we
think, might be imparted even to dull boys. We could
take exception to the translation in many places.

LETTERS TO THE EDITOR
\The Editor does 710I hold himselfresponsible for opinions expressed

by his correspondents. Neither can he undertake to return,

or to correspond with the writers of, rejected manuscripts.
No notice is taken of anonymous communications.

The Editor urgently requests correspondents to keep their letters as

short as possible. The pressure on his space is so great that it

is impossible otherwise to ensure the appearance even of com-
munications containing interesting aiid novel facts. ]

Museum Reform

"J. P." suggests, under tlie head of " IVIuseum Reform"
(vol. xvi. p. 1S3), the idea of a conference of museum keepers,
out of which a permanent union among museum officers miglit

result. I am of opinion thai this idea is an excellent one, and
that the administration of the museums of all countries would
gain a great deal if an opportunity to museum officers were
offered to interchange their opinions and to communicate tu

each other their different practical experiences. Perhaps some
arrangements and rules might generally be accepted, as, e.g.,

to labelling specimens, exchanging duplicates, publishing annual
reports in a journal ad hoc, &c. A. B. Meyer
Dresden, July 9

Koenig's Tuning-Forks

Tllic letter of Ilerr Koenig inserted in Nature (vol. xvi.

p. 162) did not come under my notice till July 8. On October 27
last year I counted all the 64 sets of beats in Ilerr Appuim's
tonometer, one through 15, the rest through 20 seconds with a
pocket chronometer which was gaining less than 4 seconds a day,
and found every set of beats perfectly true. The perfection of the
consonances, more than So of which I tested laechanically, by
observing the beats that arose on flattening one of the two con-

sonant notes, seemed to me to eliminate all possible error of

irregular counting. The suggestion novsr is that the beats were
perfectly rej;ular and uniform, and that no exception need be
taken to my counting, but that Ilerr Appunn's pendulum was
originally incorrect, to such an extent that what appeared to him
So beats in 20 seconds, were only 79'27, andthatmy chronometer
was not sufficient to detect the error. If this were the case al!

the numbers on Herr Appunn's tonometer would have to Le
reduced by as nearly as possible 9 in 1,000, which would make
them agree with Ilerr Koenig's. I shall therefore have to re-test

the tonometer with a larger chronometer and if possible count
each set of beats for a longer time. I shall not be able to

undertake this examination at present, but I shall not neglect

doing so, and will inform you of the result. It is right, however,
to say that on July 9 and 10 I received communications from
Prof McLtod showing that his improved instrument for counting
vibrations gave results almost exactly agreeing with Herr Koenig's
numbers. The marked difference of Ilerr Appunn's and Ilerr

Koenig's numbers will I hope lead to such an examination of the

subject as will result in an accurate determination of pitch ihat

can be generally accepted. Alex.vnder J. Ellis
Kensington, July 11

P.S.— I have this morning received a letter from Herr
Appunp, in which he tells me that the letter of Prof. Helmholti,

quoted by Herr Koenig, was received eleven or twelve years ago,
and that the error of Herr Appimn's pendulum there pointed out
was corrected more than ten years ago. He also refers me to

pp. 46-7 of Prof W. Preyer's tract " Ueber die Grenzen der
Tonwahmehmung," Jena, 1876, in which, by a calculation there
detailed. Prof Preyer shows that the absolute pitch of two of
Ilerr Koenig's forks, which should have been 128 and 256, were
129-1 and 258-2 ; and says that "the determination is as exact
as possible, so that the first decimal place can be fully trusted."
I made another fork to be 2584, and I know by comparison of
several specimens that Koenig's forks do not always agree within
more than -2 vibrations. A. J. E.
July l6

On a Fish-sheltering Medusa

While collecting some three weeks since on the south shore
of Killary bay in Connemara, I observed that out of a number
of the common Aurelia aurita moving about in a rocky inlet

below me, one was invariably accompanied by a small fish, of
about an inch or an inch and a quarter in length, which had
established itself inside of the hemispherical disc.

Occasionally the Medusa turned in its pulsations, so as to
bring the umbrella ui.dermost, when the fish would shoot hastily

out, but the Medusa had no sooner righted itself, than the fish

returned, and seizing its opportunity, swam in between the
marginal tentacles, and close up to the fringes of the actinostome,
remaining distinctly visible through the pellucid disc.

I afterwards noticed several other Aurelia similarly attended, but
was not able, unfortunately, to identify the fish, which invariably
darted off at the most distant approach of a landing-net— it

appeared, however, so far as I could judge, to be the young ot

one of the larger species. Perhaps some of your readers could
contribute suggestions on that point.

Associations of a similar character have, I know, been fre-

quently observed in the case of the Phjrsalid;:e and other
Acalephae, but not, so far as I am aware, in connection with this

species. E. L.'vwless

The Earth and Moon
I HAVE only now (July 12) noticed Prof Tail's remark respecting

a sentence, or rather half a sentence, which he quotes from an
article of mine in the Cornhill Magazine for June. It runs thus :

'•What mathematicians call the moving force exerted by the
earth on the moon is eighty-one times greater than the
corresponding force exerted by the moon on the earth" This
admits of an interpretation implying gross ignorance on my part
—ignorance, viz., of the fact that the moon pulls the earth just

as strongly as the earth pulls the mo«n It also admits of an
interpretation accordant with fact, for the moving force exerted
by the earth on each unit of mass in the moon is eighty-one
times greater than the corresponding force exerted by the
moon on each unit of mass in the earth. I do not think
anyone is likely to believe that I made the mistake imputed to
me by Prof Tail, in this instance, any more than that I made
an equally absurd blunder which he attributed to me in your
columns several months ago, or that he himself made the ludicrous
blunder attributed to him (in jest) by my humorous friend. Prof.

Nipher, of St. Louis. But as a mere matter of fact, I may point
out that the half-sentence quoted by him is completed by a half
sentence leaving no doubt as to my real meaning, and is

immediately preceded by the statement that "the moon pulls

the earth just as strongly as the earth pulls the moon."
Lotdon, July 12 Richd. A. Proctor

Blue and Yellow Crocuses

Referring to Mr. W. B. Tegetmeier's letter in Nature,
vol. xvi. p. 163, I can say that I once had a pony born and bred
on Dartmoor, which had never seen oats until it came into my
father's stable in the fourth year of its age, and it refused them.
We induced it to eat oats by mixing them with hay and gradually
reducing the quantity of hay until the oats predominated.

Peczance, July 10 Thos. Cornish

Japanese Mirrors

More than eleven years ago, in February, 1866, I published

in The Reader (since extinct), a letter giving, I venture to think.
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a complete explanalion of the phenomena exhibited by certain

Japanese mirrors 'throvn h ? mistake as to their nationality I called

them Chinese) ; and ss your readers appear to be unacquainted
with this, perhaps I may be allowed to reproduce the substance
of my former letter. In order to ascertain whether any varia-

tions in the form of the surface of the mirror, which was very
slightly convex, affected the question, I looked for any distor-

tions that might be produced in the image of the ground-glass
globe of a gas lamp, as the point of incidence moved across that

portion of the polished surface on the back of which was a raised

figure. Let A and v, be two lines on the surface immediately
over the two edges of such a figure. Then as the limb of the
image approached A, it became flattened ; when it had passed a
it expanded to more than its original size ; indeed between A and
B the image was sensibly larger than when viewed from any other

part of the mirror. When the limb approached R it was again
flattened, and beyond r. it resumed its original dimensions.
This clearly proves that the portion of the surface of the mirror
between A and B was, if not actually plane, at least less convex
than the rest of the surface ; and as upon this supposition the

figures when thrown upon a screen should appear hrii;h(e)- than
the rest of the image, which is exactly what occurs in fact, there
can be no doubt that this is sufficient to account for the
peculiarity in question. In all probability the mirror had
warped in coolin?, except in the thicker portions where the
raised figures existed. J. Parnell
Hadham House, Upper Clapton, July 6

Printing and Calico Printing

Your correspondent, Mr. Henry Cecil, is under a singular
misapprehension as to the inventor of cylinder machine calico
printing, and the date of its first practical application. Mr. Isaac
Taylor was certainly not the originator of cylinder printing ; and
that art was developed long "before he, "in 1855 or 1856
superintended its application at Manchester." Mr. Taylor, it

is true, obtained several patents for inventions connected with
cylinder-printing—one, I think, for a form of pentograph, and
another for the use of thin sheet copper instead of thick cast
cylinders of that metal. These, so far as I know, never
-succeeded in practice, and it is highly probable they brought
their gifted inventor loss instead of gain ; but that result was
not due to "the inevitable compliment of piracy." Who the
inventor of cylinder printing was it would be hard definitely to
determine. Nearly a century and a half ago a patent was granted
for an invention which embodied the 'leading principles of the
modern machine, and from that time downwards the apparatus
gradually developed and perfected in the hands of innumerable
practical inventors.

The Writer of Calico Printing in the
"Encyclopedia Britannica"

LOCAL MUSEUMS

THE importance of local museums is gradually but
unmistakably forcing its ;lf upon the country. It

may take much time to foster any united action, without
which any definite progress is very improbable, but year
by year is adding to the ranks of those who are wise
enough to see and have influence enough to advocate
their value as a part of the educational stock-in-trade of
the nation. We rejoice to see that Mr. Chamberlain has
enrolled himself among their advocates in the House of
Commons. On Monday he drew attention to the fact
that the public expenditure for the promotion of science
and art was exclusively confined to London, Edinburgh,
and Dublin. The amount of the estimate this year, he
said, for museums, art galleries, and parks in the me-
tropolis amounted to nearly 400,000/., and that for
Edinburgh and Dublin to nearly 50,000/. To those sums
the provinces had to contribute twice over. Birmingham
contributed about 4,000/, and had to find about 8,000/.
a year besides for her own local art institutions. It

might be said with truth that a ntitional collection
should be placed in the metropolis at the expense of

the nation, but that argument did not apply to the
expenditure on the public parks and still less to that
which the Bethnal Green IVIuseum involved. He did
not complain of such expenditure. It produced most
admirable results, adding as it did to the pleasure
and happiness of great masses of the people, and tending
to elevate and refine their minds. It was, too, in some
sort a commercial investment, as it was calculated to

enable artisans the better to compete with those of other
nations. What he complained of was that the principle
had not been carried far enough. He was anxious to see
established in every one of our great centres of population
and industry museums devoted to art and manufactures
appropriate to each particular district. To show how
highly these institutions were appreciated in the provinces,
he mentioned that in Birmingham the local museum
which had been established by private subscriptions was
visited annually by 300,000 persons, and as the population
of the town was only 370,000, the attendance was
immensely greater than was shown by the returns of the
number of visitors to our metropolitan institutions.

Results equally extraordinary could be quoted from other
provincial towns in which such museums existed. He
further stated that although provincial communities were
at present legally able to tax themselves to the '.xtent of

\d. in the pound for the purpose of establishing museums
and libraries, in Birmingham all this money went to

the free library, and they had therefore no means of
establishing an industrial museum.
We are glad also to see that the Government is now

alive to the importance of this action, for, although Lord
Sandon in his reply begged that the matter might not be
pressed upon them at the present moment, he reminded
the House of the great advantage which the country
derived from the South Kensington Museum, which was
now, in fact, a gigantic circulating museum. Almost all

the principal objects in the museum, except those of
great rarity or delicacy, were sent on their travels at

different times through the provinces, and in this way
aid was already given to local museums. The country
derived enormous advantage from this vote. Local ex-

hibitions were frequent, and loans from the South
Kensington Museum for these exhibitions were very
numerous. Eight museums had these objects sent to

them, and a great deal had been done as the hon. gentle-

man wished. The South Kensington authorities were
anxious to follow that course, but he could not say
Avhether they would be able next year to do more in

that direction. Their hands were to some extent tied

by the necessity of economy, but the matter would
receive the best attention of the Government, and
he hoped that next session they might be able to go
further.

Of course, neither Mr. Chamberlain nor Dr. Lyon
Playfair allowed the subject to drop without pointing out
that the British Museum and the National Gallery had no
circulating system in operation, that in fact Lord Sandon
was quite justified in adopting that line of argument with
regard to the South Kensington authorities ; but that
many of the London galleries and museums were of no use
to the provinces. The Britisli Museum, for instance, and
the National Gallery were practically of no use except to

London, yet every one knew that they contained many
duplicates which would be most valuable to the provinces,
and the offer of some important pictures was sometimes
declined on behalf of the National Gallery. Nor was this

all. Dr. Playfair pointed out th.it in France the Minister
of Education was responsible for all the museums, and
constantly sent collections into the provinces ; but in

England, the management of the galleries was, so to

say, dislocated, and not under one authority or one
Minister. Why did he not go further and point out
the recommendation of the Duke of Devonshire's Com-
mission ?



July 19, 1877] NA rURE 229

THE VELOCITY OF LIGHT'

THE correct determination of the velocity of light is a
result on which so much in physical science depends

that there is good reason for us to give a description of

the details of the apparatus used for the purpose of ob-

taining the exact value. Until the time that M. Cornu
undertook experiments with this object in view the gene-
rally received value of the velocity in question was 298,000
kilometres per second. This depended on the experi-

ments of M. Foucault, who used a rotating mirror on
which the rays of light from cross-wires fell, and while
the minor was in a certain position were reflected by it

to a concave mirror at a distance of 13 J feet, having the

revolving mirror at its centre of curvature and so fixed as

to return the rays of light to the latter, which reflected

them to the point of departure. While however the

rotating mirror was in rapid motion, a ray of light re-

flected by it to the distant mirror and back from it,

would not, unless the passage of light were instantaneous,

reach the rotating mirror until the latter had moved from
its position of first reflection, and would not therefore

return to the point of departure, but to some point near
it, depending on the angle through which the rotating

mirror had moved in the time between its reflecting the
ray to the concave mirror and the return of that ray. By
placing the cross-wires in the principal focus of a convex
lens the rays proceed in a parallel beam, and on returning

form an image of the wires, removed from the wires them-
selves, a distance depending on the angular velocity of

the mirror and the velocity of light. The cross-wires and
their images are rendered visible by viewing them by
means of a diagonal reflector of plain glass in front, which
at the same time allows sufficient light to pass through to

illuminate them.'-*

In 1S49 iVI. Fizeau devised a method differing from
that just described by which he measured the time a ray
took to travel from Suresnes to Montmartre and back.
The apparatus consisted of a toothed wheel which could
be rotated with a known velocity, and having the teeth
and intervals equal in size. A pencil of rays was sent

through the interval between two teeth to a reflector

at Montmartre 28,334 feet distant, which caused the
ray to return on itself. So long as the wheel is at rest

and the rays pass through an interval, they will be returned
through that same interval, but when the wheel turns with
sufficient velocity a tooth takes the place of an interval

before the ray has time to return from Montmartre and
get through, and is therefore interrupted. Uy rotating this

wheel faster the next interval will take the place of the
preceding one on the return of the ray, which will again
get through, and so on passing and being interrupted as
the velocity of rotation increases.

It is obvious, then, that if we know the number of teeth
on the wheel and the number of turns per second, say at

the instant of reappearance of the spot of light after a dis-

appearance, we shall know the interval between the pass-
ing away of the ray by the edge of one tooth to its return
by the correspondmg edge of the next ; and this is the time
the ray has taken to traverse the distance to the reflecting

station and back, and from this the velocity of light follows.

From these experiments M. Fizeau obtained a velocity

of 315,000 kilometres = 196.000 miles per second.
At that time the velocity of light deduced from the

observations of eclipses of Jupiter's satellites, combined
with the then accepted solar parallax, was 190,000 miles
per second, cloiely agreeing with M. Fizeau's result

;

1 Iter determinations of solar parallax have given a smaller
result than former ones, and consequently the velocity

' " Determination de la Vitesse de ]a Lumiere d'apres des Expe'riences
executes en 1874. en're I'Observatoire et Montlhery." Par M. A. Cornu.
(Par.s: Gauthier V.llars, 1876)

= From the experiments of M Foucault in iS52 a velocity of 298,000 kilo-
metres = 185,157 miles per second was deduced.

of light deduced therefrom becomes reduced, which again
closely agrees with M. Foucault's direct determination.

In the year 1874 Ae Council of the Paris Observatory,
on the proposition of M. Leverrier and M. Fizeau, de-
cided on the execution of experiments for the direct deter-
mination of the velocity of light, and offered the use of
the scientific apparatus at the observatory for the purpose,
together with funds for the construction of the necessary
instruments To M. Cornu was entrusted the execution of
the operations ; and after due consideration and experi-

mental comparison, he adopted the method of M. Fizeau
in preference to the revolving mirror of M. Foucault. A
preliminary series of experiments were carried out in 1871
and 1872, between the Ecole Polytechnique and Mont
Valdrien, a distance of 10,310 meters, giving a result of

185,370 miles per second as the velocity of light, with a
probable error of less than i^ij. M. Cornu then com-
menced more careful experiments between the Observatory
and the Tour de Montlhery, a distance of 22,910 metres.
The principle of M. Cornu's arrangement we have
already described, it being the same as that of M.
Fizeau, but the details of the apparatus are somewhat
elaborate, and in his Memoir occupy seven large sheets of
plates ; we can, however, to a certain extent describe them.
Rays of light from a highly luminous source issuing from
a small hole in a diaphragm, pass through a convex lens,

and after reflection at an angle of 45 from the surface

of a plain piece of glass, are brought to a focus at the

circumference of the toothed wheel; the light then traverses

an object-glass of fourteen inches diameter, and the

parallel rays travel to the reflecting station ; here they are
received by an object-glass of six-inch aperture, and about
six feet focal length, a: the principal focus of which is a
reflecting mirror of silvered glass. From this mirror the

rays are returned to the toothed wheel, where an image
is formed coinciding with the original image of the hole

in the illuminated diaphragm, the rays if not inter-

cepted by a tooth, pass onwards, and the greater part of

them traverse the diagonal reflector of plain glass

and an eyepiece beyond, through which the image
formed by reflection from the distant station is viewed.

So far we have given an outline of the optical part of the

apparatus as well as we can without the use of the drawings
by which the details can only be made intelligible. We
next come to the toothed wheel, and here certain condi-

tions must bs fulfilled : first a velocity of rotation must
be obtained capable of admitting a considerable number
of orders of extinction ; secondly, the motive power must
be such that the observer can easily control the velocity

of the wheel ; thirdly, there must be a means of recording

the velocity at any instant of time. The motive power is

a weight which drives a train of wheels which rotate the

toothed wheel, the latter being constructed of aluminium
from -^ to yV millimetre in thickness ; wheels of different

diameters were used varying from 35 to 48 millimetres.

The velocity is recorded on the surface of smoked paper

on a roller of about one metre in circumference and half

a metre in length, turning on a horizontal axis. The
records are made by the action of electro-magnets on
light tracers pressing against the surface of the smoked
paper. The velocity of the cyHnder carrying the paper

is such that a line 20 mm. is traced in a second, and
during each revolution the tracers are moved on hori-

zontally 15 mm. One of the tracers is put into

action at every second by electric communication with

a standard clock ; a second is put into action at

every yij second by a trembler governed by the pendulum
of the clock ; the third moves at each fortieth or four

hundredth revolution of the toothed wheel, and the fourth

is under the control of the observer. Each of the four

tracers is continually in contact with the smoked surface

of the paper, and so long as it is not moved sidewise by

the electro-magnet, traces a continuous line round the

cylinder, but on the passing of a current round the

N 2
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electro- magnet, the tracer makes a short mark at right

angles to line, and a zig-zag line caused by the vibra-

tion of the tracer, back to its original position ; the first

two lines, therefore, show seconds and tenths of seconds,

the third, the instants of completion of forty or 400
levolu'ions, according to the desire of the operator, of the

toothed wheel ; a comparison, therefore, at once gives the

number of revoluiions per second, while on the fourth

line are marked the instants of disappearance or reap-

pearance of the light, and the velocities at those instants

are then at once known. To make an experiinent the

aperture in the diaphragm is illuminated by a lime-light

or sometimes with sunlight by means of a heliostat. The
necessary adjustments in the direction of the rays of light

to the disiant station are then made by bringing the

distant collimator into the centre of the field of the ob-

serving apparatus, and the point of light— the luminous

tcho— is made to accurately coincide with its original at

-P:ao of M. Fiz Apparatu

the circumference of the toothed wheel. Particulars of
the experiment, as to number of teeth of wheel, diiection

of rotation, &c., are entered on the paper on the cylinder,

and the latter is then set in motion ; the observer then
sets the toothed wheel going and watches the luminous
echo, and on its disappearing touches a key which sends
an electric current to the electro-magnet controlling the
fourth tracer, which therefore registers the instant the
velocity is sufficient to cause a disappearance. As the
velocity of the wheel increases, the luminous echo again ap-
pears and the key is pressed ; a further increase in velocity

causes another disappearance and so on to the higher
orders, each of which is registered. The velocities at the
different instants are read off by a micrometer to ^ Jj of a
second.

It is obvious that the state of the air must have a great
effect on the definition of the luminous echo, and that
although the observation appears extremely simple still

there may be large errors due to irregular refraction of

the air, causing a motion of the point of light, and a large

amount of patience must be required. Two carelul

surveys showed the distance between the two stations to

be 2290977 metres, and the mean velocity obtained from
a large number of observations after the various correc-

tions were made was 300,400 metres per second of mean
time.

The Memoir of M. Cornu contains a large amount of

theoretical matter and formula: of corrections which of

course we cannot reproduce here.

We may, however, refer to the principal causes of error.

The first is a personal error depending on the sensibility

of the eye of the observer in determining the disappear-

ance and reappearance of the light at the toothed wheel,

and also depending on the intensity of the luminous
source ; secondly, accidental inequality in the size of the

teeth of the wheel ; thirdly, irregularity of motion
;

fourthly, excentricity of wheels ; fifthly, optical errors due
to imperfections in the adjustment of the lenses and re-

flector. The first of these is small and can theoretically

be reduced indefinitely by increasing the velocity of the

Fig. 2. -Details of Tooilieu Wheel,

toothed wheel and thereby observing the higher orders of

extinction and reappearance of the light, but M. Cornu
1 desires to be rigorously exact, and therefore the effect of

this and the other errors is carefully calculated.

I
Considerable care was exercised in the choice of sta-

tions, and those adopted were fixed upon chiefly on ac-

count of the distance between them being more easily

ascertained from previous triangidation. This distance
i was determined by Cassini and La Caille in 1740, the

: result being 229io'ig6 metres. From the observations of

j
Delambre the same distance was computed to be 22909'34
metres ; and 22910 metres, which is nearly the mean

;

adopted by M. Cornu.
The corrected results of the experiments gave a velocity

' of 300,350 kilometres a second, but this was obtained in

I
air, and therefore 82 kilometres must be added to this

1 result to give the velocity in vacuo ; and as the result of

I

his experiments M. Cornu adopts a velocity in vacuo of
' 300,400 kilometres = 186,638 miles per second of mean
I

time, with a probable error of i Asi or 300 kilometres.

j

If from this value we deduce the solar parallax, we find
' the latter to be 8"88r, assuming the time required for light

' to travel from the sun to us to be Cm. i3'2 sec, as obtained
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from observations on Jupiter's satellites, and the radius of

the earth 6378'233 kilometres.

Again, the sun's parallax deduced from M. Comu's
values of the velocity of light in conjunction with the

value of aberration is, with Bradley's estimate of 2o""25,

8"-8S2, and with Struve's, of 2o"-445, 8"798. These values

of parallax compare favourably with determination by
other methods, of which we give a few examples. The
value given by the transits of Venus in 1761 and 1769
was 8"'5776 computed by Encke, but increased to 8"-89i

by Mr. Stone on a redetermination. By the record of an
observation of the occultation of '^r.^ Aquarii on October
I, 1672, M. Leverrier obtained 8"'S66 ; by meridian obser-

vations of Mars at Greenwich iu 1862, 8"932 ; by the

latitude of Venus obtained from transits of 1 761 and 1769,
combined with present latitudes, ;\I. Leverrier finds 8"853

;

from the discussion of meridional observations of Venus
fn an interval of 106 years S" 859 ; by the opposition of
Mars in i860 by M. Liais 8"76o ; by opposition of Flora
in 1873 by Prof. Galle 8"S73. Judging from these results

the velocity of 186,638 miles per second is not very far

from the mark, and the care in selection of methods and
in computing results can scarcely be surpassed.

G. M. S.

EVOLUTION OF NERVES AND NERVO-
SYSTEMS'-

"\T ERVE-TISSUE universally consists of two elemen-
--^ tary structures, viz., very minute nerve-cells and
very minute nerve-iibres. The nerve-fibres proceed to

and from the nerve-cells, thus serving to unite the cells

with one another, and also with distant parts of the

animal body. Moreover, nerve-cells and fibres, wherever
we meet with them, present very much the same appear-
ances. Here, for instance, is a sketch of highly magni-
fied nerve-tissue as we find it in the human brain, and
here is one of my own drawings of nerve-tissue as I have
found it in the jelly-fish ; and you see how similar the
drawings are—notwithstanding they are taken from the
extreme limits of the animal kingdom within which nerve-
tissue is known to occur.

Nerve-cells are usually found collected together in

aggregates which are called nerve-centres or ganglia,

to and from which large bundles of nerve-fibres come
and go. These large bundles of nerve- fibres are whr.t we
see with the naked eye as nerves, permeating the body in

all directions. When such a bundle of nerve-fibres

reaches a ganglion, or collection of nerve-cells, it splits

up like the end of a rope which has been teased out, and
the constituent fibres pass into and out of the nerve-cells,

so interlacing with one another in all directions, as here
diagrammatically represented. More true to nature is

this diagram, which represents a magnified section of

human brain—the human brain being itself nothing more
than a collection of very large ganglia.

To explain \.'he funtlioH of nerve-cells and nerve-fibres,

I must begin by explaining what physiologists mean by the

word " excitability." Suppose this to represent a muscle
cut from the body of a freshly-killed animal. So long as
jou do not inteifere with it in any way, so long will it

remain quite passive. But every time you stimulate it

either with a pinch, a burn, or, as represented in the dia-

gram, with an electrical shock, the muscle will give a

single contraction in response to every stimulation. Now
it is this readiness of organic tissues to respond to a
stimulus that physiologists designate by the term ex-

citability.

Nerves, no less than muscles, present the property of

being excitable. Suppose, for instance, that this is an-
other muscle prepared in the same way as the last one,

except that together with the muscle there is cut out the

Abstract of a Lecture delivered at the Royal Inslilu'icn on Friday
evening, May 25, 1877. By George J. Roman;s, M.A., F.L.S., &c.

attached nerve. Every time you pinch, burn, or electrify

any part of the nerve, the muscle will contract. But you
will carefully observe there is this great difference between
these two cases of response on the part of the muscle

;

viz., that while in the former case the muscle responded
to a stimulus applitd directly to its own substance, in the
latter case the muscle responded to a stimulus applied at
a distance prom its own substance, which stimulus was
then conducted \.o the muscle by the nerve. And here we
perceive the characteristic function of nerve-fibres, viz.,

that of conducting stimuli to a distance. This is the
function of nerve-yf/'/rj- ; but the function of nerve- rc'/Zj- is

different, viz , that of accumulating nervous energy, and
at fitting times of discharging this energy into the
attached nerve-fibres. The nervous energy when thus dis-

charged from the nerve-cells acts as a stimulus to the nerve-
fibre ; so that if a muscle is attached to the end of the
fibre it contracts on receiving this stimulus. I may add
that when nerve-cells are collected into ganglia they often
appear to discharge their energy spontaneously, without
any observable stimulus to cause the discharge ; so that in

all but the lowest animals, whenever we meet with appa-
rently spontaneous action, we infer that ganglia are pro-
bably present. But the point which most of all I desire you
to keep well in mind this evening is the distinction which
I here draw between muscle and nerve. A stimulus ap-
plied to a nerveless muscle can only course through the
muscle by giving rise to a visible wave of contraction,
which spreads in all directions from the seat of stimulation
as from a centre. A nerve, on the other hand, conducts
the stimulus without undergoing any change of shape.
Now in order not to forget this all-important distinction,

I shall always to-night speak of muscle as conducting a
visible wave oi contraction, and of nerve as conducting
an invisible or molecular wave of stimulation. Nerve-
fibres, then, are functionally distinguished from muscle-
fibres—and also, I may add, from protoplasm—by
displaying the property of conducting invisible or molecu-
lar waves of stimulation from one part of an organism to

another—so establishing physiological continuity between
such parts without the necessary passage of contractile

waves.
I will now conclude all that it is necessary to say about

the function of nervous tissue by describing the me-
chanism of reflex action. Suppose this to represent any
peripheral structure, such as a part of the skin of some
animal, this a collection of nerve- cells or ganglion, and
this a muscle. The part of the skin represented is united
to the nerve-cells composing the ganglion by means of

this in-coming nerve-trunk, while the nerve-cells in

the ganglion are united to the muscle by means of this

out-going nerve-trunk. Therefore when any stimulus
falls on the skin where this in-coming nerve-trunk takes
its origin, the nerve-trunk conveys the stimulus to the

nerve-cells in the ganglion. When the nerve-cells receive

the stimulus they liberate one of their characteristic dis-

charges of nervous energy, which discharge then passes
down this out-going nerve and so causes the muscle to

contract. Now this particular kind of response is called

response by reflex action, because the stimulus wave does
not pass in a straight line from the seat of stimulation to

the muscle, but passes in the first instance to the gan-
glion, and is from it replected to the muscle. This, at first

sight, appears to be a roundabout sort of a process, but
in reality it is the most economic process available ; for

we must remember the enormous number and complexity
of the stimuli to which every animal is more or less

exposed, and the consequent necessity that arises in

the case of highly organised animals of there being
some organised system whereby these stimuli shall be
suitably responded to. Or, to adopt a happy illustration

of Prof. Bain, the stimuli are systematised on the same
principle as the circulation of letters by post is system-

atised ; for just as in the case of the letters there is no
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direct communication between one street and another, but

every letter passes first to the central office ; so the trans-

mission of stimuli from one member of the body to

another is effected exclusively through a centre or

ganglion.

Those among you who are acquainted with Mr.

Herbert Spencer's writings are doubtless well aware how
strong a case he makes out in favour of his theory re-

specting the genesis of nerves. This theory, you will

remember, is that which supposes incipient conductile

tissues, or rudimentary nerve-fibres, to be difierentiated

from the surrounding contractile tissues, or homogeneous
protoplasm, by a process of integration which is due
simply to use. Thus, beginning with the case of undif-

ferentiated protoplasm, Mr. Spencer starts from the fact

that every portion of the colloidal mass is equally excit-

able and equally contractile. But soon after protoplasm

begins to assume definite shapes, recognised by us as

specific forms of life, some of its parts arc habitually

exposed to the action of forces different from those to

which other of its parts are exposed. Consequently, as

protoplasm continues to assume more and mora varied

forms, in some cases it must happen that parts thus

peculiarly situated with reference to external forces will be
more frequently stimulated to contract than are other

parts of the mass. Now in such cases the relative frequency

with which waves of stimulation radiate from the more
exposed parts, will probably have the effect of creating a

sort of polar arrangement of the protoplasmic molecules

lying in the lines through which these waves pass, and for

other reasons also will tend ever more and more to con-

vert these lines into passages offering less and less resist-

ance to the flow of such molecular waves— z>., waves of

stimulation as distinguished from waves of contraction.

And lastly, when lines offering a comparatively low resist-

ance to the passage of molecular impulses have thus been
organically established, they must then continue to grow
more and more definite by constant use, until eventually

they become the habitual channels of communication be-

tween the parts of the contractile mass through which
they pass. Thus, for instance, if such a line has been
established between the points A and B of a contractile

mass of protoplasm, when a stimulus falls upon A a mole-
cular wave of stimulation will course through that line to

B, so causing the tissue at B to contract— and this even
though no contractile wave has passed through the tissue

from A to B. Such is a very meagre epitome o! Mr.
Spencer's theory, the most vivid conception of which may
perhaps be conveyed in a few words by employing his

own illustration—viz., that just as water continually

widens and deepens the channels through which it flows,

so molecular v.'aves of the kmd we are considering, by
always flowing in the same tissue tracts, tend ever more
and more to e.\cavate for themselves functionally dif-

ferentiated lines of passage. When such a line of pas-

sage becomes fully developed, it is a nerve-fibre, distin-

guishable as such by the histologist ; but before it arrives

at this its completed stage

—

i.e., before it is observable
as a distinct structure—Mr. Spencer calls it a " line of

discharge"
Such being the theory,'! will endeavour to show how it

is substantiated by facts. And here it becomes neces-

sary to refer to my own work. You are all, I suppose,
acquainted with the general appearance of a Medusa, or
jelly-tish. The animal presents the general form of a
mushroom. The organ which occupies the same position

as the stalk does in the mushroom is the mouth and
stomach of the Medusa, and is called the polypite ; while
the organ which resembles in shape the dome of the
mushroom constitutes the main bulk of the animal, and
is called the swimmiiig-bell. Both the polypite and the
swirining-bell are almost entirely composed of a thick
trans^arejit and non-i;oritraclile jelly ; but the whole sur-

face o( the polypite, and the whole concave surface of the

bell, are overlaid by a thin layer or sheet of contractile

tissue. This tissue is not exactly protoplasm and not

exactly muscle, but something between the two. It con-

stitutes the earliest appearance in the animal kingdom of

anything resembling muscular tissue. The thickness of

this continuous layer of incipient muscle is pretty uniform,

and is nowhere greater than that of very thin paper. The
margin of the bell supports a series of highly contractile

tentacles, and also another series of bodies which are of

great importance for us to-night. These are the so-called

marginal bodies, which are here represented, but the

structure of which I need not describe. Lastly, it may
not be superfluous to add that all the Medusa; are loco-

motive. The mechanism of their locomotion is very

simple, consisting merely of an alternate contraction and
relaxation of the entire muscular sheet which lines the

cavity of the bell. At each contraction of this muscular

sheet, the gelatinous walls of the bell are drawn togethei ;

the capacity of the bell being thus diminished, water is

ejected from the open mouth of the bell backwards, and
the consequent reaction propels the animal forwards. In

these swimming movements systole and diastole follow

one another with as perfect a rhythm as they do in the

beating of a heart.

The question as to whether the Medusas possess a

nervous system is a question which has long occupied the

more or less arduous labours of many naturalists. Until

Fiff.l

Iately,'however, there has been so little certainty on the

subject that Prof. Huxley—himself one of the greatest

authorities on the group—thus defined the standing of

the question in his " Classification of the Animal King-
dom :

" " No nervous system has yet been discovered

in any of these animals." The cause of this uncer-

tainty is to be found in the fact that the transparent

and deliquescent nature of the tissues of the Medusje
renders adequate microscopical observation in their

case a matter of extreme difficulty ; so much so that,

looking to the quantity and quality of the labour which
has been bestowed on the question, I doubt whether the

latter would ever have been satisfactorily settled by the

histological methods alone. But those of you who were
present at my lecture last year will no doubt remember
that by employing methods other than the histological, I

was able to set this long-standing question finally at rest.

For you will no doubt remember my having told you that

on merely cutting off the extreme marginal rim of the

bell I was surprised to find that the previously active

motions of the animal suddenly and entirely ceased ;

the paralysis caused by this simple operation was instan-

taneous, enduring, and complete. On the other hand,

you may remember, the severed margin which had just

been taken from the suimming-bell invariably continued

its rhythmical motions with a vigour and a pertinacity

not in the least impaired by its severance from the main
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organism. For hours, and even for days after the opera-
tion, these motions persisted ; so that the contrast between
the death-like quiescence of the mutilated swimming-
bell and the active contractions of the thread-like portion
which had just been removed from its margin, was a con-
trast as striking as it is possible to conceive.
These experiments, then, conclusively proved that in

the marginal rim of the Meduss; there is situated an in-

tensely localised system of nervous centres, or ganglia,
to the functional activity of which the rhythmical motions
of the swimming-bell are exclusively due.

{To be continued.)

ON ELEMENTARY INSTRUCTION IN
PHYSIOLOGY^

'T^HE chief ground upon which I venture to recommend
-* that the teaching of elementary physiology should
form an essential part of any organised course of instruc-
tion in matters pertaining to domestic economy, is that a
knowledge of even the elements of this subject supplies
those conceptions of the constitution and mode of action
of the living body and of the nature of health and disease,
which prepare the mind to receive instruction from sanitary
science.

It is, I think, eminently desirable that the hygienist and
the physician should find something in the public mind
to which they can appeal ; some little stock of universally
acknowledged truths, which may serve as a foundation for

their warnings, and predispose towards an intelligent

obedience to their recommendations.
Listening to ordinary talk about health, disease, and

death, one is often led to entertain a doubt whether the
speakers believe that the course of natural causation runs
as smoothly in the human body as elsewhere. Indications
are too often obvious of a strong, though perhaps an un-
avowed and half unconscious, undercurrent of opinion
that the plienomena of life are not only widely different
in their superficial characters and in their practical
importance, from other natural events ; but that they do
not follow m that definite order which characterises the
succession of all other occurrences, and the statement of
which we call a law of nature.

Hence, I think, arises the want of heartiness of belief
in the value of knowledge respecting the laws of health
and disease, and of the foresight and care to which know-
ledge is the essential preliminary, which is so often
noticeable ; and a corresponding laxity and carelessness
in practice, the results of which are too frequently
lamentable.

It is said that, among the many religious sects of
Russia, there is one which holds that all disease is

brought about by the direct and special interference of
the Ueity, and which, therefore, looks with repugnance
upon both preventive and curative measures, as alike

blasphemous interferences with the will of God. Among
ourielves, the " Peculiar People " are, 1 believe, the only
persons who hold the like doctrine in its integrity, and
carry it out with logical rigour. But many of us are old
enough to recollect that the administration of chloroform
in assuagement of the pangs of childbirlh was, at its

introduction, strenuously resisted upon similar grounds.
1 am not sure that the feeling, of which the doctrine to

which I have referred is the full expression, docs not lie at

the bottom of the minds of a great many people who would
yet vigorously object to give a verbal assent to the doctrine
itself. However this may be, the main point is that
sufficient knowledge has now been acquired of vital

phenomena to justify the assertion that the notion that

there is anything exceptional about these phenomena
receives not a particle of support from any known fact.

the Domeslic Economy Congress, by Prof. Hu.xicy,

On the contrary, there is a vast and an increasing mass
of evidence that birth and death, health and disease, are
as much parts of the ordinary stream of events as the
rising and setting of the sun, or the changes of the moon

;

and that the living body is a mechanism the proper work-
ing of which we term health ; its disturbance, disease

;

its stoppage, death. The activity of this mechanism is

dependent upon many and complicated conditions, some
of which are hopelessly beyond our control, while others
are readily accessible and are capable of being indefinitely
modified by our own actions. The business of the hy-
gienist and of the physician is to know the range of these
modifiable conditions, and how to influence them towards
the maintenance of health and the prolongation of life

;

the business of the general public is to give an intelligent
assent and a ready obedience based upon that assent, to
the rules laid down for their guidance by such experts.
But an intelligent assent is an assent based upon know-
ledge, and the knowledge which is here in question means
an acquaintance with the elements of physiology.

It is not difficult to acquire such knowledge. What is

true, to a certain extent, of all the physical sciences, is

eminently charact-^ristic of physiology—the difficulty of
the subject begins beyond the stage of elementary know-
ledge, and increases with every stage of progress. While
the most highly trained and best furnished intellect may
find all its resources insufficient when it strives to reach
the heights and penetrate into the depths of the problems
of physiology, the elementary and fundamental truths can
be made clear to a child.

No one can have any difficulty in comprehending the
mechanism of circulation or respiration, or the general
mode of operation of the organ of vision ; though the
unravelling of all the minutiae of these processes may,
for the present, baffle the conjoined attacks of the most
accomplished physicists, chemi;ts, and mathematicians.
To know the anatomy of the human body, with even an
approximation to thoroughness, is the work of a life, but as
much as is needed for a sound comprehension of element-
ary physiological truths may be learned in a week.
A knowledge of the elements of physiology is not only

easy of acquirement, but it miy be made a real and
practical acquaintance with the facts, as far as it goes.
The subject of study is always at hand in oneself. The
principal constituents of the skeleton, and the changes of
form of contracting muscles, may be felt through one's
own skin. The beating of one's heart, and its connection
with the pulse may be noted ; the influence of the valves
of one's own veins may be shown ; the movements of

respiration may be observed ; while the wonderful pheno-
mena of sensation afford an endless field for curious and
interesting self-study. The prick of a needle will yield, in

a drop of one's own blood, material for microscopic
observation of phenomena which lie at the foundation of
all biological conceptions ; and a cold, with its concomitant
coughing and sneezing, may prove the sweet uses of
adversity by helping one to a clear conception of what is

meant by " reflex action."

Of course, there is a limit to this physiological self-

examination. But there is so close a solidarity between
ourselves and our poor relations of the animal world, that
our inaccessible inward parts may be supplemented by
their.-. A comparative anatomist knows that a sheep's
heart and lungs, or eye, must not be confounded with
those of a man ; but so far as the comprehension of the
elementary facts of the physiology of circulation and of
respiration and of vision goes, the one furnishes the
needful anatomical data as well as the other.

Thus, it is quite possible to give instruction in elemen-
tary physiology in such a manner as not only to confer
knowledge, which, for the reason I have mentioned, is

useful in itself ; but to serve the purposes of a training in

accurate observation, and in the methods of reasoning of

physical science. But that is an advantage which I
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mention only incidentally as the present conference does
not deal with education in the ordinary sense of the word.

It will not be suspected that I wish to make physio-
logists of all the world. It would be as reasonable to
accuse an advocate of the " three R's " of a desire to make
an orator, an author, and a mathematician of everybody.
A stumbling reader, a pot-hook writer, and an arith-
metician who has not got beyond the rule of three, is not
a person of brilliant acquirements ; but the difference
between such a member of society and one who cannot
either read, write, or cipher is almost inexpressible ; and
no one nowadays doubts the value of instruction, even if

it goes no further.

The saying that a little knowledge is a dangerous thing
is, to my mind, a very dangerous adage. If knowledge
is real and genuine, I do not believe that it is other than
a very valuable possession, However infinitesimal its

quantity may be. Indeed, if a little knowledge is

dangerous, where is the man who has so much as to be
out of danger .''

If William Harvey's life-long labours had revealed to
him a tenth part of what may be made sound and real
knowledge to our boys and girls—he would not only have
been what he was, the greatest physiologist of his age,
but he would have loomed upon the seventeenth century
as a sort of intellectual portent. Our little knowledge
would have. been to him a great, astounding, unlooked-for
vision of scientific truth.

I reaUy see no harm which can come of giving our
children a little knowledge of physiology. But then, as I

have said, the instruction must be real, based upon ob-
servation, eked out by good explanatory diagrams and
models, and conveyed by a teacher whose knowledge has
been acquired by study of the facts, and not the mere
catechismal parrot-work which too often usurps the place
of elementary teaching.

It is, I hope, unnecessary for me to give a formal
contradiction to the silly fiction, which is assiduously
circulated by fanatics who not only ought to know, but
do know, that their assertions are untrue, that I have
advocated the introduction of that experimental discipline
which is absolutely indispensable to the professed physio-
logist, into elementary teaching.

But while 1 should object to any experimentation which
can justly be called painful, for the purpose of elementary
instruction, and while, as a member of a late Royal
Commission, I gladly did my best to prevent the infliction

of needless pain for any purpose, I think it is my duty
to take this opportunity of expressing my regret at a
condition of the law which permits a boy to troll for pike,
or set lines, with live frog bait, for idle amusement ; and,
at the same time, lays the teacher of that boy open to
the penalty of fine and imprisonment if he uses the same
animal for the purpose of e.xhibiting one of the most
beautiful and instructive of physiological spectacles, the
circulation in the web of the foot. No one could under-
take to affirm that a frog is not inconvenienced by being
wrapped up in a wet rag, and having his toes tied out

;

and it cannot be denied that inconvenience is a sort of
pain. But you must not inflict the least pain on a
vertebrated animal for scientific purposes (though you
may do a good deal in that way for gain or for sport)
without due licence of the Secretary of State for the
Home Department, granted under the authority of the
Vivisection Act.

So it comes about, that in this present year of grace
1877, two persons may be charged with cruelty to animals.
One has impaled a frog, and suffered the creature to
writhe about in that condition for hours ; the other has
pained the animal no more than one of us would be
pained by tying strings round his fingers, and keeping
him in the position of a hydropathic patient. The first

offender says, " I did it because I find fishing very
amusing," and the magistrate bids him depart in jjeace

;

nay, probably wishes him good sport. The second pleads,
" I wanted to impress a scientific truth, with a distinct-

ness attainable in no other way, on the minds of my
scholars," and the magistrate fines him five pounds.

I cannot but think that this is an anomalous and not
wholly creditable state of things.

OUR ASTRONOMICAL COLUMN
D'Arrest's Comet.— M. Leverrier notifies the dis-

covery of the periodical comet of D'Arrest by M. Coggia
at Marseilles, on the 8th inst., nearly in the position
assigned by M. Leveau's calculations. It was also
detected at Florence by M. Tempei, on the 10th.
The comet was discovered by the late Prof. D'Arrest at

Leipsic on June 27, 1S51, and observed till October 6.

The elliptical character of the orbit was pointed out by
the discoverer early in August, and his conclusions were
verified by the calculations of Vogel and Villarceau
shortly afterwards, the latter astronomer commencing,
while the comet was yet under obsiivation, a series of
elaborate computations of the effect of planetary per-
turbations upon its motion, which were continued by him
until taken up by Leveau. With the aid of Villarceau's
ephemerides the comet was detected on its ensuing return
to perihelion at the Royal Observatory, Cape of Good
Hope, and observed from December 5, 1S57, to January
18, 1858. Oudemans, in a memoir published loy the Royal
Academy of Sciences at Amsterdam in 1854, had also
carried forward the elemenls to this appearance, his results
indicating that while the normal positions of 1851 were
best represented by a mean motion which would bring the
comet to perihelion again on December 5, 1S57, there yet
remained an uncertainty to the extent of eighty-five days
in the length of the revolution. Villarceau, in the Comptcs
Rcndus dc PAcadcmie dcs Sciences, 1852, December 6,
considered the period fixed within narrower limits, one of
his sets of elements assigning November 28, 1857, for the
next perihelion passage, on which day the Cape observa-
tions show that it actually occurred. At the second return
in the spring of 1864 the comet was not observed, and a
very heavy work was involved in the preparation of an
ephemeris for 1870, owing to the large pfenurbations due
to the action of Jupiter in 1861, the comet having in April
of that year approached the planet within 0-36 of the
mean distance of the earth from the sun, and the two
bodies remaining in proximity for a considerable time

;

it was therefore necessary to determine the effect of this
near approach to the most powerful of the planets with
every possible precision, a long work successfully accom-
plished by Leveau, who found on continuing the calcula-
tion of the perturbations of Jupiier, Saturn, and Mars, to
June, 1870, the following material changes in the elements
at the perihelion passage in November, 1857.

Long, of Perihelion

,, Ascend. Node
Inclination ...

-432

+ I 43

Angle of Eccentricity - 1 52
Mean anomaly ... -|- 10 10
Mean motion ... — i;''82

So that the period of re"olution was lengthened sixty-
eight days, the comet arriving at perihelion on September
22, 1870. The effect of these perturbations was to alter
the geocentric place at this time, no less than ii4°'6 m
right ascension, and 7° 6 in declination. At all three
returns the comet has been a faint object, and it was
particularly so in 1870, when it was, nevertlieless,
sufficiently observed. Prof. Julius Schmidt, profiting by
his fiivourable position at Athens, to follow it until nearly
the end of the year.

The following are the dimensions of the orbit of
D'Arrest's comet in the present year, according to the
elements of Leveau.

Semi-axis major ... 354139 I Perihelion distance 1-31809
minor ... 275651 ApheHon „ ... S76469

Semi-parameter ,,. 2-14559 | Eccentricity . 0-627SU4S
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The period of revolution is 2434"2 days, or 6' 664 years,

therefore nearly identical with that of Biela's comet up to

1852. The comet passed its perihelion on May 10. It

will net arrive at its least distance from the earth until

October 20, but the theoretical intensity of light diminishes

from the present time, indeed has been on the decrease

since the middle of May ; the comet may be a test object

on the borders of the constellations Eridanus and Orion
in September and October.

It is probable that this comet had been revolving in its

present restricted orbit for many years previous to its

discoveiy in June, 1S51. It certainly does not furnish a
parallel case to that of Brorsen's comet, which was de-

tected at its first perihelion passage after the attraction of

the planet Jupiter had impressed upon it the actual form

of orbit in May 1842. The nearest approach of D'Arrest's

comet to Jupiter during the revolution immediately pre-

ceding discovery, took place at the end of September
1849, when the distance was ri36.

The Binary Star a Centai'ri.—Mr. Ellery com-
municates to the Royal Astronomical .Society recent

measures of this, the finest and most interesting of all

the revolving double-stars. Taking means the following

epochs result from the Melbourne measures :

—

187672 Position 51 •! Distance 4'3

1877-25 ,, 69-1 „ 3-13

Mr. IMaxwell Hall (Nature, vol. xv. p. 510) supplies the

following :

—

:877'I4 Position 64°'4 Distance 3"'3

Mr. Ellery state.s that the distance in 1S62 was 10", but
this must be an over-estimate with the meridian in-

strument ; a mean of seventy micromefrical measures by
Mr. Eyre B. Powell at Madras, gives for iS62'2, a
distance of only 6"79, a result no doubt entitled to great
confidence. The first minimum of distance appears to

have occurred in 1S56. Capt. Jacob's measures for i856'27
giving 3"'89, and a maximum of about 10' followed in

1868-70. It is to be hoped that the star will now be
frequently measured micrometrically with all possible
precision, though the brilliancy and closeness of the
components may render such measures difficult. A
practised computer should be able to throw some li^ht on
the real nature of the orbit from the data already in our
possession, but the continued regular measurement of the
star at this critical period cannot fail to be of great
importance in extending our know^ledge of the motion
in this system. The reliable estimate of its distance
resulting from the observations of Henderson, Maclear,
and Moesta, vastly increases the interest attaching to it.

GEOLOGICAL NOTES
Geological Survey of the United Kingdom.—

The gradual progress of the English and Scottish
Geological Surveys has brought the members of the two
corps almost within sight ot each other. The line of
demarcation between the two kingdoms being nearer the
base of operations from Scotland, has been sooner
reached from that side. From Berwick-on-Tweed south-
westwards the work has been carried up from the north
to the English border through the range of the Cheviot
Hills, and down the valley of Liddesdale to the Solway.
To prevent any subsequent risk of the lines from either

side not fitting accurately, the officers on the Scottish
border are at present engaged in running their boundaries
into Cumberland and Northumberland for such a short
distance as may be required to leave them in a position
where they can be easily taken up by the advanced guard
of the English Survey. When this and some few isolated

areas are completed, the whole of the south of Scotland
between the Tay and Clyde and the English border will

have been geologically surveyed, and the Scottish staff

will then be engaged on both sides of the flanks of the

Highlands. Already ground has been broken, and some
progress has been made on the north side of the Grampian
chain. On the English side the mountainous lake district

is all surveyed, while the work is so well advanced in

Cumberland that it may probably be completed up to the
Scottish border by the end of this year. Considerable
pi ogress has likewise recently been made on the eastern
side in pushing the survey northwards in Northumber-
land, though a considerable tract of that country still

remains unmapped towards the Cheviots and Tweed.
Among the south-eastern counties the survey is advancing
through Norfolk, Suffolk, and Cambridgeshire, v/hile in

the south-west some of the maps which were made in the
early days of the Geological Survey are being re-surveyed
and brought up to date in West Somerset and Devon.

Geological Survey of Canada.—The Report of
this Survey for 1S75-76 has just arrived. In size, general
interest, and geological value, it fully equals its well-

known predecessors, while in regard to maps, sections,

and other illustrations, it even surpasses them. Briefly told,

its story is this—The Philadelphia Exhibition absorbed
much of the time and thought which would otherwise
have been expended on the field-work, laboratory, and
museum duties of the officers. But the director need not
regret this temporary suspension of the usual operations
of his staff, for there can be no doubt that the display of
rocks, minerals, and fossils, made by Canada at the
Centennial Exhibition, so universally admired brought
the mineral resources of the dominion and the skill of
its geological survey before the world with such promi-
nence as could hardly have been attained even with the
ablest maps and memoirs. Mr. Selwyn's own labours
from April to November, 1S75, embraced an exploration of
parts of British Columbia where likewise Mr. George M.
Dawson, who has lately been appointed to the Canadian
Survey, has been actively employed. Prof. Macour,
besides his geological work, made a careful botanical
survey of the region traversed, and his detailed narrative

appears in this Report. Mr. Ellis was sent into the North-
west Territory to make a series of borings. Mr. Bell

explored the country between James Bay and Lakes
Superior and Huron ; while in the eastern parts of the
Dominion detailed surveys were made in the coal-fields

of Nova Scotia, in New Brunswick, and in Cape Breton.
Besides these explorations others were continued by Mr.
Wnnor in Ontario. Of these Mr. Selwyn remarks that

they prove the existence in Western Quebec and Eastern
Ontario of a massive red orthoclase gneiss without visible

stratification, lying probably unconformably under the
vast crystalline masses containing Eo^ooii. He suggests
that what is called Lower Laurentian may have to be
termed Middle, the fundamental red gneiss becoming the

Lower.

Excrementitious Deposits in the Rocky Moun-
tains.—A recent paper to the Philadelphia Academy by
Mr. Henshaw, on the excrementitious deposits in the
Rocky Mountain region, sustains Prof. Cope's view that

they were made by big-eared rats, a species of Keotoina,
probably A^. cincrea. They consist of vegetable matter,

sometimes with a bitumen-like look, and varying from this

appearance to that of pill-like excrements. In a crevice of
the rocks one deposit had a depth of two feet, and con-
tained also some small twigs and " birds' " feathers. " The
mass was evidently the accumulation of years, and had
served as a nest. Throughout was a large amount of

hard droppings from which the urine had passed, and
whose nature was unmistakable. The urine, charged with

a certain amount of excrementitious matters, had filtered

through to form the singular deposits." Water or the

urine has carried the portions it could dissolve down the

faces of walls, and deposited it on shelves where no ani-

mals without wings could reach,and sometimes on the roofs

of cavities. All the regions where these deposits occur are

inhabited by the AV()/ri;;/(7, which is essentially a vegetarian
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NOTES
The inaugural meeting of the Domestic Economy Congress

was held at the rooms of the Society of Artists in Birmingham,

on Tuesday last. In the absence of Lord Leigh the Mayor

took the chair. Prof. Huxley gave a short address, in which he

maintained that our so-called education does not fit a man for

understanding his social duties. Public opinion was now
beginning to take a different view of wliat education ought to

be. Those who supported this Congres.<; were among those who

felt most strongly on the subject, and the influence on Government

from discussions and meetings would be successful in the long run.

The real business of the Congress commenced yesterday, when,

amongst the papers read, were :—" Nursing," by Mrs. W. E.

Gladstone; "Infant Life," by the Countess of Ebersburg;

"Nursing in Connection with Education," by Miss Helen

Taylor; " Elementary Instruction to Children in Physiology,"

by Prof. Huxley; and "Warming and Ventilation," by Capt.

Gallon. We give elsewhere an account of Prof. Huxley's

paper, and we commend the latter part of it especially, not

only to those who are interested in the teaching of physiology in

schools, but to all who have given attention to that " burning

question " of the day—vivisection.

The annual session of the French Association for the Advance-

ment of Science will take place at Havre on August 23 next, so that

the members of the British Association will be able to take part

in the proceedings, and a good attendance of these is anticipated.

Members wishing to visit Havre are desired to write to the

secretary of the French Association, 76, Rue de Rennes, Paris.

Dr. Gilbert, local secretary in Havre, will engage rooms if

required by previous notice. The president this year is Dr.

Broca, Professor to the Faculty of Medicine, and Director of

the Anthropological School of Paris. The maritime situation

of Havre will supply every opportunity for a number of

interesting excursions, especially for members of the British

Association. The principal object of the deliberations of the

society will be to determine how to secure a large and

effective representation of science during the International

Exhibition next year. A delegation of the French Society will

be sent to the session of the British Association as was arranged

last year.

On Monday the 9th inst. the Haberdasher's Company voted

250 guineas as a donation to the building fund of the new City

of London College. This institution is the outcome of the

Metropolitan Evening Classes for young men, originally estab-

lished at Crosby Hall, Bishopsgate Street, in 1848. Since that

time it has pursued a most successful career, and now has more
than 1,400 members.

The Albert Medal of the Society of Arts has recently been

presented to Sir George B. Airy, K. C.B. ,
" for eminent services

rendered to commerce by his researches in nautical astronomy

and in magnetism, and by his improvements in the application

of the mariner's compass to the navigation of iron ships.

"

We understand that the International Meteorological Congress

which was to have met at Rome in September, has been

postponed to next year.

The sad death of Dr. James Bryce furnishes another instance

of the fact that though geology is in itself an invigorating pursuit

it has its own share of risks. This long-known writer had left

his home in Edinburgh on Tuesday morning the loth inst. for a

geological tour in the Western Highlands. He had reached as

far as the Falls of Foyers on Loch Ness, whither he had under-

taken to conduct a scientific excursion from Inverness a little

later. On Wednesday, after leaving at the hotel a note addressed

to his daughter announcing his safe arrival so far on his journey.

he strolled out hammer in hand to make some further observa-

tions among the granitic crags of that neighbourhood to which

he had already given some attention. He was never seen again

alive. A few hours afterwards his lifeless body was found on a

slope of di'/'/is at the foot of a shattered clilf of rock. His

hammer lay a few yards higher up at the base of the crags. It

is supposed that either from the concussion of his hammer or

from some other cause a portion of the cliff had fallen away,

crushing his temples, and killing him instantaneously. Dr.

Bryce's early researches among the basalt of the north of Ireland,

his work on Arran and Clydesdale, liis papers on the Secondary

rocks of the West Highlands, and his labours in connection with

Scottish earthquakes have made his name familiar to geologists

in this country. He was seventy-one years of age.

We regret to announce the death, on the 15th instant, of

another well-known geologist, Mr. John Williamson, of Scar-

borough, the discoverer of the celebrated Gresthorpe plant-beds.

His labours in bygone years, when field-workers like him were

very scarce, will long be borne in remembrance. He was born

in 1784, so that he was ninety-three years of age.

The Portuguese African explorers. Major Serpa Pinto and

Capt. Brito Capello, have returned to Lisbon after visiting Paris

and London (whither they had gone to obtain some necessary

articles), and are to start for Loanda in the Zaire. According to

the Diario Je Noticias, they have got together a magnificent

outfit, and M. de Abbadie, the eminent French exfilorer, pro-

nounced this expedition the best and most scientificaUy formed

that had yet gone out to Africa. He has given them the remark-

able universal theodolite with inverse action, of his own invention,

which he has called the "Abbas," and with which he made
geodetic measurements in Abyssinia ; which further he used in

Algiers in observation of the transit of Venus. They also take

a new apparatus invented by Father Perry for the study of

terrestrial magnetism, one of the best equatorials of the Poly-

technic School of Paris, a sextant of great delicacy, &c. M.

Serpa Pinto has previously made extensive journeys in Africa, to

Lake Nyassa and to near the Victoria Falls of the Zambesi.

We note that a public meeting is to be held at the Mansion

House to-day in aid of the "African Exploration Fund,"

recently commenced by the Council of the Royal Geographical

Society to promote the continuous and systematic exploration of

the interior of Africa.

An engineer of St. Petersburg, M. de Kern, announces the

discovery of a new metal, which he calls Davyutn. It is found

in the residues got from extraction of platinum. To isolate the

element it is necessary, after having precipitated the ruthenium,

to treat the motherJye with nitrate of ammonia. A red pre-

cipitate is produced, which on calcination yields davyum. This

metal is easily attackable by aqua regia, and much less by boil-

ing sulphuric acid
;
potash precipitates it in a yellow state, and

sulphuretted hydrogen in a brown, passing into black through

desiccation. With sulphocyanide of potassium the chloride of

davyum gives a red coloration. From theoretical considera-

tions developed by M. Mendeleeff, M. de Kern considers davyum

to rank between molybdenum and ruthenium. On this supposi-

tion its equivalent should be near lOO; and he proposes to test

this experimentally.

M. V. Obermayek, of Vienna, has proved by experiments

that the internal friction (viscosity) of hard black pitch is subject

to the same laws as fluid fiiction. He determined the coefii-

cients of internal friction by three different methods :— I. Pres.

sure of cylindrical plates ; 2. Deformation of parallelepipedal

plates ; 3. Distortion of cylindrical plates. No gliding of the

black pitch occurs on the metal plates, between which the pitch

plates are cast. For soft bodies, _the internal friction appearsj

not to follow exactly the laws of fluid friction.
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On July 13 the French Minister of Public Works visited the

works of the 187S Exhibition, which are in course of progression

at the Champ de Mars, The number of workmen engaged

in actual workicg was 1,137. Not less than 700 were employed

at the Central Pavilion.

A SINGULAR accident has been recorded by the Journal

Officiel. M. Gastard, of Paris, had placed a number of car-

tridges on a table. .Some solar rays having been concentrated by

an " eye " in the glass of a window, a terrific explosion took place.

Similar catastrophes are more common than is generally supposed

in summer, the windows of railway carriages, igniting some-

times overdried plants, or even leaves fallen on railway embank-

ments. It is known also that fires sometimes occur in Algerian

forests through drops of water suspended to the leaves and

forming lenses.

It is now about a quarter of a century since the first submarine

cable was laid, and the telegraph system may now be said to

embrace all parts of the world, offering a certain completeness

as an object of study. In an interesting broihure recently ssnt

us, " Recherches sur la Loi du Mouvement Telegraphique Inter-

national," M. Madsen sets the problem,—Is there a determinate

relation between the international telegraphic movement and the

commercial traffic, and what is the mathematical expression of

this relation ? lie arrives, from a comparison of statistics, at

a law which may be approximately expressed by the equation.

of telegrams between two countries, d the distance between

their commercial "centres of gravity," f'the value (in pounds

sterling) of their commerce with each other, A^ the tonnage of

the ships sailing between them, A'j the tonnage of ships of the

one country (Z), but sailing between the other Zj and other

countries ; N^ the tonnage of ships belonging to Zj, but sailing

between Z and other countries. The law has various applica-

tions, some of which M. Madsen points out.

An ingenious new registering thermometer devised by M.
Ilerve Mangon, is described in La Nature, A long and fine

capillary tube bent on itself and containing mercury, is supported

in an iron frame ; it passes through the stopper of a bell jar and

terminates vrith a fine point in a mercury dish placed in one scale

of a balance ; the other scale contains a vessel of glycerine

communicating by glass and india-rubber tubing with another

glycerine vessel on the same level in an adjoining frame. When,

on rise of temperature, mercury is forced out into the vessel, the

balance is depressed on one side and an electric contact made,

affecting an electro-magnet in the regi, tering apparatus, which is

composed of M. Redier's double wheelwiik with differential

train (which we must not stay to describe). When the depression

referred to has occurred a suspended float in the second glycerine

vessel descends, and raises the glycerine in the first, increasing

the weight in that scale. The curve obtainc d (from a pencil on

moving paper) is of zigzag form, the wheel-work being in

constant motion, now to the right, now to the left.

M. Bertrand having lately made an appeal to possessors of

letters from Gauss, with a view to publishing the complete

works of the eminent geometer, the grand-daughter of Laplace

has responded with five interesting letters. One of them, written

in 1807, presents Gauss at the outset of his career, deprived of

his fortune and threatened with extreme measures if he did not

pay 2,000 francs as a war contribution to the French army

occupying Gottingen. In his distress he applies to Laplace,

thinking his intervention might prove effectual. At the same

time he describes the equally sad position of his colleague

Harding. Laplace, unable to influence Napoleon, pays the

2,000 francs, and begs his friend not to disquiet himself further.

Meanwhile Gauss obtains the sum from Olber, and now he is in a

position to succour Harding. Two years later he paid Laplace

back the sum he had borrowed.

Ax analysis has been lately made by Dr. Alder Wright

(Chemical Nt-ws) of two samples of wine, "ruby " and " white,"

from the Auldana vineyards. South Australia, with a view to

determine the proportion of iron as a natural constituent. The
average amount obtained by one method was, in both cases,

o'ooi30, by another method o'ooi46, the iron being calculated

as FtO (in the former case it is thought there may have been a

little loss through incineration, &c.). Two circumstances are

noted ; first, that contact of the grape-juice with ironwork of any

kind is studiously avoided in the manufacture ; secondly, that

the soil of the Auldana vineyard is exceptionally ferruginous,

and as iron is taken up from the soil by vegetation, this seems a

probable cause for the occurrence of iron in the finished wine.

The identical character of the values, too (the wines being of

different vint.ages) makes it improbable that the source of the

iron is outside the grape-juice.

An interesting experiment with regard to the speed of pigeon

flight was made the other day. A carrier pigeon having been

let off in Dover simultaneously with the starting of the express

fjr London, reached the latter place twenty minutes in advance

of the train. This corresponds to a distance-difference of

eighteen miles.

We observe that the recent enlightened decision by the Senate

of London University with regard to admission of women to

degrees in medicine meets with a good deal of hostile criticism

from some of our leading medical contemporaries. We feel sure

that no Trades' Union spirit will be allowed to prejudice what

must generally be recognised as a step in the right direction.

At a meeting of members of the Birmingham Natural His-

tory and Microscopical Society, held at the Midland Institute on

July 13, a committee was appointed to make arrangements for

another marine excursion, somewhat similar to the one made by

this society in 1S73 to Teignmouth, but this time it is to be to

Arran and the Western Islands of Scotland. The dredging will

be carried on in Lamlash and Brodick Bays. At the same time

excursions will be made on land to Arran and the adjacent

localities, all of which, we believe, yield a number of rare speci-

mens, both botanical and geological ; so that the members of

each section no doubt will find this an enjoyable and an in-

teresting excursion. '?It will take place in the first week in

September.

A WONDERFUL white aquamarine has been found in Penh-

shire which, when cut, has produced one of the most brilliant

gems ever seen. It is said by many competent judges to be

equal to her Majesty's celebrated Koh-i-noor, its refraction being

very great both by day and night. It is of a pure pellucid liquid

white, and is known as the Scotch Koh-i-noor. Its hardness is

80, and specific gravity 276. Mr. Bryce M. Wright, F.R.G.S
,

is its possessor.

The additions to the Zoological Society's Gardens during the

past week include a Simbur Deer [Cirvus aristotdis), a Spotted

Porcine Deer {Cerviis minor') from India, presented by H.R.II.

the Prince of Wales, K.G. ; a Slow Loris (Nycticebus tardigra-

dtis) from Malacca, a Prehensile- tailed Vsirsidox\i-is(Pai-adoxurus

prelieiisilis) from Burmab, presented by Mr. W. H. Richardson;

a Leadbeater's Cockatoo [Cacatua leadbeateri) from Australia,

presented by Mrs. Shand ; a Red Howler (Mycetes senindus)

from New Granada, four Axis Dee"/ (Cervus axis) from India,

a Merian's Opossum [Didelphys dorsigera) from South America,

deposited ; two Striped Hyasnas (Hyiena striata), born in the

Gardens, a Black-necked Swan (Cygnus ni^ricollis), hatched in

tlie t'rardens.
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THE STALLDALEN METEORITE^
I N the Scandinavian North, so extraordinarily rich in mines and
-^ quarries, there have been found during the last few years a

number of new minerals, by which many a mine and even many
an mconsidetable opening scarce known in its own patish has

become world-famous in mineralogical literature. Several of

these finds are of great interest in a systematic aspect—for in-

stance, the discovery of barytitt; a new, exceedingly basic variety

of felspar containing baryta ; of ganomalite, the first natural

silicate of lead which has been discovered ; of ekdennite, a new
mineral conlaining antimonic acid, from the mines of Langban ;

and of /lomilile, a new, beautifully crystallised silicate of boron,

containing water, fron\ Brevig. Others again give us a highly

unexpected insight into the nature of the chemical forces which

are in activity in the interior of the earth— for instance, the Werm-
land minerals, manguiiosilc, or protoxide of manganese, and
pyrokroiie, or hydrated protoxide of manganese, which afford

evidence of a powerful reducing action. The latter mineral has

during last year been found at a new locality—the mines of

Nordmark.
However important these newly-discovered minerals may be,

they do not awaken so keen an interest as the stones which from

time to time fall from the heavens, and afford us specimens of

the matter to be found in spaces so remote that rays of light

require thousands of years to reach them. A new and highly

instructive contribution to our knowledge of meteorites has been

obtained in Sweden through the fall of the meteorite, which

took place at Stalldalen, near Nya Kopparberg, in Orebro

Ian, on June 28, 1876, at 1 1 '50 a.m., from a fireball which was
visible over a large part of middle Sweden. In the neighbour-

hood of Stockhol.ii the meteor appeared as an indistinctly-

defined fireball, followed by a long streak of fire. The ball was

first visible below the zenith in the north-east ornortli-north-east,

and went from hence towards the horizon in the west, where it

generally appeared to fall in the immediate neighbourhood of the

spectator, sometimes with, sometimes without, the throwing out

of sparks. In the town of Gefle the fire-red ball, followed by a

streak of the same colour, was seen moving from north-east to

south-west. At the neighbouring promontory, Hamas, it was

first seen of the size of a large star, speedily increasing, however,

leaving a long streak of fire behind it, and finally disappearing

without noise, falling, according to the supposition of the spec-

tator, behind some neighbouring buildings.

At Malmkbping the meteor appeared to proceed from the

northern heavens towards the west, leaving behind it a fine white

streak, which was distinguishable for two minutes. At a height

of 25° above the horizon it disappeared without falling asunder.

At Linkoping the nucleus of the meteor was pear-shaped, of

blinding whiteness, followed by a streak of fire which was
strongly luminous notwithstanding the clear bright sunshine, and

about eight times longer than the nucleus. It was first observed

pretty high up in the north-east, but afterwards sank to a height

of 10° above the horizon in the west, where it broke up without

noise into a number of star-sparks. In Skara the meteor, fol-

lowed by a beautifully luminous streak of fire, appeared to fall

asunder, throwing out sparks strongly at the same time, after

having gone from east to west with an apparent diameter of half

that of the moon. In Hedemora two fire-balls were seen, one

close behind the other, falling from the zenith towards the west,

leaving behind them a light grey streak. A minute after the

meteor passed from the field of view, a loud explosion was heard,

which is also mentioned in reports from the town of Falun and

from Gustafs and Stora Tuna parishes. In Mora no explosion was

heard, but here the meleor, which left m its path a stream of fire

of a deep violet colour, was seen to fall asunder in the south-south-

east, with a strongly luminous fire rain, the fire iliops of which,

however, were extinguished before they reached the horizon. In

Karlskoga a fireball of a blinding clear reddish white lustre was

seen high up in the zenith. Ilence it sank towards the north-

north-west 10 a height of 30", and afterwards parted into three or

four smaller pieces, which speedily went out and resembled the

stars which fall from a rocket. The meteor left behind it a white

smoke, which in the calm air remained in the direction of the

fall about a minute, and afterwards dispersed. In the neighbour-

hood of Karlstad, the meteor was thought to fall in the north

east. It was compared to a falling star rocket. It was very

bright, with a white nucleus, having fire-red edges, and passing

Abstract of an Address by Prof. NordeiiskjiilJ at tlie Anniversary of the

Royal Swedish Academy of Sciences.

when bursting asunder to a blinding white, the separate pieces

being clearly visible. Its apparent size was compared to that of

the full moon, and after its disappearance a white streak re-

mained lor some seconds in the sky. In Ilobiil parish in

Dalsland there was seen in the sky a pointed fire-ball, resem-
bling in form a soda-water fiask, at first pretty high in the

heavens, afterwards approaching the earth, dividing into two
parts and disappearing without any detonation after the lapse of

half a minute. At Lysekil the meteor appeared to fall perpen-
dicularly in the north-west, and spiing asunder without any
noise some few feet above the surface of the water. According
to a statement in the newspapers the meteor in question was
simultaneously seen at Christiania. In, Denmark and Finland
it was not visible.

From a careful and critical examination of these statements,

and many others which have been collected, it appears that the

meteor in question, pos.sibly with the neighbourhood of 7
Cephei as radiation point, proceeded in a somewhat oblique

direction to the place where the stones fell on the meteor burst-

ing asunder. If with a point 40 kilometres south of Stalldalen

as a centre, a circle be described through Christiania, the west-

ernmost place where the phenomenon was observed, its circum-

ference intersects Orust in the south, the neighbourhood of

Stockholm in the east, nnd Gefle in the north-east, and includes

all the places where the meteor was visible. At Stockholm,
Hedemora, Karlskoga, and Lysekil, the meteor is said to have
been visible first in the north-east, somewhat below the zenith,

and if the direction is noted where it disappeared in the neigh-

bourhood of the horizon, this direction in general corresponds

very well with the direction from the place of observation to

the place of fall. The meteor thus went under the horizon or

disappeared in its neighbourhood at Stockholm to west, at

Gefle to south-west, at Mora to south-south-east, at Lysekil to

north, at Malmkoping to north-west, and so on.

The meteor thus reached the end of its short luminous path

in ihe region where the fall took place. It became luminous at

a heiglit which cannot, after making allowauce for errors of

observation, he reckoned at less than 300 to 400 kilometres, but

was probably greater. At this height the atmosphere, notwith-

standing its extreme tenuity, is capable by its resistance of

heating red hot a body moving with cosmic speed, as of 75
kilometres per second, and if the composiiion of the atmosphere

at this height be the same as at the surface of the earth the

meteor will meet with sufficient oxygen to maintain a lively com-
bustion of the combustible matters which enter into the compo-
sition of the meteor. It appears to ivie that we have here an

explanation of the considerable height in the atmosphere at

which meteors first become luminous—an explanation which is

so much the more probable as we now not only know a number of

carboniferous meteorites, but also by the meteorite fall at Hessle,

in Upland, have distinct proof that the common meteorites may
be accompanied, and perhaps are generally accompanied, by an
easily combustible carboniferous dust. Only through such a

supposition can we obtain an explanation of the large size of

these meteors when compared with the stones which fall, as well

as of their strong illuminating power, which clearly shows that the

light arises from the glowing of solid masses, and not merely

from the compressed and heated gases which the meteor has

collected before it.

The statements regarding the size of the Stiilldalen meteor are

very various. The most probable are those which give it a

diameter of six minutes, which, supposing the distance to be 250
kilometres, would give the fireball a diameter of 436 metres, or

nearly 1,500 feet. In comparison with this size the stones that

have fallen are surprisingly small, which yields a further support

to the supposition that the main mass of the meteor consisted of

substances which had already high up in the air been dissipated

in the form of gas or undergone combustion. In the case of the

Stalldalen meteor there is also the exceedingly remarkable cir-

cumstance tliat the fireball was not visible in the region where

thi path of the meteor struck the earth and where the meteor-

ittrs fell, although this place lay nearly in the centre of the area

where the meteor was visible as a luminous fireball, and although

the sky here too was clear and cloudless with the exception of

the little dark cloud which the meteor collected before it in its

path through the air. It was probibly this cloud which pre-

vented it from being seen in the region which lay in the direction

of the fall. Although no fireball was seen here, loud detonations

were heard and some light streaks of cloud were visible in the

zenith, from which, according to some, faint flashes of fire
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resembling lightning were seen darting. Whistling, rumbling,

and rattling noises were also heard. The sound was thought,

for the most part, to come from the west or south-west. It was
not heard in Karlskoga, which lies to the south, but far to the

north and north-west. At Falun it was supposed that a fall of

rock had taken place in a mine, and at Grandgrufvan, at Lud-
vika, the sound was heard as of a peal of thunder at a depth of

si.\ty metres underground. At other places a dynamite magazine
was thought to have exploded, or it was taken for a loud clap

of thunder.

In the neighbourhood of a workman who was cutting trees in

a wood several branches of a tree were broken off" by a stone

weighing nearly a kilogram, in a way which clearly showed no
gre.at falling velocity, which was further confirmed by the stone

making a hole in the ground only a decimetre in depth. Another
person saw a stone fall close beside him, and immediately took
it up. It was not at all warm. A girl saw a stone weighing
two kilograms fall to the ground "so that the earth smoked"
Several fell in the Lake Bjorken or were picked up in the neigh-

bourhood soon after. One weighing Si kilograms fell in a rye-

field. In falling it had gone in two pieces and made an eight-

inch deep hole in the cultivated soil. The largest stone weighed
li\ kilograms.

The number of the stones that have been found, however,
amounts only to eleven, with a total weight of thirty-four kilo-

grams. They were scattered within an oval two kilometres

broad, whose larger axis had a length of eight kilometres. The
largest stone was found in the south-west end of the oval, in a
meadow surrounded by wood. It is probable that larger stones

have fallen farther into the wood, and thus escaped observation.

The stones are of very irregular form, and on their surface are

full of the depressions peculiar to meteorites. On the surface

they are, as usual, covered with a blackish fused crust of very

variable thickness, being so thick on some of the fractured sur-

faces as to completely conceal the colour and inequalities of the

main mass, and on other similar surfaces so thin that the colour

and crystalline structure of the main mass may be clearly dis-

tinguished. Sometimes the crust is completely wanting, so

that the surface of the stone, with the exception of an
inconsiderable blackening, resembles a fresh fracture. The
stones are thus fragments which have been formed at different

times, and exposed for different periods to the action of the glowing
envelope. Tlie largest stones are covered in many directions

with black friction surfaces which are more clearly marked on
these meteorites than on any I know. These too have pro-
bably been formed in our atmosphere, and show that with the
great pressure produced by the resistance of the air, cracks have
been formed in the meteorite along which its different parts

bel'ore springing asunder rubbed against each other during the
rotation of the irregularly- formed mass, whereby the uneven
surfaces have been smoothened, and coloured black by the heat
developed during friction, the projecting metallic particles

flattened, ..Vc. On breaking in pieces the meteorites in question,

they are found to consist of a coarse breccia-like mixture of grey
and of nearly black portions, little differing from each other in

chemical composition. It is remarkable that the grey mass when
heated becomes dark, and thereby in appearance quite like the
black, which appears to show that some of the breccia-like

pieces found in the stones had been lieated, while this docs not
appear to have been the case with the other part. Different

pieces of the StiiUdalen meteorites thus appear to have been
exposed to the action of very difl'erent temperatures before they
were uhittd into the mass, hard, tough, and difficult to break up,
which formed the meteorite.

The stones that fell at Stalldalen have been carefully aualysf d
by Mr. G. Lindstrom, assistant in the mineralogical department
of the Riks Museum, who found them to consist of nickel-iron ; a
silicate decomposed by acids, chiefly olivine ; a silicate indecom-
posable by acids, probably bronzite ; magnetic pyrites, and incon-
siderable quantities of phosphide of nickel-iron ; of a phosphate,
and of chloride of iron. The first-named substance, a metallic

alloy of ninety per cent, iron and ten per cent, nickel, is net
known [of terrestrial origin, but distinguishes most meteorites,
and makes it possible to separate with certainty the meteorites
which have fallen at Stalldalen from all other minerals occurring
in the quarter. The two other main constituents again, olivine

and bronzite, are also wanting in our granites, gneisses, and
common slaty rocks, but are found commonly entering into the
composition of a number of rocks which by most of the geologists

and mineralogists of the present day are considered to be of
plutonic origin. Mai y circumstances, however, indicate that

these rocks, which in remarkably regular layers cover exten-
sive regions of the earth's surface, ofloi, but twt al-ways, consist of
stratified tuff-like formations which during the enormous duration
of geological periods have assumed a crystalline structure. The
resemblance between them and various constituent parts of the
meteorites is so striking that the question must be seriously and
impartially discussed whether a part of the plutonic rocks are
not of cosmic origin. By this I mean that it gradually fell to

the earth even after its surface formed an abode for animals and
plants, and that under favourable circumstances it collected so
as to form proper stratified so-called plutonic r^ cks, in which,
through subsequent chemical changes, so great a development
of heat has sometimes taken place that volcanic and plutonic

incandescent craters have arisen in the interior of the earth.

Many observed facts may be quoted in suppcrt of this view,
if it for the present appears very strange on account of the
great changes it would bring about in the prevailing ideas of the
history of the form,ation of the heavenly body which we inhabit.

We have perhaps here the true solution of the many di<;puted

questions raised by the disco\ery of meteoric iron at Ovifak, in

Greenland, a simple explanation of the abundant occurrence of
magnesia in certain geological formations, and of many other
geological phenomena difficult of explanation according to

theories now prevalent.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Cambridge.—Mr. W. N. Shaw, B. A., Emmanuel College,
1 6th Wrangler, 1876, and ist Class Natural Sciences Tripos
(Distinguished in Physics), 1S76, has been elected to a fellow-

ship in his College.

London.—The following have passed the recent examination
for the degree of Doctor of Science in the branches specified :

—

Branch IV.—Inorganic Chemistry.—J. M. H. Munro, Royal
College of Science, Dublin.

Branch VI.—Electricity (treated experimentally).—O. J,
Lodge, University College.

Branch VIII.— Physical Optics, Heat, Acoustics (treated

mathematically).—J. K. Main, Trinity College, Cambridge.
Branch X. —Comparative Anatomy.—A. M. Maishall, B.A.,

St. John's, Cambridge, and St. Bartholomew's Hospital.

Branch XfV.—Geology.—W. Saise, Royal School of Mines.

SOCIETIES AND ACADEMIES
London

Geological Society, June ^20.— Prof. P. Martin Duncan,
F.R.S., president, in the ch.air.—Messrs. George Alexander
Gibson, Henry P. Gurney, John Higson, and Francis Stevenson,
were elected fellows of the Society.—The following papers were
read :—On a hitherto unnoticed circumstance affecting the piling

up of volcanic cones, by R. Mallet, F.R. S.—The steppes of

Southern Russia, by Thomas Belt, F.G.S.—The glacial period,

l-y J. F. Campbell, F.G.S.—The action of coast-ice on an
oscillating area, by Prof. John Milne, F.G.S., of the Imperial
College of Engineering, Tokio, Japan.—On points of similarity

between zeolitic and siliceous incrustations of recent formation

by thermal springs and those observed in amygdaloid and other
altered volcanic rocks, by Prof. A. Daubrte, F.M.G.S.—On
the cretaceous Dentaliadfe, by J. S. Gardner, F.G.S.—On a
number of new .sections around the estuary of the Dee which
exhibit phenomena having an important bearing on the origin

of boulder-clay and the sequence of glacial events, by D.
Mackintosh, F.G.S.—Discovery of silurian beds in Teesdale,

by W. Gunn, F.G.S., and C. T. Clough, F.G.S., of H.M.
Geological Survey.—On the superficial geology of British

Columbia, by George Mercer Dawson, F.G.S., Assoc. R.S.M.,
of the Geological Survey of Canada.—The exploration of the

ossiferous deposit at Windy Knoll, Castleton, Derbyshire, by
Rooke Pennington, F.G.S., and Prof. W. Boyd Dawkins,
by Prof. W. Boyd Dawkins, F. R.S.—Description of the fossil

organic remains from Bendigo, by M. Carl August Zacharise,

commimicated by the president.—Notes on some recent dis-

coveries of copper ore in Nova Scotia, by Edwin Gilpin, F G.S.

—Glacial drift in the North-eastern Carpathians, by R. L. Jack,

F.G.S., and John Home, F.G.S., of the Geological Survey of
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Scotland.—On tenninal curvature in the south-western counties,

by W. A. E. Ussher, F.G.S., of H.M. Geological Survey.—On
the chronological classification of the granitic rocks of Ireland,

by G. H. Kinahan, M.R.I. A., communicated by Prof. Ramsay,
F. R. S.—The Cambrian rocks of South-cast Ireland, by G. H.
Kinahan, M.R.I. A., communicated by Prof. Rams.ay, K.R.S.

PHILAnELPHIA

Academy of Natural Sciences.—A valuable list of the

fresh-water fishes of Northern Indiana, by Dr. D. S. Jordan, is

published in the Pioccedings for 1S77, with remarks on many
forms of novelty or interest. This is followed by a critical

account of the genera of Norih American fresh-water fishes, by
Dr. Jordan and Mr. C. H. Gilbert. One list gives the whole of

the genera in the order of their original description, with full

references.

ViKNNA

Imperial Academy of Sciences, April 19.—Contributions

to the cosmic theory of meteorites, I. Proof of identical

meteorite paths, by M. Niessl. Two detonating meteorites, on
April 10, 1S74, in Bohemia, and April 9, 1876, in Hungary,
had apparently the same point of emergence, and observations

gave for both a velocity corresponding to a hyperbolic path.

—

On the action of alcoholic caustic potash solution on ether-like

nitro-bodies, by MM. Hess and Schwab.—On the application of

the microscope to quantitative determinations, by M. Jonstorff.

—On the history of creation of our planetary system, &c., by
M. Sedlitschka.—On some remarkable phenomena in Geissler

tubes (fourth paper), by MM. Reitlinger and Urbanitzky.
Seeking the causes and laws of the repulsions and attractions,

they experimented with various gases rarefied in Wiillner's cylin-

drical tubes (without capillary part), noting simultaneously with

a multiplier the changes in the induced current. They were led

to the conviction that it is a case of reciprocal action between
accumulation of static electricity on the approximated conductors

and current electricity in the tubes, and that the chemical

character of the gases has a great influence on the apparent pro-

gress of the phenomenon.
April 26.—On iron cyanide compounds, by M. Skraup. This

relatesjto superferrid-cyanide of potassium. —On a new derivative

of sulpho-urea, sulphydantoinic acid, by M. Maly.—Theory of

circular polarisation, by M. V. Lang.—On Phymatocarcinus
speciosus, Reuss, by M. Bittner.—A geological profile from
Osmanich am-Arcer, on the Sveti Nikola-Balkan, to Ak-Palanka,
on the Nisava, by M. Toula.

Paris

Academy of Sciences, July 9.—M. Peligot in the chair.

—

The following papers were read :—On the alcoholate of chloral,

by M. Wurtz. The dehydratation of crystallised oxalate of

potash occurs in vapour of the alcoholate as easily as in air ; not

so in vapour of hydrate of chloral (proving that the latter con-

tains water).—Reply to M. Roudaire's last note on tlie Algerian

inland sea, by M. Naudin. He insists specially on the erosive

force the current would have both in its primary state and in

time of flooding. The troubled water of the coast, too, would
enter and deposit much sediment.—On electric transmission

through the ground by means of trees, by M. Du Moncel. Trees
are all, more or less, conductors, their conductivity depending
on the quantity of liquids in them. The roots act .as electrodes.

The resistance of a tree, commencing with its leaves, and sup-

posing contact only with a lew of them, varies from 200,000 to

400,000 kilometres of telegraph wire (in round numbers). That
of the trunk, at a height of 7 to S m. hardly exceeds, in strong

trees, 3,000 kil. in connection with the ground, and varies from
2,000 to 7 000 kil. lietween small metallic electrodes. Thus,
contact of telegraph wires with leaves need not give much anxiety.

The resistance of ordinary houses being about sixteen to twenty
times that of trees, the latter, if not under the former in height,

may be considered a protection, but as rain usually falls in

thunderstorms and diminishes the difference of conductivity

between trees and house, a protective effect of trees may only lie

in their superior height.—Treatment by sulphocarbonates of

vines of Orleans and Saint Jean-le-Blanc, by M. Gueyrand.—On
the quasi-circular movements of a point subject to the attraction

of a fixed centre, by M. Boussinesq.— On the diamagnetisra of

condensed hydrogen, by M. Blondlot. Palladium charged with

hydrogen M. Blondlot finds to be less magnetic than palladium

uncharged ; which accords with the facts that palladium is weakly
magnetic and hydrogen diamagnetic. Graham's opposite expe-
rience is thought due to some disturbing cause, probably impurity
of tile acid used in charging the palladium by means of electro-
lysis ; the least trace of a ferruginous body gives a deposit on
the palladium, which would explain Graham's results.—Photo-
metric researches on coloured flames, by M. Gouy. If the
quantity of salt introduced into the flame be doubled, the in-

crease of brightness of each line is at most equal to what would
be produced by doubling the thickness of the flame, and it is

nearly always inferior.—On a new metal, davyiim, by M. Kern
(see p. 236).—On the oxidability of sulphide of manganese, by
MM. De Clermont and Guiot.—On a new general method of
synthesis of hydrocarbons, acetones, &c. Third note by MM.
Friedel and Crafts.—Action of bromine on pyrotartaric acid ;

second memoir by M. Bourgoin.—On the determination of car-
bonic acid in blood serum, by M. Fredericq.— Researches on
bitter almonds, by M. Portes. Youn^ bitter almonds contain
amygdaline ; they have always a different composition from
sweet almonds ; the embryo alone contains emuUine, and it

appears pretty late ; the amygdaline is localised in the tegu-
ments of the seed ; its origin is still unknown ; by degrees it

quits the teguments and penetrates into the cotyledons by the
radicle.—On the nickelised iron of Santa Cattarina, by M.
Lunay.—On some physiological facts observed in Drosera, by
M. Ziegler. It has been observed that Drosera is sensible
to the physical action of salts of quinine after e.vcessive in-

direct animal contact. Many other bodies have this property,
and among tliem is urea. Like quinine, urea does not cause
any action in normal droseras, but on being united with certain
other bodies, it produces contraction [e.g., granules made of a
mixture of urea and iron with white wax give contraction ; but
granules of wax with urea alone, or with iron alone, have no
effect).—Comparative study of cupric preparations introduced
into the stomach and the blood, by MM. Feltz and Ritter.

Insoluble albuminate of copper ingested into the stomach in

considerable quantity has hardly any effect ; soluble albuminate
causes disorders at least as grave as the ammoniac.al sulphate in

distilled water. Sulphate of copper dissolved in syrupy glycerine
is much more poisonous than in aqueous glycerine.—Treatment
of rheumatism, gout, and various nervous states, with salicylic

acid and its derivatives, by M. See. It seems beneficial in some
cases.—On testing for salicylic acid, by M. Marty.—On external

use of salicylic acid, by M. Grellot.—The advantages of
immediate and early trepanations, by M. Gross.
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A MANCHESTER UNIVERSITY

THE movement of the authorities of Owens College,

represented in their memorial to the Duke of

Richmond on Friday last, is certainly one of the

healthiest important educational advances of recent years.

It is an outcome of an impatience of pure examination

and a revived belief in the educative influences of asso-

ciation of young men with each other and with masters

of the subjects in which they happen to be interested,

which have been gradually but surely growing up among
educationalists.

Like a few hundreds of other institutions, including

Oxford, Cambridge, and the Scotch Universities, Owens
College is affiliated to the University of London. Twenty

years ago this meant that only students of these institu-

tions could present themselves for London degrees. But

their members multiplied—and every weaker member
added to the list of affiliated colleges supplied a new
reason for still farther widening the bounds of the Uni-

versity. It was natural that in time the outsiders educated

at home, with private tutors, or in unrecognised and un-

affiliated institutions should knock at the doors of [the

university and demand admission. After they did, it was

found in the end impossible to refuse them. Since that

date the University examines everybody, wherever he has

been educated, and its influence is to assimilate what

one may call organised institutions of individuality and

character to the unorganised or semi-organised types of

the crammer's school or the private student of cram books.

For the school or the private student it has, been and

still is of the utmost value. For higher colleges it is

a great centralisation, objectionable only because it is

not complete, not having really swallowed up the Scotch

and Irish universities as well as Oxford and Cambridge.

Mr. Lowe's ideal doubtless is that the most intelligent,

impartial, perhaps bloodless of examiners, selected from

all the world, should prescribe the subjects of examina-

tion, and should thereby dictate from the standpoint of the

highest human omniscience, the courses of all teaching

institutions, and should, like Minos, ^-Eacus, and Rhada-
manthus, decide in final award the character and place in

the universe alike of teacher and of taught. This ideal

has been realised in the Chinese empire, and man)-

excellent arguments can be stated in its favour. It is

inadequately realised in this country, because all incor-

porated universities have been left practically outside of

the scheme. Owens College is the first of the non-incor-

porated actual or possible universities which asks also to

be released.

It is possible to offer the petitioners something they do
not seek. Owens and other residence colleges object to

be controlled by a mere examining board. But there are

Universities like Oxford and Cambridge which are not mere
examining boards, which have resident students, where
the examiners are in frequent and living contact with the

students, from whom, indeed, they are often removed
only by a few additional years. Five years before, the

men who preside over the triposes may have them
Vol, XVI.—No. 404

Selves sat for examination. Might not Oxford or Cam-
bridge supply a less narrow and technical examination
than London ? Could these universities not affiliate

Owens College to themselves in some more living bond
than has now become possible elsewhere ?

There is an excellent and all but final answer.
Oxford was asked to do it for King's College, London,
and after mature deliberation it deliberately declined.

Probably it could not see its way to work out this

more living association. There is one kind practicable

—such as Oxford and Cambridge practise between them-
selves. A man may count a certain number of terms at

Cambridge for his degree at Oxford, ju5t as he may
count so many sessions at Edinburgh for his degree at

Glasgow. There is another kind conceivable. The
teachers of both places may be associated with each
other, with or without outside examiners, for the exami-
nation of the students of both, and the programmes of
examination, and to some extent of teaching, may thus

be settled in common. Oxford was not willing to asso-

ciate itself with King's College in either of these ways,

and there is no reason to believe that it would care so

to associate itself with Owens College or any other insti-

tution. Such an association would imply an equality

which the older universities can scarcely be asked to

admit ; and the second mode of association would
institute a sort of outside interference with them which
they would never allow. The simplest and most
satisfactory university is self-contained, teaching and
examining its own men under the stimulus of rivalry

and public criticism, and with the help, perhaps, of

outside examiners. Oxford and Cambridge see no
reason why they should descend from their own secure

and satisfactory position and tempt the dangers of con-

federation.

It remains to ask what good it can and what harm it

might do to grant the prayer of the petitioners. The
first question need scarcely be answered. It is an
obvious advantage to every district to have a great centre

of high thinking and noble living planted in its midst.

But there is an equally obvious disadvantage in the

undue multiplication of universities. There may be
serious objections, as Prof. Huxley puts it, to any official

system of branding our young herrings with B.A. or

M.A. But so long as we keep to the system of branding
we ought not to be too free with our brands. There ought
not to be too many, and there are a good many in the

United Kingdom with no means of telling which is a good
brand and which is a bad one. There is no doubt that,

as far as it goes, the objection is sound, and that we
ought not to have too many degree-granting bodies.

The question is whether we have—whether the precise

limit at which we ought to stop has been reached

—

whether the new claimant is not as fully entitled as some
of the old-established institutions to an independent

status and existence. In England we have very few

branding bodies, and every guarantee is offered by the

Manchester authorities that their brand will be of the

very first quality. They propose to have outside asses-

sors to help them to see to it ; the one thing they ask is

that having the responsibility of teaching they shall have

an equal share in directing the examinations. It seems a

reasonable and modest request.
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THE KINETIC THEORY OF GASES
A Treatise on the Kinetic Theory of Gases. By Henry

William Watson, M.A., formerly Fellow of Trinity

College, Cambridge. (Oxford : Clarendon Press, 1876.)

THIS book does not profess to treat of all that has

been written about the kinetic theory of gases. It

discusses the ultimate average condition of a material

system, consisting of a very great number of parts in

motion within a confined space, and it follows for the

most part the methods of investigation given by

Boltzmann. The discussion is arranged in the form of

thirteen propositions, in which the different cases are

considered in the order of their complexity. In the

earlier propositions the moving bodies are supposed to

be rigid-elastic spheres acting on each other only by

impact, afterwards external forces are introduced, and

finally the bodies are supposed to be material systems, the

parts of which are held together by any system of forces

consistent with the principle of the conservation of energy.

The ultimate average condition of such a system is

investigated in a very satisfactory manner in this book.

No part of mathematical science requires more careful

handling than that which treats of probabilities and

averages. Mathematicians, whose competence to deal

with other questions is undoubted, have fallen into errors

in treating of probabilities, and even the validity of certain

methods of proof is still apparently an open question.

Besides this, some of the consequences to which these

theorems lead us are so startling that we are not

prepared to admit them without an unanswerable proof,

and of the investigations already given, some are so short

and incomplete, and others so long and roundabout, that

it requires no ordinary exercise both of penetration and of

patience to find out whether they are proofs at all. Mr.

Watson has conferred a great benefit on the students of

the kinetic theory by placing before them in a series of

distinct propositions, none of them too long for the mind

to grasp, all the necessary steps leading to the result, and

none of the superfluous evolutions in which the mental

energy of the student is so often dissipated. The book,

as we have said before, is confined to the investigation of

the ultimate average condition of the system, and does

not discuss the processes of diffusion by which that

ultimate condition is attained, such as the inter-diffusion

of gases, the diffusion of momentum by viscosity, and the

diffusion of energy by thermal conduction. These have

been recently treated in a larger work,'^ to which we may
have occasion to refer.

There are two very different methods of defining and
investigating the state of a complex material system.

According to the strict dynamical method the particles of

the system are defined in any sufficient manner, as, for

instance, by their co-ordinates at a given epoch, and the

position of any particle at any other time is then defined

by its co-ordinates, expressed as functions of the time,

the form of these functions being different from particle

to particle, and not necessarily -continuous in passing from

one particle to another which was contiguous to it in the

initial configuration.

According to this method our analysis enables us to

trace every particle throughout its whole course, and there-

fore we can apply the laws of motion in all their strictness.

"Die kinetische Theorie der Gase in elementarcr Darstelluiig, mit
mathematischen Zusiitzen. Voa Dr. Oskar Emil Meyer, Professor de
Physik an der Unlversitat Breslau. (Breslau, 1877.)^

The application of this method to systems consisting

of large numbers of bodies is out of the question. We
therefore make use of another method which we may call

the statistical method, on account of its analogy with the

methods employed in dealing with the fluctuations of a

large population.

We divide the bodies of the system into groups accord-

ing to their position, their velocity, or any other property

belonging to them, and we fix our attention not on the

bodies themselves, but on the number belonging at any

instant to one particular group. This number is, of

course, subject to change on account of bodies entering

or leaving the group, and we have therefore to study the

conditions under which bodies enter or leave the group,

and in so doing we must follow the course of the bodies

according to the dynamical method. But as soon as the

process is over, when the body has fairly entered the

group or left it, we withdraw our attention from the body,

and if it should come before us again we treat it as a new

body, just as the turnstile at an exhibition counts the

visitors who enter without respect to what they have

done or are going to do, or whether they have passed

through the turnstile before.

The first mode of grouping the bodies of the system is

to class those together which, at a given time, are in a

given region of space. This is called grouping according

to configuration, and what we learn from it is the distri-

bution of the positions or co-ordinates of the bodies in

space.

The second mode of grouping is that according to

velocity. The best way to understand this is to suppose

a diagram of velocities constructed by drawing from a

given point as origin a system of vectors representing in

direction and magnitude the velocities of the different

bodies. The extremities of these vectors are called the

velocity-points of the bodies to which they correspond,

and by grouping the bodies according to the regions

of the diagram in which their velocity-points lie, we

learn from the numbers in the groups the distribution of

velocities among the bodies.

In like manner we may form groups defined in any

other way, as, for instance, those pairs of bodies whose

distance from one another lies between given limits, and

by confining within sufficiently narrow limits the values

of all the properties of the bodies which form the group,

we may consider all the bodies belonging to the group as

practically in the same state. Whether at a given instant

any body actually belongs to the group is, of course,

another question.

The object of study in the statistical method is the

probable number of bodies in each group. We may get

rid of the idea of probability by supposing the system to

continue under the same conditions for a very long time.

During this time many bodies will enter the group, stay

in it for a certain time, and then leave it. If we add

together the times of residence within the group af all

these bodies, and divide the sum by the whole time ol

observation, we obtain a numerical quantity which we

may call the average number of bodies in the group. The
longer the time of observation, the nearer does this

number approach to what we have called the probable

number of bodies in the group.

The average number of bodies in a group depends on
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the limits which define the group, being, of course, greater

when these limits are wide than when they are narrow. But

it also depends on the character of the group, that is to

say, the particular set of mean values of the conditions

which entitle a body to be ranked in the group.

It appears from the investigation that if </> be any

property of a body, such that if <^i
and <^^ are its values

or two bodies before an encounter, and <I>i and 4>.^ its

values after the encounter, and if under all circumstances

^^ -|- <^2 = *, 4- *2, and if the number ,of bodies in each
— it^

group varies as e , then the distribution of the bodies

in the groups will not be altered by the encounters

between the bodies.

Now if we make </> equal to the sum of the kinetic and

the potential energy of each body, the quantity <^, + '\>i is

not altered, either by an encounter between the two

bodies or by external forces acting on them ; so that a

distribution according to the values of the function e

will satisfy the condition of permanence.

The most general case is that given in the seventh pro-

position. The bodies are no longer supposed to be

smooth rigid-elastic spheres, but molecules, that is to

say, material systems consisting of any number of parts

acting on each other with forces of any kind consistent

with the principle of the conservation of energy. The

molecules of any one kind are supposed j to have in

degrees of freedom, this number being, in general, dif-

ferent in different kinds.

It is also assumed in the enunciation that all the forces

in the system are either forces tending to fixed centres

and functions of the distances from these centres, or else

forces acting between the parts of the same molecule,

thus excluding forces acting between one molecule and

another except during the encounter of two molecules.

This restriction, however, does not appear necessary, and

indeed it is easy to remove it.

For the result of the proposition is to prove that if we

define the group {A) of molecules as consisting of those

whose generalised co-ordinates {q) are between certain

limits {q and q -f- dq), and whose generalised momenta

(/) are between certain other limits (/ and/ + dp), then

the average number of molecules in the group is

—

A c dp^ . . . dp^^^ dq-i . . . dq^^^,

where A is a constant which is the same for all groups

of molecules of the same kind, but is different for dif-

erent kinds of molecules in the same mixture, but /i is

the same for all kinds of molecules, x 's the poten-

tial energy, and T the kinetic energy of a molecule when

in the state {A), and dp-^ . . . dp^^ are the differentials of

the components of momentum, and dq-^ . . . d q^^ the dif-

ferentials of the co-ordinates. The continued product

of these differentials specifies the extent of the group.

By integrating this expression with respect to any one

of the variables, we may ascertain the average number
of molecules in a larger group, in which that variable

does not form a ground of subdivision. For instance, if

we integrate with respect to all the co-ordinates, we
arrive at a group consisting of all the molecules whose
momenta are between certain limits, or by integrating

with respect to the momenta we form a group of mole-

cules whose configuration lies within certain limits.

In this way we obtain two very important results :

—

1. The average kinetic energy of a molecule is —
y

where m is the number of degrees of freedom of the

molecule. This is independent of the position of

the molecule.

2. The average number of molecules whose configura-

tion lies between certain limits is

—

— Ax
A e dqi . . . dq^^,

where x is the potential energy of the molecule, arising

from forces either internal to the molecule or tending to

fixed centres, but (according to Mr. Watson) excluding

intermolecular forces.

But as our definition of a molecule is of the most

general kind, nothing is easier than to take into account

any intermolecular forces by simply including within

our " molecule " all those molecules between which

intermolecular forces are exerted.

For instance, there is nothing to prevent us from defin-

ing as a molecule a material system consisting of one

atom in Sirius, .another in Arcturus, and a third in Alde-

baran. If the universe is supposed to have attained that

condition of thermal equilibrium to which alone these

propositions apply, the average kinetic energy of each of

these atoms will be — , because each has three degrees
2 //,

of freedom.

That of the system of three atoms will [be the sum of

the kinetic energies of the three atoms, namely, -

We might obtain the same result from the consideration

that this system has nine degrees of freedom.

The centre of mass of the three atoms is a mathe-

matical point at an immense dis'ance from any of

them. It has, of course, three degrees of freedom,

and the kinetic energy of a material particle whose mass

is the sum of the masses of the atoms and which moves

as the centre of mass does is ^,
2/1.

The value of the kinetic energy of the centre of mass
will be the same for any system of atoms provided that

every atom of the system is liable to encounters with

atoms not belonging to the system. Of course if we take

into our " molecule " all the atoms of a material system

unconnected with any other system, its centre of mass
will not be agitated at all by the mutual actions of the

atoms during their encounters.

And here we must notice a point to which Mr. Watson
has adverted only in a note at the foot of p. 20—the

definition of the motion of the medium as distinguished

from the motion of agitation of the molecules. For this

is connected with the weak point of the demonstration

and shows us the way to strengthen it.

The weak point of the demonstration is the tacit assump-

tion that the sum of the potential and kinetic" energies of a

pair of molecules is the only function which does not

change during their encounter. For there are other

quantities which are not altered by the mutual action of

t o bodies, such as their masses themselves, the sum of

their momenta resolved in any given direction, and their

angular momenta about any fixed axis.

Hence if instead of T = \ M (//^ -\-v^ + -w^) we write

in the expression for the distribution of velocities

—



244 NATURE \yuly 26, 1877

%=.T - M [Uu + Vv+ Ww +p (wy - vs) +q {uz -

wx) + r (vx - uy) + C M,
the distribution of velocities will still be a permanent one.

In this expression the quantities U, V, IV, p, q, r, may

have any values provided they arc the same for the

whole system of bodies, but C may be different for

different bodies, because it is multiplied by the mass

of the body, which is invariable. But we arrive at the

same expression by substituting in T for ti, v, and "W the

quantities—

•

« - U -\- qx - ry

V — V -\- rx - pz
'M - W +py - qx.

or, in other words, by substituting for the absolute velo-

cities of the bodies their velocities relative to a system of

axes moving in the most general manner possible ; that

is to say, the components of velocity of the origin being

U, V, IV, and the components of the velocity of rotation

being/, q, r, and at the same adding to Tthe quantity

i M {
{qz - vyf + {rx - Z^)' + (/j - qxf }

- C

,

which depends on the co-ordinates only and not on the

velocity of the body.

We now see that the most general case of permanent

distribution is when the system of bodies is contained in

a vessel of invariable form which moves with constant

velocity along a screw, that is to say, in which one point

is moving along a straight line with constant velocity,

while the vessel rotates about an axis passing through

this point with constant angular velocity.

When there is rotation, we must subtract from the

potential energy a term depending on the co-ordinates,

which shows that the rotation produces an effect similar

to that of a centrifugal force at right angles to the axis

of rotation.

Returning to the general expression for the number of

molecules in a group, we may make it yield us informa-

tion of other kinds. Thus, if we wish to know the density

of a particular gas at any given point in the mixture, we

have only to make the limits of the group those of an

element of volume, and we find the density proportional to

i?" '", where X is that part of the energy of a single

molecule which is due to external forces, such as gravity.

In the case of gravity, x is equal to m s; z, where tn is the

mass of a molecule, g the intensity of gravity, and z the

height. This leads to the ordinary expression for the

density of a gas of uniform- temperature in a vertical

column, and it shows that in the ultimate distribution of

a mixture of gases the density of each gas diminishes

with the height according to its own law, that is to say that

of the heaviest gases diminishes most rapidly, so that the

proportion of the heavier gases diminishes with the height.

This law of the distribution of gases was asserted by

Dalton as a consequence of his theory of gases, and

numerous experiments have been made on air collected

at different heights in the atmosphere in order to

detect a difference in their composition, but we cannot

say that such a difference has as yet been satisfactorily

established.

The atmosphere, in fact, is eminently unfitted for

testing the theory of the ultimate state of a mixture in

equilibrium, for the inequalities of temperature in so large

a body of gas produce powerful currents which continu-

ally carry masses of the mixture from one stratum into

another. This tends to produce a uniformity of com-

position and a variationof temperature which are both of

them contrary to our theory of the condition of equilibrium,

and which seem to favour certain' other theories.

Nor is the case much improved if, instead of the open

atmosphere, we substitute a mixture of gases contained in

a vertical tube. For in order to obtain a difference of

composition at the top and bottom of the tube large

enough for experimental verification, the tube must be

at least 100 metres high, and it would take more than a

year for the contents of such a tube to approximate by

one half to their final distribution. In the'mean time the

slightest difference of temperature in the sides of the tube

would produce currents which would tend to equalise the

composition of the mixture. To verify the other result of

our theory—the uniformity of temperature in the ultimate

state of a vertical column—would be attended with still

greater difficulties.

But it would be quite within the powers of experimental

methods to verify the law of distribution of a mixture of

gases in a rotating vessel. Let two bulbs be connected

by a wide tube, say 10 cm. long, and let them be filled

with equal volumes of hydrogen and carbonic acid, well

mixed together. Let this apparatus be placed on a

whirling machine, so that one bulb shall be close to the

axis, while the other is moving at the rate of fifty metres

per second. The same degree of approximation to the

final state, which would take years irv, the long tube, will

be effected in minutes in this small apparatus, and the

proportion of carbonic acid to hydrogen will be about ,J;j

greater in the bulb furthest from the axis.

The clear demonstration of this proposition given by

Mr. Watson is of great scientific value, for almost every

one of those who have attacked the question with

insufficient methods of investigation have come to the

conclusion that the temperature would diminish in a

vertical column as the height increases ; and those who
regard gaseous diffusion from a chemical rather than

a dynamical point of view would probably expect the

composition to be uniform at all heights.

But the profound scientific value of this proposition

becomes more manifest when we make use of it in

establishing the definition of temperature and the law of

volumes of gases.

In Prop. II. of this book, which corresponds to the

original form of the theorem, as I gave it in the

Philosophical Magazine, January, 1 860, two sets of

spheres are completely mixed up together in the same

vessel, and it is proved that the average kinetic energy of

a sphere is the same for either set. We may then assert,

as I did, that the two gases are at the same temperature

because they are thoroughly mixed together. But this

assertion has no scientific meaning, because we cannot

test its truth by putting a thermometer first into the one

gas and then into the other.

But if we now call to our aid a system of forces acting

on the molecules and tending to fixed centres, we may
obtain a result capable of experimental verification ; for

though we are not acquainted with natural forces acting

exclusively on one kind of gas, we can calculate the

effects of such forces.

Let us assume, then, that the forces are such that the

potential energy of a sphere of the set A' is much greater
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in one part of a vessel, which we shall call B, than when
it is in the part A, these two parts being separated by a

stratum, C, within which the potential varies continuously.

The medium consisting of the spheres jVwill be dense in

A, it will become rarer in the stratum C, and there will

be hardly any of these spheres in B.

Now let the potential energy of a sphere of the set A^'

be much greater when it is in A than when it is in B, and

let it vary continuously from the one value to the other in

the stratum C. Then the spheres of this set will be

thickly scattered in B, will thin out in the stratum C, and
will be very rare in A.

The two sets of spheres are thus kept in great measure

separate in A and B, while free to exchange their kinetic

energy by collisions within the stratum C.

Now by definition, the temperatures of two bodies are

equal if, when the two bodies are placed in contact, their

thermal state remains the same. We cannot apply this

definition to the two sets of spheres in Prop. 11., for they

were inextricably mixed up together, but we have now
got them almost completely separated from each other

into two distinct regions. T..cy are therefore practically

distinct bodies, and we can test their temperatures

separately.

Hence the statement, that the temperatures of two gases

are equal when the kinetic energy of the centre of mass
of a molecule is the same in each, is true, not only of gases

mixed together, but of two pure gases in different parts

of the same vessel.

If we assume that a powerful external force acts on

each molecule tending to a fixed centre belonging to that

molecule, each molecule will always remain very near its

own fi.xed centre of force, and the assemblage of molecules

will behave like a solid body. But forces of this kind are

included among those considered in Prop. IV., so that

the relation between temperature and the kinetic energy

of the centre of mass of a single molecule must be extended

even to solids.

Returning once more to the general" expression for the

average number of molecules in a group, we may make it

yield us information with respect to the average number
of sets of molecules which, at a given instant, are in a

given configuration with respect to each other.

For instance, if two molecules act on each other, and if

X is the potential energy due to this action corresponding

to a distance ;', then the number of pairs of molecules

whose distance is between r and r -\- d r will be propor-

tional to r-^ " ''<. In the case of attraction, ^ is negative,

so that there will be a greater number of pairs of mole-

cules within these limits of distance than there would
have been if they did not attract each other. In the case

of repulsion, x is positive, so that the repulsion diminishes

the number of pairs within the distance of repulsion. If

the potential eneigy of a pair of molecules rapidly increases

to an enormous value when the distance between their

centres becomes less than a given quantity, the number
of pairs which are within the given distance will be

practically zero, and the molecules will behave like

smooth ligid-elastic spheres.

By making the "molecule" include three or more
molecules, and making x the potential energy of this

system, we may extend the theorem to the simultaneous

encounter of three or more molecules, so that these cases.

which were formally excluded in the earlier propositions,

do not in any way interfere with the absolute generality

of the final result.

The clear way in which Mr. Watson has demonstrated

these propositions leaves us no escape from the terrible

generality of his results. Some of these, no doubt, are

very satisfactory to us in our present state of opinion

about the constitution of bodies, but there are others

which are likely to startle us out of our complacency, and
perhaps ultimately to drive us out of all the hypotheses in

which we have hitherto found refuge into that state of

thoroughly conscious ignorance which is the prelude to

every real advance in knowledge.

If we know from observation either the specific heat of

a gas at constant pressure, or the ratio of its specific heats

at constant pressure and at constant volume, we can

determine the ratio of the rate of increase of its total

energy to the rate of increase of the energy of agitation of

the centres of its molecules. Now if the molecule has m
degrees of freedom, its total kinetic energy is to the

energy of agitation of its centre of mass as ni to 3. It

is probable that the internal potential energy of the

molecule increases as the temperature rises, and this

would make the ratio of the whole energy to that of

agitation of centres greater than that of m to 3, so that

if we know this ratio by experiment, we can assert that m
cannot exceed a certain value.

For chlorine, ammonia, and sulphuretted hydrogen, m
cannot exceed 6 ; for hydrogen, oxygen, nitrogen, air,

carbonic oxide, nitrous cxide, and hydrochloric acid, it

cannot exceed 5, and for mercury gas, according to the

experiments of Kundt and Warburg, it cannot exceed 3.

Now Boltzmann has pointed out in a paper :
" Uber

die Natur der Gasmoleciile " (Vienna Acad., December

14, 1876), that if the molecules were rigid-elastic bodies of

any form, m would be 6, that if they were smooth figures

of revolution, the velocity of rotation about the axis of

figure would not be afiected by the collisions, so that m
would be 5, and that if they were smooth spheres, the

three component velocities of rotation would each of

them be independent of coUisions, so that m would be

reduced to 3, and these values are in striking agreement

with the phenomena of the three groups of gases.

But before we accept this somewhat promising hypo-

thesis, let us try to construct a rigid-elastic body. It will

not do to take a body formed of continuous matter

endowed with elastic properties, and to increase the

coefficients of elasticity without limit till the body

becomes practically rigid. For such a body, though

apparently rigid, is in reality capable of internal vibra-

tions, and these of an infinite variety of types, so that

the body has an infinite number of degrees of freedom.

The same objection applies to all atoms constructed of

continuous, non-rigid matter, such as the vortex-atoms of

Thomson. Such atoms would soon convert all their

energy of agitation into internal energy, and the specific

heat of a substance composed of them would be infinite.

A truly rigid-elastic body is one whose encounters with

similar bodies take place as if both were elastic, but

which is not capable of being set into a state of internal

vibration. We must take a perfectly rigid body and

endow it with the power of repelling all other bodies,

but only when they come within a very short distance
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from its surface, but then so strongly that under no

circumstances whatever can any body come into actual

contact with it.

This appears to be the only constitution we can

imagine for a rigid-elastic body. And now that we have

got it, the best thing we can do is to get rid of the rigid

nucleus altogether, and substitute for it an atom of

Boscovich—a mathematical point endowed with mass

and with powers of acting at a distance on other atoms.

But Boltzmann's molecules are not absolutely rigid.

He admits that they vibrate after collisions, and that their

vibrations are of several different types, as the spectroscope

tells us. But still he tries to make us believe that these

vibrations are of small importance as regards the principal

part of the motion of the molecules. He compares them

to billiard balls, which, when they strike each other,

vibrate for a short time, but soon give up the energy of

their vibration to the air, which carries far and wide the

sound of the click of the ball?.

In like manner, the light emitted by the molecules

shows that their internal vibrations after each collision

are quickly given up to the luminiferous ether.

If we were to suppose that at ordinary temperatures

the collisions are not severe enough to produce any

internal vibrations, and that these occur only at tempera-

tures like that of the electric spark, at which we cannot

make measurements of specific heat, we might, perhaps,

reconcile the spectroscopic results with what we know
about specific heat.

But the fixed position of the bright lines of a gas

shows that the vibrations are isochronous, and therefore

that the forces which they call into play vary directly as

the relative displacements, and if this be the character

of the forces, all impacts, however slight, will produce

vibrations.

Besides this, even at ordinary temperatures, in certain

gases, such as iodine gas and nitrous acid, absorption

bands exist, which indicate that the molecules are set

into internal vibration by the incident light.

The molecules, therefore, are capable, as Boltzmann
points out, of exchanging energy with the ether.

But we cannot force the ether into the service of our

theory so as to take from the molecules their energy of

internal vibration and give it back to them as energy of

translation. It cannot in any way interfere with the

ratio between these two kinds of energy which Boltzmann
himself has established. All it can do is to take up its

own due proportion of energy according to the number
of its degrees of freedom.

We leave it to the authors of the " Unseen Universe "

to follow out the consequences of this statement.

J. Clerk Maxwell

OUR BOOK SHELF
Report on Ihc Proi^rcss and Condition ofthe Royal Gardens

at Kcw diiriiii; the Year 1876. (Clowes and Sons.)

Sir Joseph Hooker's annual report on the Royal
Gardens, Kew, for 1S76, has just been issued. It is a
pamphlet of some thirty-three pages, and is a consider-
able improvement on the leports of former years. It

deals most fully with new plants of economic interest,
whether such have been actually received or sent from the
Royal Gardens, or have formed the subject of correspon-

dence with foreign or colonial governments. It is

eminently satisfactory to [know that such useful plants as
the Para rubber {Hevca brasiliensis), the ipecacuanha
(CcpluTlis ipecacuanha), the Liberian coffee {Coffea
liberica), and others, have been most successfully

introduced into India and other countries, through the
instrumentality of Kew. Of the 70,000 seeds of the
HcTca received at Kew about the middle of June last

year, all of which we are told were at once sown, and
though closely packed together, covered a space of over

300 square feet so soon as August 12th following, upwards
of 1,900 living plants, raised from these seeds, were
transmitted to Ceylon in thirty-eight Wardian cases, 90
per cent, of the whole consignment reaching Dr. Thwaites
in excellent condition. So rapid was the germination of
these seeds at Kew that some had actually started into

growth on the fourth day alter sowing, and many in a
few days reached a height of eighteen inches. It has
been arranged that these young plants shall " be nursed and
established in Ceylon for subsequent transmission through
the Indian Gardens to Assam, Burma, and other hot damp
provinces of India proper." Besides those sent to India,

smaller quantities of plants have also been despatched to

the west coast of Africa, Burma, Dominica, Jamaica, Java,
Queensland, Singapore, and Trinidad. With regard to

ipecacuanha, though Dr. King reports that he fears it can-

not be grown so far north in 1 ndia as Bengal, it is neverthe-

less in some situations capable of rapid and extensive culti-

vation, and the roots grown in India have been proved to

be quite as efficacious in a medicinal point of view as those

from the best districts of South America. In the matter
of Liberian coffee, the wide and general extension of this

new kind in coffee-growing countries bids fair, in many
parts, to entirely supersede the old and better known
Coffea arabica. Sir Joseph Hooker reports the receipt of
numerous favourable notices of the plant, and quotes
" two from opposite sides of the world," namely Ceylon
and Dominica. With reference to diseases affecting

coffee plants—which it is hoped the more sturdy habit of

the Liberian kind will help it in some measure to resist—

a

very exhaustive notice is furnished, which is not only of

much interest in a scientific point of view, but cannot fail

to be valuable to coffee-planters themselves. It will,

moreover, no doubt be the means of causing more careful

observations to be made by residents on cotfee estates or

in coffee-growing countries into the nature and habits of

diseases which are still more or less obscure.

Considerable additions are reported to the Museums and
Herbarium, the new building for the accommodation of

the latter collection being now in a very advanced state.

The new Laboratory, which has been erected at the

expense of T. J. Phillips Joddrell, Esq., is reported as

having been completed during the year, and though not
fully provided with the necessary equipment at the time

the report was written, has been already, as our readers

are aware, used by Dr. Tyndall in several of his recent

experiments and researches.

Two new features of the report which we have not

already mentioned are—first, the introduction of plates,

one being a figure of the new Liberian coffee plant, and
the other a view and ground-plan of the Laboratory

;

and second, the publication of the report, at a charge of
sixpence, by Messrs. Clowes and Sons.

Natural History Transactions of Northumberland and
Durham, vol. v., part 3. (Williams and Norgate,
1S77.)

This part is by'^no means the least valuable of these
transactions ; on the contrary, it will rank high, owing to

the contributions of Dr. Embleton and Mr. Atthey on
the structure of the Labyrinthodonts, and the eight excel-

lent plates by which their papers are illustrated. The
illustrations of Loxomma and Anthracosaunis are as

complete and instructive as any that, have yet been pub-

I
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lished of British Labyrinthodonts. The authors, how-
ever, do not recognise the articular surfaces on the

exoccipitals of Loxomma as the two condyles ; and they

speak of a concave articular surface as taking the place

of a condyle or condyles on the basioccipital bone. The
condyles in all Amphibia are produced by the exoccipital

bones, and such a character is not a special evidence of

the affinity of Loxomma with fishes. The number also

contains several interesting papers on local natural his-

tory and antiquities, and the address of the president,

the Rev. G. Rowe Hall.

LETTERS TO THE EDITOR
[TAe Editor does not hold himsilf responsible for opinicns expressed

by his correspondents. Neither can he undetiake to return,

or to correspond with the writers of, rejected manuscripts.

No notice is taken of anonymous communications.

The Editor urgently requests correspondents to keep their letters as

short as possible. Thepressure on his space is so great that it

is impossible otherwise to ensure the appearance even of com-
munications containing interesting and novel facts. ]

The "Inflexible"

My attention has been called to an article on the Inflexible, in

Nature (vol. xvL, p. 201), and I shall be much obliged by
your inserting a few remarks, which I shall make as short as

possible. On the general subject of the article I do not propose,

nor would it be proper for me, to say a word. I am concerned

only with the concluding remarks of the writer on a letter of

mine to the Times. Nothing has appeared to me more astonisli-

ing than the use, or rather abuse, which is occasionally made of

the report of Lord Dufferin's committee on ships' designs. If

their authority can be claimed for any statement, I see on all

sides a readiness to claim it. Should anything they have said

militate against a favourite view, their authority is depreciated,

and a comparison is sometimes invidiously dra\vn between the

supposed opinion of the majority and that of an intelligent

minority. Now if I.be included with the unintelligent majority

I am quite content to find myself in such good company ; but

if, on the contrary, I am included in the minority, I utterly

and absolutely refuse a compliment at the expense of my
distinguished colleagues, with whom I shall always esteem

it no small honour to have served. In fact I am not aware of

any scientific point on which that committee was not unanimous.

The writer of the article in question in common with many
others, seems to have entirely mistaken the position of that

committee. He seems to think their duty was to make their

report a treatise on Naval Architecture. The absurdity of such

a notion is apparent on the face of it. In fact they were required

to give an opinion on certain designs of ships submitted to them

as to their being in accordance with the latest developments of

the theory of naval architecture. It was no part of their duty

to descant on the principles which were successfully applied in

such designs ; but undoubtedly if they observed that in any

direction caution was necessary, they were bound to remark it.

In none of the designs was there any indication of a tendency to

curtail initial and maximum stability of their due proportions
;

had there been they would certainly not have failed to call atten-

tion to it. But while they found the design of the Devastation

in all respects sound, they yet thought it desirable that the range

of stability should in future designs be somewhat enlarged. In

recommending such enlargement they by no means committed

themselves to any such'absurd dictum as the vn iter imagines— that

range of stability is all that is requisite for the safety of a ship.

But as I have already said, to have laid down all the other

requisites of a good ship would have been to write a treatise.

Again, whatever credit according to some, or discredit accord-

ing to others, is due to the design of a ship like the Inflexible

with an armour-plated central citadel with unarmoured bow and

stem, that credit or discredit cannot be justly imputed to the
committee. Mr. Reed, in his evidence, had brought a design
with some of the .eading" features of such a ship before them,
and it occupied a considerable "share 'of their attention. Now
what do they say on this subject?—"It is not by any means
certain that some method may not be devised of securing

the requisite reserve buoyancy by other means than armour
plating." And after giving a sketch of what such a ship would
be, they conclude thus :—" In the absence of any practical

experience of the effect of large shells or of torpedoes upon such
a structure as we have in view, it is Impossible to say with con-
fidence that the object aimed at would be thus attained, but, if it

were, consequences of so much^ importance and value would
follow that we think it. right to indicate this line of inquiry as

worthy of experimental investigation."

How far such a,bare suggestion of experimental inquiry is

from the recommendation of such'a'stnicture for adoption must
be evident to your readers without further comment.

United University Club, Pall Mall, Joseph Woolley
July 20

[The above letter from Dr. Woolley is what might have been
expected from a man of his eminence in the science of naval
architecture, writing under the restraint of his nomination by the
Government to a membership of the Committee which is to
report upon the stabiUty of the Inflexible. It is no doubt to the
concluding words of our first article on this subject (Nature,
vol. xvi. p. 203) that Dr. WooUey's letter refers, and we at
once admit that there is very great force in the argument which
he now employs. The particular point in question is a very
simple one. In his letter published in the Times of July 19,
Mr. Barnaby wrote:—"According to our estimate the ship,
when fully armed, stored for fighting, and manned, will have,
independently of the unarmoured ends

—

i.e., supposing them
not to exist—a range of stability of 48 deg. The Committee on
Designs considered that 40 deg. was sufficient range for a sea-
going unmasted ship." On the following day a letter appeared
from Mr. Reed commenting on the impropriety of assuming the
non-existence of the ends, pointing out that it was 50 deg. and
not 40 deg. that the Committee spoke of as the minimum angle
of vanishing stability, and adding that when the Committee put
forward " range of stability " as "the one measure of safety " to
be considered, "they stated the most dangerous doctrine which
probably has ever been propounded in connection with the
science of naval architecture." Now, on reconsidering the whole
question, we are inclined to think that these words were not, in
point of fact, quite fair to the Committee, because there was
probably no member of the Committee who would have asserted
or admitted that "range" was the one and only measure of
safety to be considered. Dr. Woolley, Mr. Froude, Sir W.
Thomson, and probably some other members of the Committee,
doubtless knew perfectly well that the length of G z from point
to point was not only as important as "range," but far more
important in all cases of limited range ; and it is now obvious,
with the present letter of Dr. Woolley before us, that the absence
of any reference to the fact is attributable to the limited extent of
the Committee's inquiry. There is great force in the remark that
it was no part of the duty of the Committee to compose a
treatise on naval architecture. On the other hand we are bound
to deny that our remarks were penned under a contrary im-
pression. Our view is that the use to which Mr. Barnaby has put
the Report of the Committee proves that the scientific men who
composed it would have done well to have employed more guarded
Language, and to have recognised in some manner the insufficiency

of range only as a measure of safety. When they are found
speaking of a certain angle of vanishing stability as being
"sufficient to ensure the safety "of ships, it must be admit-
ted, even by Dr. Woolley and his colleagues, that some
risk of misconstruction was incurred. That misconstruction, or
perhaps we ought in this case to say misuse—or even "abuse,"
as Dr. Woolley expresses it—has occurred in the present
case is manifest, because Mr. Barnaby seized hold of the
Committee's dictum as to range, and ignored altogether the very
serious question of the amount of the stability. What makes
the matter more important than usual in the present case is that

the curve of stability due to the citadel of the Inflexible only is,

no doubt, a low and flat cur\'e, G z being everywhere so small

that in order to bring the stability up to a safe amount its range
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would have to be very greatly extended. It was, no doubt,

improper of Mr. Bamaby to make the use he did of the

Committee's words, and Mr. Reed took no pains to credit the

Committee with anything beyond what was written ; but Dr.

Woolley is, we think, a little forgetful of the fact that what
Mr. Reed wrote, and what we have since written, has had to be
said in presence of the circumstance that in a matter of the

gravest public importance a free use of the Committee's words
has been made by a high authority for the purpose of claiming

for the Inflixil'le public confidence in her stability on the ground

of range only. It is satisfactory to learn, however, on the

undoubted authority of Dr. Woolley that the Committee, what-

ever its language, not only iuetnded to give no countenance to

the doctrine that the Intlexihic would be proved safe if only she

were shown to possess sufficient range of stability, but individually

and collectively would consider such a doctrine as altogether

absurd.

Un the second portion of Dr. Woolley's letter, we entirely

concur with him. We have read over again both the evidence

and the reports of the Committee of Designs, and we cannot

find the smallest justification for the assumption that, right or

viTong, the Committee on Designs is responsible for this ship's

design. The case to the contrary is absolutely clear and
unquestionable. Mr. Reed placed before the Committee the

outline ideas of a ship of this description, but making it a sine

quA fwn—let it in justice to him be said— that the ship should

not depend " in the least degree " upon the ends, and that the

stability of the citadel should be so ample as "to make it a

matter of perfect indifference how much the ends might be
knocked about by shot and shell." He spoke of the ends as

being filled with water, and thus converted into a sort of tanks,

and it most naturally occurred to the committee to suggest

whether cork or some metallic cellular material, might not with

advantage be employed to take in some degree the place ol

water, a proposal which Mr. Reed thought well worth consi-

deration and trial. Beyond this the Committee did not go in

their report, as the quotations cited by Dr. Woolley clearly show
;

on the contrary, by recommending the course of experimental
investigation which they advised they plainly showed that, in

their opinion, sufficient grounds for depending upon cork, &c.,

for stability did not exist, and could not be shown to exist except

by large and well-considered experiments. Mr. Bamaby roundly

asserts that the Committee "did not agree with Mr. Reed's
view as to the necessary dependence of the ship upon her
armoured citadel for her floating power ;

" but the extracts from
the Committee's Report which he adduces in support of the

statement by no means bear it out. The Committee, for some
reason or other, advert to Mr. Reed's plan without mentioning
his name, but, while nowhere implying any dissent from his

main principle, they plainly enough indicate that armour should

be employed to sufficiently protect buoyancy and stability, unless

"other means than armour-plating " could be found and proved
effectual.

We shall defer to Dr. Woolley's very proper wish to restrict

his remarks to the two points above considered, and shall in no
way seek to connect them with the general question upon which
he has been appointed a judge. We may be permitted to observe,

however, that whatever the result may be, it is a satisfaction to

us to find that tlie Committee consists of gentlemen who are in

large part not merely masters of the science of the stability of
floating structures, and raised high by their individual repute
above the suspicion of partisanship, but who also, by serving on
the Committee of Designs of 1871, acquired very special fitness

for promptly considering the Inflexible case. They will know
how to go directly to the questions at issue, and after ascertaining

what stability the ship actually possesses without aid from cork,

or canvas, or other devices, .and what she possesses with such
aid, they will be able to declare with scientific confidence and
precision whether it is or is not sufficient, for they are themselves
the authors of the very standards by which that issue must be
decided. Nor will they forget that wh.itever demands for

stability existed in 1S71, still greater demands now exist when
we have the First I.ord of the Admiralty, in his place in Parlia-

ment, claiming for this very ship the ability to float and fight

even afrer three successive blows from Whitehead torpedoes. If

the result should be a disproof of our views of the subject, we
know that that disproof wii be based upon scientific grounds
that will commend themselves to impartial minds. If the result

should le to require that additional stability shall be provided
in such ships, a great public good will have been accomplished.
We need not say which result we anticipate.

—

Ed. Nature.]

The Manufacture of Leading Articles

There is a good old story told of a country editor who once
met a pressing demand for copy in a singularly ingenious manner.
At the moment of going to press, it was found to the consterna-
tion of the printer that a whole column was lacking. What was
to be done ? The whole staff was in confusion at the unexpected
discovery ; the editor alone preserved his wonted coolness.
Sending fur a copy of the Times, he clipped therefrom one of
the leaders and ordered it at once to be set up in type, prefaced
by the words " What does the Times mean by this?"

This story recurred to me with some force on reading on
the front page of Land and Water last week, an article on
Soldiers' P'ood in War ; for the original, bearing my signature,

appeared on the front page of Nati'RE (vol. xvi. p. 157). In
this case, however, my other self seems to have had more time
on his hands than the country editor, since the article in question
has been paraphrased in parts, still with such care as not to

destroy the identity. H. Baden Pritchard
July 24

The Fish-sheltering Medusa

Propably the species of fish to which Mr. Lawless refers as

seeking shelter under the swimming-disc of Aurelia aurita
(Nature, vol. xvi. p. 227) is Merlangus earbonarius (Cuv.),

popularly called boat-fish. At least I have seen the fry of this

species behaving as Mr. Lawless describes.

The observation stated in the following words appears to me
one of great interest :—" Occasionally the Medusa turned in its

pulsations, so as tn bring the umbrella undermost, when the fish

would shoot liastily out, but the Medusa had no sooner righted

itself, than the fish returned." Now, if this occasional turning
on the part of the Medusa was not merely accidental, but, as Mr.
Lawless implies, a reflex act performed with the view of
escaping from the irritation occasioned by the fish, the fact

would show that the marginal ganglia of Aiirelia aurita are so
far coordinated in their action as to enable the anim.al to steer

itself in any required direction. For my own part, I have not
as yet been able to satisfy myself that such ganglionic co-ordina-
tion occurs in any species of covered-eyed Medusa ; so it would
be well worth while if Mr. Lawless could repeat his observation

a sufficient number of times to exclude the supposition of the
somersaults being merely fortuitous.

I may take this opportunity of saying that the cut which
illustrates the abstract of my lecture on p. 232 of the same issue

of Nature as contains Mr. Lawless's letter, is intended to

represent the species of Medusa to which he refers, viz., Aurelia
anrila. The cut is about \ natural size.

George J. Romanes

Phyllotaxis

I HAVE noticed in the laurel and the Spanish chestnut species,

in which the leaves have normally a distichous arrangement, that

when a vigorous shoot takes a vertical direction— for example,
after the stock has been cut down near the ground—the leafage

of such a shoot is often quincuncial. The phenomenon suggests

tliree possible interpretations. Is this to be regarded as a fixed

adaptive habit, the spiral phyllotaxis being the fittest for the

upright, the two-ranked for the more numerous lateral twigs ?

Or are the exceptional instances endeavours after greater

economy of space in the packing of the buds? Or, finally, ought
we to discern in the peculiarities of the more vigorous shoots a
reversion towards some ancestral condition ? W. E. Hart

Drumaweir, Greencastle, July 20

Printing and Calico-Printing

As all that I am ever personally concerned to know is the
truth of a matter, I am glad to stand corrected by the writer of
the article on Calico-Printing in the " Encyclopedia Britannica."
The claim I made, however, for the author of the "Natural
History of Enthusiasm" was not my own invention; and it

would be of interest, I think, to the many who must still, even
in our day, revere his memory, to know more fully and accurately
what it was that engrossed so many years of his valuable life,

and what, if any, have been the practical results.

Brcgncr, Bournemouth, July 23 Henry CECtl.
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THE VISIT OF THE BRITISH ASSOCIATION
TO PLYMOUTH

THERE are very good reasons for anticipating that

the Plymouth meeting of the British Association

irill be at least up to the average in interest and success.

Indeed, in some respects it is anticipated that it will be

unusually attractive ; and the attendance is likely to be

much larger than from the distance west was at first thought

probable. And as the details of the local arrangements

approach completion so do the outside attractions,rendered

available for the pleasure or information of the visitors,

increase and multiply. The Government authorities have

kindly consented to render every facility in their power
for the inspection of the great establishments which con-

stitute Plymouth and Devonport one of the chief arsenals

in the world. The dockyard and Keyham yards will be

freely open ; those who desire to inspect the famous
biscuit machinery at the Royal William Victualling Yard
will be enabled to do so ; there will be gunnery practice

and probably torpedo practice also to be witnessed on
board the Cambridge. The Breakwater of course can be
seen at any time from Plymouth Hoe, and visited when-
ever weather will permit, which unless a gale is blowing

it always does. The Breakwater Fort, reared on an
artificial island of stone in the Sound immediately within

the Breakwater, granite-capped and iron-plated, is by far

the most interesting of the great chain of forts wherewith
the Three Towns are girdled, and this too, it is hoped, will

be open to inspection. The Eddystone will be visited on
the Saturday, as already stated ; but it must be under-

stood that it is by no means certain that a landing can be
efl'ected. In fair weather, even, there is at times such a
swell there as to render landing difficult, and even
dangerous, while in rough weather it is impossible.

The excursion arrangements have been somewhat
extended since our previous notice. On the Saturday, in

addition to the excursions to the Eddystone, Lee Moor,
and Iskeard for the Caradon Mines, it is now proposed
by the citizens of Exeter to invite a large party of the

members to this famous city, which abounds in objects

of antiquarian interest, and which is noted for the hospi-

tality with which it receives its guests. Iskeard too, is

moving in the same direction ; and the proprietors of Lee
Moor Clay Works, Messrs. INIartin, intend to make
provision also for their visitors. After the clay works
have been seen and justice done to the luncheon, there

will be ample opportunity for a delightful ramble on
Dartmoor. Shell Top and Pen Beacon, with their

magnificent views and prehistoric remains, are within

very easy distance, and good walkers will have the

opportunity of enjoying some of the most romantic
scenery in Devon, in the valleys of the Plym, and other

moorland rivers.

The excursion arrangements for the Thursday remain
unchanged ; but there has been a considerable addition

to the list of available attraction?. The engineers of the

party, through the kindness of Mr. Margary, engineer of

the Great Western Railway for the district, will be
enabled to inspect the Royal Albert Bridge to their heart's

content—even to a scramble through the tubes. The
great granite works and granite quarries of Messrs.

Freeman at Penryn ; the mines of Dohvath, Tincroft,

and Carn Brea (by the kindness of Capt. Josiah Thomas
and Capt. Teague) ; the pneumatic stamps of Mr. Hus-
bai.d, at the Hayle Foundry ; the tin smelting works of

Messrs. Bolitho, at Penzance, will all, by the courtesy of
their proprietors, be available to be visited by members of

the Association. And as the Earl of Mount-Edgcumbe
has kindly opened his magnificent park and his romantic
mansion of Cotehelc, so Sir John St. Aubyn permits his

famous and historic residence, St. Michael's Alount, to be
visited by those members of the Association who may
find their way so far west.

The public museums of the two counties will, we believe,

be all open to the members. The chief are that at Exeter,

that of the Royal Cornwall Institution at Truro, and that

of the Royal Cornwall Geological Society at Penzance.
Mr. C. C. Ross, of the latter town, has one of the best
private collections of minerals in the West of England,
and will gladly show it to all who feel interested in mine-
ralogy. Then there are the museums of the Torquay
Natural History Society, the specialty of which is its

Kent's Cavern collection, which will form one of the
attractions of the Torquay excursion, and the Museum of
the Plymouth Institution, in which will be found a magni-
ficent collection of flmt implements and weapons lent and
arranged for the occasion by ?vlr. Brent.

There will be several local papers contributed to the

various sections, but the list is hardly likely to be so long
as at the meeting of 1841, when the local contributions

were unusually numerous.
The Pharmiceutical Society will, as usual, hold their

meeting immediately prior to the meeting of the British

Association at Plymouth, and the Mineralogical Society
and the Society of Public Analysts, will also meet at

Plymouth during the Association week.

THE GORILLA
SINCE Monday last the young gorilla from the Berlin

Aquarium has been exhibited, during most hours of the

day, at the Westminster Aquarium, in comaany with a
chimpanzee. This is the first occasion on which a living

gorilla has been publicly exhibited in this country as

such, an earlier specimen some years ago, in a travelling

menagerie, having passed for a chimpanzee during its

life- time.

The gorilla, which is about three years old, appears in

excellent health, and differs mist strikingly from its com-
panion in the blackness of its face and extremities, the

smallness of its ears, the shortness of its muzzle, the

great development and breadth of the alae of its nose, the

shortness and softness of its thick-set body-hair, the

presence of a frontal hair-tuft, the breadth and flatness of

its back, which is also capable of greater backward bend-
ing, the smallness of the four outer toes, which are free

for but a short distance, the breadth of its hands, and the

massiveness of the liape of the neck. The conjunctiva is

black, and the eye intelligent. We think that no one
interested in natural history should lose the opportunity

of seeing this particularly interesting Anthropoid ape.

BRISINGA

NEARLY a quarter of a century ago the celebrated

Norwegian poet and naturalist, P. Chr. Asbjornsen,

was dredging in the interior of the picturesque Hard-
angerfjord, when, at a depth of about 200 fathoms, the

dredge brought up a wonderful new star-like Echinoderm,
quite unlike any form that had been up to that moment
described. From a little circular disc of about an inch in

diameter there issued eleven spreading arms or rays up-

wards of a foot each in length. These were armed along

the edges with several rows of long spines ; these arms,

while standing near together at their base, generally taper

away gradually to their tips. The colour, though variable,

was, on the upper or dorsal surface, of a more or less red
hue and paler, often to whiteness, on the under surface.

On the lower surface of the disc, and occupying the

central space, is seen the mouth-like aperture of the ali-

mentary system, and spreading away from it along the

centre of each ray-like arm, are the deep ambulacral fur-

rows, so called because from these furrows issue the

ambulacra or water-feet. These form two uninterrupted

rows, and are flanked by several palisades of strongly-deve-

loped spines, the outer ones being the longest. All these

spines are enveloped in an integument which is covered

with strange- looking Pedicellariae.
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Only an instant's glance at this brilliant novelty was

vouchsafed to the poet-naturalist ; for beneath his glance

the star-fish, thus brought up to quarters new to it, threw

off all its arms, and what was once a thing of beauty be-

came now a tangled mass of writhing arms moving away

from the disc that had so long borne them company.

From living in great darkness and in the tranquil

depths of the ocean's bosom, the being brought so sud-

denly up into the bright sunlight and to the agitated

movements of that ocean's surface was too great a change

and too severe a shock, and the catastrophe just men-
tioned was the consequence. To Asbjornsen, however, this

thing of beauty seemed like a link in the chain of the past.

In its unlikeness to most recent forms of star-fishes he
saw its connection with certain fossil forms, and in its

brilliant sun-like form he was reminded of the '' Brising"

which, according to ancient Norwegian tradition, was
concealed by Loke in the abyss of the primeval ocean,

but which had so long served as the ornament to cover

the breast of the god Freya, and he gave the name of.

Brisinga to the new genus.

From the number of its arms Asbjornsen called this

new species 7>. endecnciifmos, and until quite recently if

was the only species known. In one locality of the fjord

—

Hesthammer—its occurrence cannot be considered as

very rare, it has only been met with on rocky bottoms
and at depths of from 200 to 400 fathoms. It has also

been dredged by Prof. G. O. .Sars some miles north of

Bergen ; by Sir Charles Wyville Thomson in the North
Atlantic, and off the west coast of

Portugal by Mr. Gywn Jeffreys, an
account of the finding of these

latter specimens will be found in

Prof. Sir C. W. Thomson's most
interesting work on the " Depths
of the Sea."

A second species of this genus
was in 1869 and 1870 brought up
by Prof. G. O. Sars at the fishing-

place Skraaven, in Lofoten, from a
depth of 300 fathoms, and this

species has also since been found
in the great depths of the Atlantic

'~'cean ; for this species the name
I>. corotiala has been selected by
Sars, and this name has been
adopted by Thomson, from whose
work the accompanying beautiful

woodcut of this species has been
borrowed. It represents the ani-

mal as seen from above ; five rudi-

mentary arms in one series take'

the place of those that have been
lost, for in this species the num-
ber of arms varies from nine to

twelve.

This new species has been made
the subject of an elaborate memoir
by Prof. G. O. Sars, in which
memoir the structure and affinity

of the genus is also fully discussed.

It has been published as the Uni-
versity of Christiania's programme
for the latter half of 1875. With
the aid of a tolerably large number
of fresh specimens and by repeated
careful dissections, Sars has been
enabled to ascertain most of the

points in connection with its his-

tology, and seven plates assist in

illustrating the structures described.

He considers the functions of the

remarkable little organs called Pedi-

cellaria;, which occur in most sur-

prising number in both species of
Brisinga, as that of seizing and
holding fast the objects which come
in contact with them, those that

are found on the dorsal surface,

thus acting as protectors to the

thin skin ; and those on the lower
suilace acting in the service of

alimentation.

Among living star-fishes Brisinga seems to stand iso-

lated, coming perhaps nearer to Pedicellaster ; with the

oldest known fossil star-fish Prolaster, it shows close

affinities, but would seem to be older and less specialised,

and if so it would then be the most primitive as well as

oldest fqrm known of Star-fishes. It must therefore be
kept in a family of Echinoderms by itself which may be
called B>-''int^idce.

E. P. W.
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A REMARKABLE DEFORMITY OF THE
TEETH AMONG THE INHABITANTS OF
THE ADMIRALTY ISLES'-

'T'HE Russian traveller, M. Miklucho-Maclay, in the
-'• course of recent travel in Melanesia, has noticed
among the natives of the Admiralty and Hermit Isles a

remarkable peculiarity in the teeth, the upper incisors

projecting " shovel like," almost horizontally, and to such
a degree as to extend even beyond the lips when the

mouth is closed. The breadth, moreover, of one of these

tee'h is at times so great as to equal its visible length
;

being in the specimen figured as much as 19 millimetres

* See a note contributed to the lUiistrh-ti: Zcitintg of Leipzig by M.
Mikluclio-Maclay.

to 16 mm. of length, measured, of course, from the edge
of the jaws, not from the extremity of its fang. As all

the teeth have a blackish polish, due to the prevailing

habit of betel-chewing, the mouth presents a somewhat
ghastly appearance. M. Miklucho-Maclay has nowhere
else met with a similar deformity of the teeth, but heard
of such, when on the peninsula of Malacca, the race in

which It occurs being called " orang-gargassi." '

J. C. G.

RAINFALL AND SUN-SPOTS
A'XrE have received the following communications
*» having reference to Gen. Strachey's paper on the

above subject, which we printed some little time back.

The conclusions of Mr. Meldrum as to a relation

between the amount of rainfall and the frequency
of sun-spots have become a subject of much interest

with reference to the possibility of being prepared (o:
such a deficiency of rain in India as may result in a
failure of crops and consequent famine. That the vary-
ing yearly rainfall at Madras showed on the whole a
rather marked agreement with the sun-spot period, has
been known to me for some time, and Dr. Hunter has
lately made an examination of the amounts relatively to

an eleven-yearly cycle which has excited marked attention

on account of its possible practical application. Gen.
Strachey has made a discussion of the Madras observa-
tions in a paper read before the Royal Society, a full

abstract of which has appeared in Nature (io\. xvi.,

p. 171). He has sought to show that there is no evidence
in the Madras observations of periodicity at all ; and
that if the rainfalls for each of the sixty-four years were
written on slips of paper and drawn from a bag, so that

the first amount drawn should be placed to the first year
(18

1 3), the second to the next year (1814), .-md so on, as
well-marked a result would be obtained as is shown by
the quantities observed in their respective years. This
conclusion he founds on the following method, which he
terms a " true criterion of periodicity."

If the differences of the rainfall for each year from the
mean of the whole sixty-four years be taken, and the
mean of all these differences (without respect to sign) be
called the general mean difference ; if we arrange the
yearly rainfalls in horizontal series of eleven successive
years (there will be six such series nearly), and the
means for the first, second .... years of the series be
taken, these quantities (periodic means) will show the
mean variation in the period of eleven years, if any such
exist. If now the differences of the yearly rainfalls from
the periodic means for the corresponding years be
obtained, the means of these, irrespective of sign, may be
called ihe periodic mea.n differences. In the case of the
Madras rainfalls Gen. Strachey finds^

The ^'<'««v7/ mean difference = I2'4 inches,

The periodic ,, ,, = II'2 ,,

and his true criterion of periodicity, though not so
definitely stated as might be wished when so important
a rule is proposed, appears to be that if there be no
periodicity the variation in the periodic means will tend
to disappear in a sufficiently long series of observations
and the general and periodic mean differences be iden-

tical. It seems to me that the disappearance of a varia-

tion in the periodic means is here the true criterion of

no-periodicity ; but though a very large variation exists

in the case of the Madras observations, yet Gen. Strachey
concludes that since the periodic and general mean
differences agree so nearly, there is no tendency to

periodicity shown in the Madras observations.

As an illustration of the true criterion, Gen. Strachey

^ Man-devil. Orang\% the usual Malay word for nun, while gar^asn is

equivalent to the German QuAlgeist, tormenting spirit.—J. C. G.
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takes the two hourly observations of the barometer for

hve successive days at Madras, and shows that

—

yhs ge}ie}-al mean difference = 0'030 inches,

'Vhs periodic ,, ,, = 0'0I4 ,,

Here, he says, a true period existing, the periodic mean
difference becomes much less than the general mean
difference.

1 shall now venture to show that this is no criterion of

periodicity. If we represent variations of any quantity

lor a given time by a curved line, and if we have several

such lines of exactly the same form placed one over the

other, a straight line passing through the curves, with as

much space between the straight and curved lines above

as below, will represent the general mean. In a simple

curve of two branches the general mean difl'erence will be

nearly one-fourth of the amplitude of the oscillation ; while,

as all the oscillations agree with each other, and therefore

with the mean oscillation, the periodic mean difference will

be zero. If, however, we displace the individual curves

so that as many shall be above as below their mean,

both the general and the periodic mean differences will

increase, and the difference between these quantities will

diminish, till the individual curves are so separated from

the mean that none of them is cut by it, when the two

mean differences will be equal : between this case and

that of general coincidence the two mean differences will

have values which will differ more or less from each

other, according as the individual curves are nearer to,

or more remote from, the mean ; and the ratio of the one

mean diflerence to the other will tend to a constant value

as the number of cycles increases, a ratio which will

depend for its value on the mode of distribution of the

individual curves and of the irregular deviations from the

mean.
Gen. Strachey's illustration is from a case approaching

coincidence ; hundreds of cases, however, may be found

of the other class, especially when, as in this instance,

only a few periods are in question. Thus, taking two

hourly observations of the barometer at Simla during six

days in the beginning of January, 1S45, I find—
Tlie general mean difference = o'o634 inches,

Tlie/tvmZ/f ,, ,, = 00615 >>

and if the last day of the six be omitted so as to have an

odd number of days, I find

—

The general mean difference = 0'o656 inches.

IXk periodic ,, ,, = 00634 ,,

Gen. Strachey's conclusion from the Madras rainfall

observations is in fact that because the periodic mean
difference was only one-tenth less than the general mean
difference, there was no evidence of periodicity whatever

;

here we have a large and regular semi-diurnal period (the

whole mean range being o'cyo inch) where the periodic

is not one-thirtieth less than the general uisSin difference.

I may add that when the true sun-spot period of ten

and a half years is employed, for the Madras rainfall

observations, I find

—

The ^I'mva/ mean difference = 1 2'4 inches.

The periodic ,, ,, = io'2 ,,

quantities which differ by five times as much as those

found for the true periodic variation of the barometer at

Simla.
I have taken the variation chosen by Gen. Strachey to

illustrate this question, but the fact that the difl'erence of

ihc i^eneral and periodic mean difference is no criterion

of periodicity might have been shown equally well with

cases more resembling that of the rainfall, where the

irregular variations are large compared with those following

a known period ; I cannot here, however, enter into

details and notice only the objections offered by me to

Gen. Strachey's paper when it was read before the Royal
Society.

It would be easy to show that the Madras rainfall

observations, laieu alone, give results which are remark-
able in several respects. Thus, ist, They show a mean

oscillation larger for about ten (nine to eleven) years than
for any other duration. 2nd. When the mean variations

for a period of ten and a-half years are represented by a
function of sines they give the yearly mean rainfall (y)
in the period, ^ = 6 2 sin (^ + 310°), showing the large

range of i2'4 inches. 3rd. This representative equation
gives the epochs of maximum rainfall in the years of

maximum sun-spots, or as nearly so as would be given
by the mean sun-spot areas represented by a similar

expression.'

On the other hand, the irregularity in the amount of

rainfall from year to year is so great that the probable
error of the periodic means is too consid'^rable to give

any great weight to this result alone.^ When observa-
tions during a sufficiently large number of cycles have
been obtained, so as to make the probable error of the

means small compared with the range of the periodic

variation, then there will be a general acceptation of
Gen. Strachey's remark :

" It is hardly conceivable that

there should be a coincidence with the sun-spot period,

such as is supposed to be found at Madras, based on any
physical cause which should not in some way be discern-

ible in the rainfall at Bombay and Calcutta" (Nature,
vol. xvi. p. 172). fie has then taken Jii'e cycles of
eleven years' rainfall at Bombay, and pour cycles at

Calcutta, and testing them by his criterion he obtains

results quite similar to that for Madras.
I have only the periodic means for the five eleven-yearly

cycles at Bombay now before me, but seeking from these

the representative equation of sines as for Madras, and
repeating the latter for comparison, 1 find

—

Bombay y = 6'I sin {$ + 316°).

Madras y = 6-2 sin ($ + 310°).

Both equations give almost exactly the same range of the
oscillation and nearly the same epochs of maximum and
minimum as the sun-spots.^ This result, which was
wholly unexpected by me, is all the more remarkable that

the two places are on the opposite coasts of India, and
have their rains from different quarters. Calcutta, with
a sufficiently large number of cycles, might also have
agreed with Bombay and Madras, which is not the case,

however, with four cycles only. In each case the criterion

would show that no periodicity exists.

1 cannot, then, agree with Gen. Strachey as to his test

of periodicity nor to the conclusions he has deduced from
it. I will not enter here into the consideration of the

weights which may be given to results founded on the
known principles of the calculus of probabilities, nor
into the question whether the rainfall, not at one or two
stations only, but over a country or the whole globe, may
not show some relation to the sun-spot period as Mr.
Meldrum believes, and as I think quite possible, judging
from other results of solar actions. This relation, how-
ever, it appears to me has still to be proved, though the
observations considered by Gen. Strachey are, on the

whole, so much in its favour as to encourage further

investigation. JOHN Allan Broun
Lyndhurst, New Forest, July 18

In the paper read by Gen. Strachey before the Royal
Society, May 24 (sec Nature, vol. xvi. p. 171), "On
the alleged Correspondence of the Rainfall at Madras
with the Sun-spot Period, and on the True Criterion of
Periodicity in a Series of Variable Quantities," certain

conclusions are arrived at which render it desirable to

test the value of the criterion of periodicity employed.
This is the more necessary when it is considered not
merely that the principle, if a sound one, must be of

' The years given by the equalion, the series commencing with i8i3'5,

are 1817 8, 1828 8, 1838-8, 1849-8, 1859-8, T870 8. The condition that an
oscillation should agree in its epochs of maximum and minimum with (hose
ot a known phenomenon (a very weighty ote when the chances are to be
coi sidered) has bten neglected by uen. Strachey altogether.

^ T his refers to the periodic means deduced from the observed quantities :

the above equation for Madras gives the observed meaus with a probable
error of le-s than 3 inches.

3 The first cycle at Bombay begins with the same year, (1824-5) as the
second cycle for Madras.
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extensive application in physical research, but also, and
more immediately that the conclusion arrived at seriously
affects the great modern problem of Indian administration,
viz., the food-supply of the people. The conclusion is that
in the case of the rainfall observations of Madras, which
have been discussed by Dr. Hunter, the Director-General
of Statistics to the Government of India, the evidence is

not sufficient to establish either any periodicity or a
correspondence such as Dr. Hunter points out. The
correctness or incorrectness of Gen. Strachey's views will,

it is evident, materially influence the line of action taken
by the Government in dealing with the disastrous famines
consequent on the recurring droughts of Southern India.
The criterion of periodicity brought fonvard by Gen.

Strachcy will appear from what follows. The mean
rainfall at Madras for the sixty-four years is 48-5 1 inches

;

if we take the difference between this mean and the rain-
fall of each individual year, and average the results, we
obtain 12-40 inches as the arithmetical mean of the sixty-
four differences. If we now partition the sixty-four years'
rainfall into six sun-spot cycles of eleven years each, and
take the difference between each individual year's rainfall
and the mean of that term of the sun-spot cycle in which
that year's rainfall stands, and then average these sixty-
four new differences, we obtain 11-20 inches as the
arithmetical mean. Since 12-40 inches, the mean differ-
ence of the individual observations from the mean of the
whole series, is, by the latter process, only reduced to
11-20 inches, or about 10 per cent., Gen. Strachey
concludes that the supposed law of variation obtained
from the means of the six eleven-year cycles hardly gives
a closer approximation to the actual observations than is
got by taking the simple arithmetical mean as the most
probable value for any year ; and that the evidence, there-
fore, is not sufficient to establish any periodicity in the
rainfall of Madras, or any correspondence between it and
sun-spots.

In illustration of his meaning Gen. Strachey applies
his criterion of periodicity to the diurnal barometric
oscillations at Madras, in which a well-ascertained period-
icity exists. The result of the calculation is that the
mean difference of all the individual observations from
the mean of the whole series is 30, whereas the mean
of the differences between the two-hourly individual
observations and the averages of the same hours is
reduced to 7, thus indicating, it is added, the distinct
presence of a periodicity.

In concluding against the presence of any periodicity
in the rainfall of Madras, Gen. Strachey makes these two
assumptions:— (i) If there be a periodicity in the rain-
fall of this part of India, it would be made apparent by
applying his criterion of periodicity to the observations

;and (2) the difference between the two arithmetical means
calculated as above must exceed at least 10 per cent.
The diurnal barometric oscillation at Madras is so

regular a phenomenon that it was scarcely worth while
to make the calculations, since one could have made a
close approximation to the averages 30 and 7 by a simple
inspection of the figures. Further, this periodicity which
has been selected is altogether inappropriate to the sub-
ject in hand, as no one could possibly imagine for a
moment that any periodicity which might characterise
the rainfall of Madias would exhibit an approach to such
regularity of occurrence as characterises the curve of the
diurnal oscillation of the barometer at that place. The
periodicities which suit the subject before us are such as
are presented by the curves of the diurnal barometric
oscillation in the British Islands.

Let us then apply Gen. Strachey's true criterion of
periodicity in the examination of such a curve, taking for
our ex imple the barometric observations at Valencia for
the month of December, 1876, as published in the Hourly
Kcaditii^s at their seven observatories, by the Meteoro-
logical Committee for that month. The examination will
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at the same time test the value of this new criterion as an
implement of scientific research.

The mean of the whole 744 observations is 29-256 inches.
The differences of the individual 744 observations from
29-256 inches give an arithmetical mean difference of 0-3372
inch : and the differences between each ofthe individual 744
observations and the means of their respective hours give
an arithmetical mean difference of 0-3369 inch. Looking at
the individual hours the largest differences are o 3434 inch
and 03413 inch at 10 p.m., and 0-3444 inch and 0-3459 inch
at 6 A.M. Thus the difference of these two arithmetic
means is only 00003 inch, and the largest difference for
any hour amounts only to 0-002 1 inch.

Now Gen. Strachey concluded against the presence of
a periodicity in the rainfall of Madras on the ground that
the two arithmetical means differed only 10 per cent, from
each other. It follows A. fortiori^ if this new criterion is

of any value, that the presence of a periodicity in the
diurnalbarometric oscillation at Valencia during December
last be concluded against, inasmuch as the difference
between the two arithmetical means is only J^ per cent.,
and not rising quite to I per cent, for any of the
twenty-four hours.

The averages for the month, however, show in an
unmistakable manner the presence of such a periodicity.
The mean pressure there fell to 29-245 inches the morning
minimum at 7 a.m., rose to 29-263 inches the morning
maximum at 1 1 a.m., fell to 29-238 inches the afternoon
minimum at 3 P.M., and rose to 29-273 inches the after-
noon maximum at 10 p.m., the time of occurrence of these
phases of the curve differing no more than an hour from
the mean periods for Valencia at this season of the year.
The periodicity is, as stated, a well-marked one, the
sum of the diurnal oscillations amounting to o-io6 inch,
being three-fifths of the sum of these oscillations for
Madras which average for December 0-174 inch. We
do not require to remind our readers that the phenomena
of the diurnal oscillations of the barometer take their
place among the most uni-/ersally accepted and best
established periodicities of science.

In the concluding paragraph of his paper Gen. Strachey
apparently applies another criterion to the Madras rain-
fall, which consists in the comparison of the successive
combination of the observations, beginning with one
eleven-year cycle, and then combining two cycles, and so
on, till the whole six cycles were united. The result
arrived at by this treatment of the figures, is that the suc-
cessive means of the differences between the mean rainfall
for the combined cycles and the mean for the several
years of the cycle when combined, show no appreciable
periodicity.

With reference to this mode of testing the question, it

may be enough to say that even were the result of such
an examination as adverse as possible, it could not be
used as a conclusive argument against the existence of
periodicity, for the very plain reason that we are investigat-
ing a periodicity for which only six terms or separate cycles
are available, and in these cycles the non-periodical
elements bulk largely. But the following table, referring
to the portion of the diurnal barometric curve between the
morning and evening minima at Valencia for December
last will illustrate the point :

—
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The observations of the third will be seen to follow,

though somewhat roughly, this portion of the curve for

the month. The means of the third and fourth show a

greater divergence from the monthly curve, and so on
through the combinations, each successive combination
showing instead of a continued approximation to, a con-

tinually increasing divergence from, the mean hourly

variation of the month. It is this consideration, to which
Gen. Strachey does not appear to have given due weight

in his paper, which has led Meldrum and others in their

investigation of periodicities of the rainfall and tempe-
rature, to extend their inquiries not only over lengthened

intervals of time, but also over as wide areas as possible.

It may be added, that this new criterion of a periodicity

enunciated and applied by Gen. Strachey at a meeting of

the Royal Society in May last would, were it accepted,

equally sweep from our view scores of periodicities now
everyvvhere accepted, and effectually foreclose inquiry in

many fields of research in which science is certain to reap

briUiant results, namely, in those departments of research

in which the non-periodical are very largely in excess of

the periodical variations, of which meteorology may be
regarded as presenting the most numerous and best

illustrations.

GEOLOGICAL NOTES
German Geological Surveys— (i) Austria.—The

programme of the Austrian Geological Survey for this

year shows that the work is advancing, as it has been
doing for some time past, mainly in two directions, one
lying on the extreme cast, the other on the far west of

the empire. In the Tyrol two sections or parties are in

the field ; one of these, under Dr. Stache, and Mr. F.

Teller, is investigating the crystalline masses of the

Central Alps along bot'i sides of the Vintschgau ; the

other, under Dr. E. v. Mojsisovics and Messrs. M. Vacek
and A. Bittner, is engaged among the sedimentary
formations between Botsen and the Venetian frontier. On
the other side of the empire, in Eastern Galicia, Bergrath
C. M. Paul and Messrs. Tietze and Lenz are busy
among the Carpathians and their spurs to the south of
Stanislawow. The vice-director of the Survey, Bergrath
D. Stur, will also this year publish his researches on the

flora of the Carboniferous period. The whole of the

operations of the Survey are controlled and directed by
the able hands of Ritter von Hauer.

(2) Province of Prussia.— Besides the national survey
organised and paid by the government for the investiga-

tion of the geological structure of the kingdom of Prussia,

there is in progress under the auspices of the Physical-

Economical Society of Konigsberg a geological investi-

gation of the Province of Prussia with the publication of

a map on the scale of TnoWy- I' might seem at a first

glance that this wide alluvial plain could hardly offer

much opportunity for geological observations or for much
variety of colouring on the map. But by means of careful

examination of the surface and well-arranged borings
below it, much valuable information is being obtained
regarding the structure and history of the alluvial, peaty,

and drift deposits of the Baltic plain of Prussia. The
lively inteiest which has been raised on all sides by the
undertaking has suggested the idea to publish yearly an
account of the progress of the work with notices of the
more interesting observations and discoveries, and such
additional information from other investigators or from
other countries as may throw light upon the geological

history of the province. Dr. Alfred Jentsch has prepared
the first Jalircsbcricht, which appears in the Transactions
of the Physical-Economical Society. After a brief account
of the preparation of the map, and of the various boring
operations he gives an interesting resume of the geology
and physical geography of East Prussia, including the
variations of water-level in the Vistula and Pregel, the

peat-mosses, marls, alluvial clays, drifts, brown-coal, and
amber-deposits, with the cretaceous, Jurassic, and
palaeozoic rocks made known by boring explorations.

Geological Survey of Newfoundland.—Mr,
Murray has published a second edition of the Index
Geological Map of Newfoundland on the scale of twenty-

five miles to an inch. It is of course brought up to date,

and exhibits with great clearness the distribution of the
various rocks of the colony. The remarkable serpentines,

slates, and metamorphic rocks overlying the sandstones of

the Quebec group on the west iide of the island, are

so inserted as to show distinctly their unconformable rela-

tions to the rocks below them. Four sections are likewise

placed upon the map for the explanation of the geological

stracture of different regions. The mnp, in regard to execu-

tion, is all that could be desired, considering its small scale

and provisional character. Mr. Murray's Report for 1876
has just been issued. The ice which hugged the coasts so

late last year prevented a start being made until the end
of June. During the few months available for explora-

tion, Mr. Murray and Mr. Howley succeeded in mapping
some portions of the interior about the Gander and
Gambo rivers. As usual the routes lay along the river-

courses where almost the only geological observations can
be made, the intervening country being covered with

swamps or forests. The Report shows that considerable

areas of good agricultural land lie in the interior, and that

while large masses of valuable timber exist they need to

be guarded against the ignorant and wanton operations

of lumber-men.

CHEMICAL NOTES
New Chromium and Manganese Compounds.—

Some new compounds of chromium and manganese have
lately been prepared and examined by Mr. J. B. Hannay,
who has communicated a paper on the subject to the

Glasgow Philosophical Society. On examining any
general list of carbon compounds it is to be remarked
that, however complicated their structure, they are not as

a rule decomposed by water ; on the other hand complex
compounds of other elements are as a rule decomposed
by this substance into two or more simpler compounds.
Mr. Hannay was therefore induced to examine whether
carbon is or is not the only element capable of forming

series of bodies of complicated structure ; and whether
the existence of water on this earth is the reason of our

not having complex bodies with other elements than

carbon for their basis. The plan adopted was to take

some complicated substance (containing no carbon) which
is decomposed by water, find a solvent for it, and act on
it with other reagents out of contact of air and mois-

ture. The substance used was oxychlorid of chromium,
(Cr02Cl.,), and the solvents employed, carbon disulphide

and carbon tetrachloride. Mr. Hannay has devised an
apparatus which allows of the substance being precipi-

tated, filtered, washed, dried, and weighed off for analysis

without coming in contact with air or moisture. The
following is a list of the chromium compounds prepared

by him :

—

CrsCliSOj. CrjCI^Sj.

Cr.,Cl4S0.2. Cr^CliiSjOj.

CroOiBr.,. Cr^ClgSaOij.
Cr'„Cl4S2b2. CrCloSs.HaO.
CrXloS. CrCloS.,.

CrXJ4Br2S. CrClsPSO.
CrXliS^. CraClePjOn.

CrjClnP^Oo.

Mr. Hannay has prepared some analogous manganese
compounds, but the analyses of these have not as yet

been finished.

Complex Inorganic Acids.—Dr. W. Gibbs has
lately obtained a series of new inorganic acids formed

CraClsPaBrgOj.
Cr3ClBP46{HjO).
CraClgPi.
Cr3C)„PCl.

CraOsPBr.
(Cr3CI„P),0.

CrXLP.
-
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on the type of the silico-lungstic acids obtained by
Marignac. The new series of sails contain platinum
instead of silicon, and the salt ioW03Pt024Na,0
+ 25 HjO has been obtained by boiling platinic hydrate
Pt(OH)j with acid rodic tungstate. Two metameric
sodium salts have been obtained, one of an olive-green

colour, the other honey yellow with an adamantine lustre.

The corresponding potassium and ammonium salts of

this platino-tungstic acid have also been obtained, but

they belong to the yellow series. Mr. Gibbs has not as

yet obtained salts corresponding to Marignac's twelve atom
silico-tungstates. Acid molybdate of sodium also dissolves

Pt(OH)j, giving a green solution, which appears red
when viewed in thick layers ; the only salt of this series

studied, crystallises in amber tabular plates having the

composition ioiM03PtO,4Na^O + 25H^O. He is endea-
vouring to generalise the results by substituting other

hydrates, such as Zn(0H)4, Ti(OH)„ Sn(OH)„ but has,

as yet, in these cases not obtained very definite results.

He is also engaged in examining the phospho-tungstic

acids containing 20WO3 obtained some time ago by
Scheibler.

A SUPPOSED NEW Metal " Davium."—The discovery

of this new element is reported from St. Petersburg by
Serjius Kern. It was found by him in the residues of

platinum ores after treatment to separate out the metals
of the platinum group. The specific gravity of the metal
is given as 9'385 at 25°. The author supposes this new
metal to occupy an intermediate position between molyb-
denum and ruthenium, but very strong evidence will be
necessary to confirm the existence of a new metal belong-

ing to the platinum group.

Effect of Pressure on Chemical Action.—M.
Berthelot, in a recent number of the Bull. Soc. Clwiii.,

calls attention to the fact that some experiments lately

made by Quincke have confirmed a statement made by
the former chemist some time ago, that the evolution of

hydrogen from zinc and sulphuric acid is not arrested by
pressure. The experiments of Quincke show that when
these bodies are brought in contact, the pressure of the

hydrogen evolved rose in a few days from i'5 to 10 atmo-
spheres, and in a very much longer time from 25 to 126
atmospheres. Berthelot thinks that these experiments,
although not performed for this purpose, prove that

chemism is not modified, but only the nature and extent

of the surfaces attacked. The evolution of gas would
thus go on indefinitely, not arrested, but only modified in

rapidity.

Amount of Oxygen contained in Sea-water at
DIFFERENT DEPTHS.—At a recent meeting of the Royal
Society of Edinburgh Mr. J. Y. Buchanan communicated
some results obtamed from his experiments on the above
subject during the cruise of the CliallcngLr. Mr. Buchanan
finds that at the surface the amount of oxygen varies

between 33 and 35 per cent., the higher numbers having
been observed in a water collected almost on the Antarctic

circle ; the smallest percentages have been observed in

thfe trade-wind districts. In bottom waters the absolute

amount is greatest in Antarctic regions, diminishing
generally towards the north. The oxygen percentage is

greatest over " diatomaccous oozes," and least over red
clays containing peroxide of manganese; over "blue
muds " it is greater than over " globigerina oozes." In
intermediate waters the remarkable fact was observed
that the oxygen diminishes down to a depth of 300 fathoms,

at which point it attains a minimum, after which the

amount increases. The following figures show the nature

of this phenomenon :

—

D Dth 1

1

i 1 I

' II tietween 80-3

(lathoms)
'1 °M ^° '°" °°°

'

^°° ''°°
^°

boucm"

(O + n'=i'5)o)}
33'7 I

33'4
j

32'3
|

30'2 33'4
|

"'4 I5"S 22'6
|

23'5

It is evident from these figures that between 20c and 400

fathoms there is a great consumption of oxygen going on,
and, as it is difficult to conceive its being consumed
otherwise than by living creatures, the conclusion may
be drawn that animal life must be particularly abundant
and active at this depth, or at least more abundant than
at greater depths ; for, at less depths, there is more
opportunity of renewal of the oxygen by reason both of
the greater proximity to the surface and of the existence
of vegetable life. This conclusion is borne out by the
experiments of Mr. Murray with the tow-net at inter-

mediate depths, which go to prove the existence of
abundance of animal life down to 400 fathoms, vegetable
life never extending much below 100 fathoms. Below
400 fathoms life is sparingly met with.

OUR ASTRONOMICAL COLUMN
The Total Solar Eclipse of 1605, October 12.

—

It is known that Clavius attributed the ring of light which
he observed round the moon during the eclipse of April

9, 1 567, about the time of greatest obscuration at Rome,
to the circumstance of the sun's disc not being entirely

covered by our satellite, a narrow rim of light thereby
remaining visible. As Prof. Grant relates, in his
" History of Physical Astronomy," Kepler maintained
that the luminous ring seen by Clavius could not have
been the margin of the solar disc, because he found by
calculation that the moon was at her mean distance from
the earth, when her apparent diameter exceeds that of the

sun, even in perigee ; and when a similar ring of light was
remarked round the moon during the eclipse of February

25, 1598, and attributed to the same circumstance, Kepler
again pointed out that such an explanation was inadmissible,

themoon's apparentdiameter, on this occasion also, exceed-

ing that of the sun. These opinions were expressed by Kepler
in his work "Ad Vitellionem Paralipomena," published in

1604, and Prof. Grant remarks that an eclipse in the

following year strikingly confirmed them. This refers to

the eclipse of October 12, 1605, observed at Naples, of

which Kepler writes thus : {Uc Stella Nova in pede
Serpetitarii, p. 116) "the whole body of the sun was
effectually covered for a short time. The surface of the

moon appeared quite black, but around it there shone a
brilliant light of a reddish hue, and uniform breadth,

which occupied a considerable part of the heavens." We
follow Prof. Grant's translation of this passage, which
clearly proves that the eclipse was total for a brief interval

at Naples.

As the eclipse of 1605 first confirmed the accuracy of

Kepler's views, in opposition to those of Tycho Brahd,

who disputed the possibility of a total eclipse of the sun,

it may not be without interest to examine the circum-

stances of the phenomenon as it would be observed at

Naples. For this purpose the same system of calculation

adopted for other eclipses mentioned in this column, is

followed. The elements are :

—

G.M.T. of Conjunction in R.A. 1605, Oct. 12, at oh. 31m. 44s.

197 1451-0

35 37-1

2 19T
6 40 27-9 S.

731 32-53.
10 50'2 S.

o 56-4 S.

5921-2
8-9

16 10-4

16 39
The eclipse would therefore be central with the sun on

the meridian in long. 11° 18' \V. and lat. 52° 26' N., and

the following would also be points upon the central

line :
—

Long. 19° 9' E., lat. 39° 32' ; and lorg. 14° 23' E., lat. 40° 48'.

R.A
Moon's hourly motion in R. A.

Sun's ,, ,, ,,

Moon's declination ...

Sun's ,,

Moon's hourly motion in decl.

Sun's ,, ,, ,)

Moon's horizontal parallax . .

.

Sun's ,, ,,

Moon's true semi-diameter ...

Sun's ,, ,,
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Calculating directly for Naples we find :

—

h. m. s.

Totality began October 12 at 2 18 18 ) Mean time at

,, ended „ ,, 2 19 28 \ Naples.

The duration of the total eclipse was im. los., which is in

satisfactoiy agreement with the words of Kepler. The
sun was at an altitude of 31°.

The Binary Star a Centauri.—As far as can be

judged from a projection of the measures published to the

present time, it appears probable that the nearest real

approach of the components in this binary is already

passed, but that they will continue to apparently close-in

until the angle is somewhere about 110°, when their

distance may have diminished to if". We can only

continue to urge upon southern observers the great im-

portance of frequent measures of this object for sonie

years to come, with all the precision that the case will

admit of, that a problem of the highest interest in

celestial mechanics may be fully investigated.

MiRA Ceti.—This variable star is now close upon the

epoch of minimum, as calculated from Argelander's

formula of sines, and observations so far are much
fewer in number near this part of the light- curve than

about the maximum. The gradual ascent to the next

maximum may be favourably watched in the present

year ; the date by the formula is November 10, 1877.

D'Arrest'S Comet.—By M. Coggia's observation at

Marseilles on the morning of the loth inst., it appears

that M. Leveau's ephemeris gives the position of the

comet within about 3'. Subjoined are the calculated

places for Paris noon, during the next period of absence

of moonlight :

—

August 8
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schaftiiche Kunde von Russland, a periodical issued at the

expense of the Russian Government and designed to keep the

world at large informed of the progress of scientific research in

Russia. His investigations, extending into nearly every branch

of the natural sciences, appeared chiefly in Poggindoiff's An-

nalen and the Astronomische NachrUhten. The most valuable

are his researches on terrestrial magnetism. In connection with

H. Petersen he calculated the constants for Gauss's theory of

terrestrial magnetism, based on his own multitudinous obser-

vations. A most valuable contribution to Gauss's theory is also

to be found in his work on the magnetic phenomena of the year

1S29, which includes a complete study of secular charges based

on all then made observations. An equally exhaustive work on

the magnetic phenomena of 1S60, was left uncompleted at his

death. In 1S74 Prof. Erman was elected a fellow of the Royal

.Society.

With the view of extending the rudimentary teaching of

physiology and the laws of health in elementary schools, the

National Health Society has placed at the disposal of the School

Board for London, in addition to a sum of 100/. oftered pre-

viously, a further amount of 25/. annually for four years, to be

given in premiums to those teachers and children who pass the

best examinations in these subjects.

Since the institution of the Morgue in Paris, unidentified

bodies have, it is known, been exposed, unclad, on stone slabs.

It has now been decided (we learn from the Rnnie Scicntifique)

that the dead shall be placed before the eyes of the public just

as they have been found, with the proper exception of those who
bear on any part of their body a mark which may facilitate

recognition. It is anticipated that this measure will increase by

a third the number of identifications at the Jlorgue.—A course

of lectures on legal medicine at the Morgue will be commenced

in November. This practice has been discontinued for the last

fifteen years.

The Helvetic Society of Natural Sciences is to hold its

annual congress at Bex, canton de Vaud, on August 20, 21,

and 22.

The intention is known to have been long cherished to erect

a monument in Stockholm to Linnaeus, and a sum of 45,000

crowns has been collected for the purpose. There have been two

proposals, and to carry out the smaller of these Ihe sum just named

would be sufficient. But since the conviction has of late gradually

gained strength that the statue should be raised on the so-called

" Flora's Bakke " (Flora's Hill), in the Hop Garden, a desire

has also grown to realise the larger proposal, according to which

Linnceus would appear surrounded by four allegorical figures

representing the four sciences to which he devoted himself, viz..

Botany, Zoology, Mineralogy, and Medicine. On the under-

standing that the commune will supply the necessary means for

the pedestal and for erection of the monuirent, a sum of 30,000

crowns was still required to give effect to the larger scheme, and

a subscription list has lately been started by thirty influential

citizens of the Swedish capital with this object. These thirty

have together subscribed 15,000 crowns, and it may be antici-

pated that the remaining 15,000 will ere long be forthcoming.

We have recently received a large number of reports cf local

societies, several of them containing papers of more than local

interest, but to which we can refer only in the briefest possible

way. The Norfolk and Norwich Naturalists' Society is numeii-

cally and financially stronger than at any previous period.

Among the twelve papers published in its Transactions is one by

Prof. Newton, giving an interesting account of the naturahsation

of the Edible Frog (Raita csculcnla) in Norfolk. Mr. Randall

Johnson contributes an approximate list of the extinct mammalia

of Norfolk.—The Annual Report of the Manchester Scientific

Students' Association speaks favourably of its position and pros-

pects, as does also the Report and Proceedings of the Manchester
Field Naturalists and Archaeologists' Society in the case of that

Society.—The Cardiff Naturalists' Society is a large one and
its thick Report and Transactions for 1S76 contains several good
papers.— Other Reports or Proceedings received are from the

Bath Natural History Society, the Miners' Association of Corn-
wall and Devon, the South London Microscopical and Natural
History Club, the Croydon Microscopical Club, the East Kent
Natural History Society, the Geological and Polytechnic Society

of the West Riding of Yorkshire, the Torquay Natural History

Society, the Brighton and Sussex Natural History Society,

Quekett Microscopical Club, and the York School Natural

History, Literary, and Polytechnic Society. Of one or two of

the papers in the Natural History Transactions of Northumber-
land and Durham we hope soon to give a detailed notice.

The heat conductivity of hardened caoutchouc has been
recently determined by Prof. Stefan, of Vienna. With six plates

of equal thickness a parallelepipedal vessel was formed, and
arranged as an air thermometer. The apparatus having acquired

the temperature of a regularly-tempered room, it was inserted

quickly in a vessel of broken ice ; the time of insertion, and the

position of the mercury in the manometer immediately observed,

and then the times noted at which the mercury reached par-

ticular heights. The thermometric conductivity was found about

0-000928 Taking the specific heat of unit mass of vulcanised
sec.

caoutchouc = 0-23, and the specific gravity = l '22, it follows

that the thermal conductivity = o"0CiO26.

The American expedition round the world, recently organised

by Mr. Woodrufl^, of Indianapolis, is to start in October, and
continue two years. Among the naturalists that have been
engaged are Prof. Burt G. Wilder, of Cornell University, Dr.

W. G. Farlow, Prof. Jenney, of Michigan Univeisity, Prot.

Sidney J. Smith, of Yale College, Prof. S. C. Russell, of the

School of Mines, Columbia College, C. Hart Merriam, and Dr.

J. H. Kidder, U.S.N. The number of students is limited to

eighty. The whole expense to each student is §5,000.

At the last 'session of the Berlin Photographic Society a

report was presented on the extent of photography in Germany
from which we glean some interesting statistics. In the German
Empire there are 3,000 photographers, who require each on an

average 3 lbs. of nitrate of silver annually. Austria possesses

the same number of photographers, but the average annua
consumption of nitrate of silver is but i lb. Germany manu-
factures 20,coo reams of albumin ised paper annually, of which
but 1,000 are for home use. 40,000,000 cartes-de-visite were
prepared in Germany during 1S76.

The Italian Committee for the exploration of Africa held its

first session in June at Turin, under the presidency of the Crown
Prince. It was decided to co-operate vigorously with the

International Committee. The Italian Committee will devote

its energies at first to the establishment and maintenance of a

station at Shoa, where the Marchese Antinori is at present,

regarding this as one of the most desirable positions from which

to send out expeditions into the interior of Africa.

The Scottish Meteorological Society holds its half-yearly

general meeting in Edinburgh to-day. The business includes

reports by Mr. Buchan on the temperature of the sea at Peter-

head, and on the rel.ations of the herring fishery to meteorology,

for the four years 1S73-76.

The first number of Prof. Hoppe-Seyler's new quarterly

journal, the Zeitschrift Jiir physiolo^ische Cheniie has appeared.

It contains valuable papers on the process of urea-formation

in animal bodies, and the influence of ammonia salts on this
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(Salkouski).—On aromatic substances in tlie animal body, and

determination of sulphuric acid in urine (Baumann).—On
animal and plant albuminous bodies (Weyl).—On lactosuria

(Hofmeister) ; and on the physiology of lactic acid (Spiro).

The journal is a decided acquisition to scientific literature.

We have received the programme of excursions of the

Manchester Field Naturalists' and Archaeologists' Society for

July to October. The seven excursions arranged (for Saturdays)

appear to be of a varied and interesting character.

The additions to the Zoological Society's Gardens during the

past week include an Egyptian Gazelle (Ga^ella i/orcas) from

North Africa, presented by Mr. H. B. Benson ; a Malbrouck

Monkey {Cercopitlucits cyuosurus) from West Africa, presented

by Mrs. Escott ; a Burmeister's Cariama (C/iunga Imrmeisteri),

a Brazilian Stilt Plover (I/itiuuitopus brasiliensis) from Buenos

Ayres, two Black Swans {Cyt^iius a/ralus) from Australia, two

Piping Guans {Pipile cumaitrnsis) from Bahia, an Urumutum

Curassow (A^othocrax urumulinn) from Brazil, deposited ; a

Wapiti Deer {^Cervus canadensis), an Indian Muntjac (Cervulus

muntjac) born in the Gardens.

ASTRONOMICAL SYMBOLISM OF THE EAST''

'X'HE two stars which in the book of Job are connected
-' with Orion, and to which the Indian Orion-legend referred,

are connected with the two red stars or Rohini of Indian

traditions. It is shown that these two fixed stars, observed as

contemporaneously rising and setting on the horizon, formed the

unchangeable starting points for regulating the lunations, and that

they thus brought about in course of time an absolute corre:t

chronology. The early discovery of equinoctial precession led

to the substitution of these fixed stars by the changeable

equinoctial points, till Copernicus, by separating the latter from

the solar path, re-est.^blished the correct measurement of time

by referring the solar motion to fixed stars. The determining

single stars, later, constellations nearest to the equinoctical points,

to which former, both Chinese and Persian, traditions refer,

became the symbol of the order manifested by tlie heavenly

bodies, which cosmical order was attributed to the Deity. The
symbol of the two cherubs or kirubs, that is "bulls," in the

language of cuneiform inscriptions, are shown to have referred

to the rising and setting of the constellation of Taurus, which
being called Kirub at its rising, was called Seraph, or Ser-Apis,

literally, " the grave ol the bull," at its setting. The Pleiades

in the neck ol Taurus s*and in the same relation to this

constellation as the god Sebaot, the god of the Sheba-ut, or

seven stars, the Sibut of the Babylonians, to the Cherub. The
symbol of the chariot of the Cherubim, and ol Jehovah riding on
the Cherub, as the Pleiades may be said to be riding on Taurus,

are thus astronomically explained, and connected with the

representations of Ormuzd riding on the winged bull, as also

with similar Mithraic representations. The fortnightly period

of the Hebrews, from the new moon to the full moon, in

connection with the precessional cycle of seventy-two years,

probably known to the Hebrews, is shown to have formed the

basis of the Osiris-Typhon legend, which was fully developed
before the commencement of Egyptian history. The fourteen

divisions of the litanies of Thot, the god riding on the moon,
and whose secret number was seventy-two, are explained by
reference to fourteen moon-stations of the lunar zodiac, the

hidden Mazzaroth or mansions of the moon in the book of Job,
and to the precessional cycle of seventy-two years, with which
can be connected the solar year and the Phfcnix period of the

Egyptians, the Saros of the Babylonians, and the Mosaic period

of one day like a thousand years, as well os several other

Babylonian periods ; also the number of the sons of Japhet, and
the genealogies in Luke from Seth to Joseph, the husband of

Mary. When tlie solar zodiac had taken the place of the lunar

zodiac, when the two determining fixed stars had been replaced

by the changeable equinoctical points, and the commencement
of spring and of autumn became the fundamental symbol of all

religions, the ideal heroes of light 'were connected with the

spring-equinox, at first in Taurus, and the ideal heroes of

* Abstract of paper read at the Society of Hiblic.1l Archieology, "On
Astronomical Symbolism of the East, as transmitted ! by Hebrews and
Christians," by M. Ernest de Bunsen.

darkness with the autumn-equinox, at first in Scorpio, close to

which is the constellation of the Serpent. Thus to Ormuzd,
Indra, Osiris, Dionysos and ApoUos, were respectively opposed
the serpent deities Ahriman, Ahi, Typhon, the Titans and
Python. So also the Messiah, "The Sun of Righteousness,"
and " the day-spring from on high," was opposed by Satan,
literally the antagonist, "the old serpent" the devil. The
transition from the sacrifice of bulls to the sacrifice of lambs,
and the vicarious and sin-removing character of these sacrifices

in pre-Abrahamic times, is shown to have been connected with,

and probably to have been caused by equinoctial precession, by
Aries having taken the place of Taurus. Some of the mysteries

of the Great Pyramid are explained by Eastern astronomical
symbolism and the two passages pointing north and south are

shown probably to have referred to the approximatively contem-
poraneous midnightly culminations of Aldebaran and Antares at

the autumn equinox, as observable at places in the latitude of
the Great Pyramid, and likewise in the latitudes of Bactria and
Northern India, during a period of about 150 years, within
which the year 3300 B.C. falls. The fact that Chinese, Indians,

and Arabians, at a remote period, counted twenty-eight moon
stations, but that there is nowhere a trace of twenty-nine
mansions of the moon, is submitted as possibly implying a date
for the earliest astronomical observations of the East transmitted

to us, at a time when the lunar month, now having a duration of

about twenty-nine and a half days have only twenty-eight days,

or rather, not yet twenty-nine. As the mean motion of the moon
is the same in long periods, this period of twenty-nine days
would have probably commenced about 600,000 years ago, if

the retardation of the earth's rotatory motion, by which alone

the prolongation of the lunar month seems to be explainable,

really does amount to twenty-two seconds in a century, as now
asserted by high authorities.

THE NORWEGIAN EXPEDITION TO THE
NORTH SEA

pROM a letter by Prof. G. O. Sars, in the Chrhtiania
Dagbladel, dated Bodb, June 24, we make the following

quotations with reference to the progress of the Norwegian
expedition which left Bergen on June 1 1 :

—

" On the l6th of June we had arrived sufficiently far northward
to commence our labours, and sounding-lines, thermometers,
dredges, and trawling-nets were at once called into use. Since

then the work has been pursued unremittingly, despite stormy
weather, and we have every reason to be satisfied with the results

so far. The hitherto-unknown contour of the sea's bottom
between Foiden fiord and the Lofoten Islands is now so clearly

ascertained by means of our transverse section, that we can map
out to the north with a certain degree of precision the curve of

the extended barrier, which keeps back the cold water coming
from the depths of the Polar Sea. We have found the curve

somewhat different from our expectations, especially in the

neighbourhood of the Lofoten. The soundings appear to

indicate the presence of a remarkable indentation, similar to the

one on the southern part of the coast, and we have found a
precipitous slope of the sandbank resembling that of the well-

known "Storeg" near Aalesund. It is evident that we have
encountered here a most important submarine conformation. The
consideration of its effect on our sea-fisheries will be delayed until

more detailed surveys have been carried out. In the course of our

soundings on the way to Bodo, we were able by means of the

improved Negretti-Zambra thermometer to establish beyond the

range of doubt the presence 01 a layer of warm water below a
layer of cold water of considerable depth.

" Our zoological acquisitions have been highly satisfactory,

especially those in the cold zone. We have added several species

to the list of the previous expedition ; amongst them some
hitherto detected in the Polar Sea only and others entirely new.

" The voyage will be pursued to Rost, where several days will

be spent in magnetic observations, and in gathering zoological

specimens. The latter promise to be of value on account of the
zoographical interest of the locality, which has as yet been left

unvisited. The section from Rost will be followed carefully in

order to determine with certainty the expected bend in the sand-

bank. The progress of our expedition shows us more and more
the fundamental importance of an accurate knowledge of the

physical nature of the North Sea, not only for Norway, but also

fori the solution of the general questions with regard to the

physical and biological conditions of the ocean in general."
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UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Berlin.—No small degree of excitement has been caused in

the university circles of Germany by the expulsion of a Privat-

docent, Dr. Diihring, from the University of Berlin, not only on
account of the great rarity of the occurrence, but on account of the

circumstances leading to the act. Dr. Diihring, who has suffered

from blindness since the commencement of his pedagogic duties

in 1S65, has developed, notwithstanding, a remarkable degree of

mental activity in a variety of directions, issuing works on
political economy, metaphysics, mathematical physics, &c. , and
attracting a numerous auditory by the radical and unfettered

character of his utterances on these subjects. His unsparing
denunciation of the more shadowy side of German universities,

the system practically in vogue with regard to the appointment
of professors, &c., has induced a somewhat wide-spread feeling of

bitterness towards him, which has led to an accusation before

the university based on the unmeasured personal criticism of his

colleagues, especially Prof. Helmholtz, in lately issued works.
The expulsion has led to the holding of meetings and issuing of
addresses by the more radical portion of the students, who regard

the section of the Prussian constitution, " die Wissenschaft und
ihre Lehre ist frei " as endangered ; and the whole affair has led

to a thorough ventilation of the condition of the universities in

the press of the empire.

Russia.—The Russian Government expends 2, 140,000 roubles
(over 3oo,cxx)/.) on its seven universities, of which sum the
Moscow University receives the most—425,000 roubles.

Salaries of German Professors.—From a recent state-

ment with regard to the salaries in the Berlin University, we
notice that the two well-known professors of chemistry and
physics receive each 1,500/. independent of the lecture receipts,

while 900/. is the salary of a number of other leading professors.

These figures are, however, much above the corresponding ones
of other German universities.

Strassburg.—According to an imperial order the University
receives in the future the title " Kaiser Wilhelms Universitiit.

"

The present attendance—658— shows for the first time since the
re-establishment of the University a decrease in the number of
students. The faculty embraces 106 professors and privat-

docenten. The large anatomical laboratory is approaching
completion.

Tl'BINgen.—The present number of students in attendance
on the University amounts to i, 103, the largest number attained
since its foundation. Extensive preparations are being made for

the celebration in August of the 400th year of its existence.

Zurich.—The, University has at present an attendance of

324, of which the majority are in the medical faculty. Of the
seventeen female students fourteen study medicine and three
philosophy.

SCIENTIFIC SERIALS
The Qiu-.rterly Journal of Microscopic Scienceiox July contains

several articles of special interest. First is the fourth part of
Mr. Archer's rcmmt' of recent contributions to our knowledge of
"Fresh-water Rhizopoda," in which Lccythiuni hyalinum,
Chlamidophrys stercorea, Platoum parviim, Gromia paiudosa,a.-ni
Cyphoderia truncala are described and figured.—Following is an
abstract of Mr. E. C. Baber's researches on the lymphatics and
parenchyma of the thyroid gland of the dog, with illustrations,

published at length in the Philosophical Transactious.—Dr.
Watney also, from the same Transactions, gives, with a plate,

an account of his study of the minute anatomy of the alimentary
canal.—Dr. Angelo Andres describes and figures a new genus
and species of Zoanthina Malacoderma'a (Fanceria spongiosa).

— Prof. Franz Boll follows with his "Contributions to the
Physiology of Vision, and of the Sensation of Colour."—Mr. A.
Saiig>ter has observations on the muscular coat of sweat glands,
in which it is shown that the epithelium of the gland rests directly
upon the muscle surrounding it.—Dr. Klein contributes a paper
on the minute anatomy of the omentum, describing certain bud-
like structures occurring on the fenestrated portion, the method
of production of the fenestrie, and some points in the formation
of the blood-vessels.—Mr. F. Darwin writes on the protrusion
of protoplasmic filaments from the glandular hairs on the
leaves of the Common Teasel, in which he helps to develop
the important principles of the incipient steps in the formation

of special organs.—Mr. H. N. Moseley gives notes on the
structure of several forms of Land Planarians, with a description
of two new genera and several new species, and a list of all

species at present known.—Notes and memoranda conclude the
number.

Bidlctinof the Buffalo {'N.\ .) Society ofNatural Sciences, 1877.
This society has published a valuable list of the freshwater
fishes of North America by Mr. D. S. Jordan. Mr. M. C.
Cooke is contributing a similarly exhaustive list, with references,
of thehyphomycetous fungi of the United States.—An interesting
paper by Mr. F. S. Dellenbaugh gives some account of the so-
called Puebla Indians of the Rocky Mountain region, also known
as Shinumos. They were not really of Indian race ; they
seemed to have died out in consequence of the incursions of the
true Indians. The name Moquis, by which seven of their
villages are designated, signifies "the dying race." In their
retreat before the enemy they occupied the most inaccessible
retreats in the canons, built chff houses, cultivated minute patches
on the cliffs, lived in caves, Sec. They appear to have had
considerable artistic skill, from the designs, and even paintings,
left on sandstone in the walls of houses, &c. The writer urges
a careful exploration of all the extant remains of these people,
for they are rapidly being destroyed by careless and ignorant
settlers.

SOCIETIES AND ACADEMIES
London

Meteorological Society, June 20.—Mr. H. S. Eaton,
M.A., president, in the chair.—Henry Hearder and Henry
Law, M.Inst.C.E., were elected fellows of the Society.—The
following papers were read :— On an improvement in the me-
chanism of self-recording meteorological instruments, by the Rev.
C. J. Taylor, In order to obviate sluggishness in self-record-

ing aneroids and ordinary small-bore mercurial barometers, the

author places a small electric bell apparatus, from which the bell

h.is been removed, so that the clapper when in action shall

strike on the top of the vertical brass bar on which the record-

ing pencil slides ; by this means a very rapid succession of light

taps can be administered at a point which affects all the move-
able parts of the mechanism.—Results derived from the sun-

shine records obtained at the Royal Observatory, Greenwich, by
means of Campbell's self-registering sun-dial, during the year

ending April, 1877, by W. Ellis, F.R.A.S. The instrument

consists of a very accurately-formed sphere of glass four inches

in diameter, supported concentrically within a well-turned hemi-
spherical metal bowl in such a manner that the image of the sun
fonned when the sun shines falls always on the concave surface

of the bowl. A strip of some material being fixed in the bowl,

the sun, when shining, bums away the material at the points at

which the image successively falls, by which means a record of

periods of sunshine is obtained. The duration of sunshine in

hours for each month of the year ending April 30 (excepting

from May i to 6, July 31, and October 27 to 31), was as

follows :—
hrs. hrs. hrs. hrs.

May I52"3 Aug. 2169 Nov. 35'9 Feb. 36-4

June i84'S Sept. lo6'l Dec. 6'5 Mar. 99-3

July 2143 Oct. 47-3 Jan. 187 Apr. 71-8

The greatest daily duration was I3'9 hrs. on June 11, daily

durations exceeding 10 hrs. occurred six times in May, eight in

June, ten in July, and eleven in August. One of the most
remarkable periods was August 7 to 14, the duration having
exceeded ten hours on every day during this time. It appears

that in the months of August, September, and October, the

mean maximum and minimum temperatures were both, on the

average, higher on days of greater sunshine than on days of lesser

sunshine, whilst in the months of January and February, an
exactly opposite condition existed. In the remaining months the

mean maximum temperature of the greater sunshine group was
higher, and its mean minimum lower, than the corresponding

mean maximum and minimum temperatures of the lesser sunshine

group. It also appears that there was more sunshine after noon
than before noon in every month, except August, March, and
April.—On the diurnal variation of tlie barometer at the Roya
Observ.atory, Greenwich, by W. Ellis, F.R.A.S. The Astro-

nomer-Koyal having communicated the numerical values of the

variations of the barometer as deduced from the photographic

records at the Royal Observatory, during the twenty years ending
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1873, the author adds a few general remarks thereon. Com-
paring together the dififerent months of the year, it is observed

that the morning minimum and the forenoon maximum both
occur earlier as the year advances ; they are earliest in summer,
and become later again on the approach of winter. Tlie after-

noon minimum and evening maximum, on the contrary, occur

later as the year advances ; are latest in summer, and become
earlier again towards the end of the year. They all change in a

certain degree with the changes in the times of sunrise and sun-

set. As a consequence of this the intervals between the morning
minimum and the forenoon maximum, and between the afternoon

minimum and evening maximum do not change very much
through the year, whilst that between the forenoon maximum and
afternoon mhiimum is much shorter in winter than in summer,
and that between the evening maximum and morning minimum
is much longer in winter than in summer.—On the rainfall of

Jamaica during the seven years 1870-76, by Griflith N. Cox.

—

Contributions to the meteorology of Cannes, by William Marcet,

F.R.S.—Mr. Marriott exhibited and iescribed Bogen's hygrometer
and new standard siphon barometer. The barometer possesses the

following special features :— It is so constructed that it can easily

be put together and taken to pieces again. The long leg consists

of a tube of the same diameler throughout, and is supplied with

a glass stopper which has a very fine bore passing through its

centre, enabling one to fill the tube with mercury in one or two
minutes and to completely exhaust it of air in one or two minutes

more. The open end of the long leg is ground air-tight to the

short (curved) leg and can be instantaneously put together or

separated. The long tube alone is graduated so as to have only

one scale, but by a peculiarly-constructed screw of given length

placed on the short tube a precise and accurate reading can be
easily obtained. The barometer is mounted on a peculiarly-

shaped stand which has three adjusting screws by means of which
the perpendicularity of the instrument can be ensured.

Paris

Academy of Sciences, July 16.—M. Peligot in the chair.

—

The following papers were read :—Anthrax and septiciemia, by
MM. Pasteur and Joubert. Anthrax may be called the disease of

(what the authors call) bacteridie, as trichinosis is the disease of the

trichina. The blood of a healthy animal contains neither microsco-

pic organisms nor their germs. That of an animal having anthrax

contains no organisms but the bacUridic, which is aerobic, so

that the antliracic blood is imputrescible of itself. In the car-

case the blood putrefies through vibrios lodging in it. The
backridie disappears in liquid, in presence of COj. It is a

mistake that putrefaction, as such, destroys the anthracic

virulence. The development of the bactcridic takes place

difficultly when in the presence of other organisms. These
observations the au'.hors apply to certain facts of' practical

experience. They state that septiccemia is produced by a vibrio-

nien as anthrax is by a bactcridu:—Experiments, according to

which the fragmentary form of meteoric irons may be attributed

to a rupture under the action of strongly compressed gases, such

as arise from explosion of dynamite, by M. Uaubree. To steel

prisms were attached charges of dynamite, which were exploded in

clay pits, so that the parts could be brought together after rupture.

The alveoli produced (often grouped) with projecting rim, were of

more pronounced character than those from powder. The
surface was sometimes raised in long bulging ridges. The
surfaces of fracture were some of them polished, others striated.

—Researches on the tertiary strata of Southern Kurope, by M.
Hebert. This first paper relates to the eocene and lower
niiocene of Hungary.—M. Dumas, referring to a recent paper
by M. See, affirmed that the real inventor of salicylic acid was the
eminent Italian chemist M. Piria.—On a disease of the grape in

the vineyards of Narbonne (June and July, 1S77), ^y M. Circin.

—Observations of D'Arrest's periodic comet at the Marseilles
Observatory, by M. Stephan.—Note on the theory of quadratic
forms with any number of variables, by M. Frobenius.

—

Demonstration of two geometric laws enunciated by M. Chasles,
by M. Fouret. —On the division of the cucumference into equal
parts, by M. Lucas.—Researches on the compressibility
of liquids (continued), by M. Amagat. Inter alia, the co-

efficient of compressibility increases when the pressure in-

creases for aU liquids in which it increases with the
temperature. The compressibility of successive terms of
the family of formenic carburets decreases regularly as we
descend in the series, both at loo'" and at ordinary temperature.
The presence of sulphur, cldorine, or bromine, in liquid bodies,

tends to render them less compressible.—On the electric and
capillary properties of mercury in contact with different aqueous
solutions, by M. Lippmann. When mercury is in contact with
pure or acidulated water, the addition of a small quantity of

certain substances to the water changes notably the capillary

constant and the electromotive force. M. Lippmann proves that

for each value of the latter the capillary constant has one, and
only one, determinate value independent of the chemical com-
position of the liquid. That is, if for two different combina-
tions the electromotive force is the same, the capillary constant

is also the same.—On the vapours of alcoholate .of chloral, by
M. Troost.—Action of light on hydriodic acid, byM. Lemoine.
Hydrogen and iodine do not sensibly combine in the cold

state under the influence of light. It may be inferred thit

the decomposition of hydriodic acid by the sun is unlimited.

The slow decomposition in light might be used to measure
the degree of illumination of the sky in large meteorological

observatories. In a month of insolation in the cold state 080
of gaseous hydriodic acid is decomposed, whereas heating one
month at 265° decomposes only o'o2, and even at 440° during a
few hours, only o'20.—Note on a new derivative of indigotine,

by M. Schutzenberger.—On the properties of resorcine ; thermo-
chemical studies, by M. Calderon.—On the reform of some
processes of analysis used in the laboratories of agricultural

stations and observatories of chemical meteorology ; second
memoir, acidimetry, by M. Houzeau.—On the nature of acids

contained in the gastric juice (continued), by M. Richet. There
is in gastric juice an organic acid soluble in ether, and it is

probably sarcolactic acid.—Note on numeration of blood cor-

puscles in diphtheritis, by MM. Bouchut and Dubrisay. In this

disease there is a considerable increase in the number of white
corpuscles, and a diminution of that of the red.—On the

influence of excitations of organs of sense on the heart and the

vessels, by MM. Couty and Charpentier. Such phenomena
seem to be produced, not by the sensorial perception itself but
by an ulterior cerebral work which might be called emotional.—
Experiments proving that neither pure air nor oxygen destroy

the septicity of putrefied blood, by M. Feltz.—Researches on a
case of congenital ectopia of the heart, by M. Fran^ois-Franck.
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THURSDAY, AUGUST 2, 1877

THE PHYSICAL BASIS OF MIND
The Physical Basis of Mind, with Illustraiions, being

the Second Series of Problems of Life and Mind. By
George Henry Lewes. (Triibner and Co., 1S77.)

WHEN the first volume of "Problems of Life and

Mind " appeared, I ventured to say that perhaps

Mr. Lewes promised too much in undertaking to exhibit

" how the sentient phenomena may be explained by

neural phenomena." I also directed a criticism, as

pointed as I could make it, against a proposition placed

by Mr. Lewes at the foundation of his psychology

;

namely, that " actions are prompted and really guided by

feeling." The present volume is, in addition to much
else, Mr. Lewes fulfilment of his promise and his reply

to the criticism.

Considering the limited amount of space at my dis-

posal, I shall, I believe, put it to most advantage by con-

fining myself to these two points. As regards the first

—

the possibility of finding a physical basis of mind—

a

sentence in the preface rouses misgivings :
" Materialism,

in attempting to deduce the mental from the physical,

puts into the conclusion what the very terms have ex-

cluded from the premisses ;
" " the attempt to interpret

the one by the other" is a legitimate undertaking only

" on the hypothesis of a physical process being only the

objective aspect of a mental process." This is of ill

omen ; that which can be done as science does not seek

its justification in metaphysics. But let the interpre-

tation be taken on its merits. What is it ? Though pre-

pared for disappointment, readers will doubtless be

surprised to hear that when looked for, it is nowhere to be

found. "The sensation, or state of consciousness," says

Mr. Lewes, " is the ultimate fact ; we can only explain it

by describing its objective conditions." In place of the

second proposition, "we can only explain," &c., most

thinkers prefer to say we cannot explain it, we can only

describe its objective conditions. The difference, then,

between Mr. Lewes and others, is not that he has any

new light to offer, but that he insists on calling that

an explanation which others cannot see to have that

character. The sense in which Mr. Lewes thinl-.s he

can correctly call a description of neural processes an

interpretation of mental facts rests on his statement of

the metaphysical hypothesis that these are but " different

aspects," " the two faces of one and the same reality."

" It is thus indifferent," he continues, " whether we say

a sensation is a neural process or a mental process ; a

molecular change in the nervous system, or a change in

feeling." Suppose all this to be understood and granted,

where is the explanation or interpretation of the one by the

other ? Is a description of one aspect of a thing an ex-

planation of a very different aspect of the same reahty .'

Not even metaphysical legerdemain can give the illusion

of a physical basis of mind. Mr. Lewes sees that it is

impossible to conceive a neural process as causini; the

mental process. He does not say that molecular move-
ment becomes, or is transformed—in any sense, conceiv-

able or inconceivable—into sensation. Mind is not the

Vol. XVI.—No. 405

outcome of physical conditions], or combinations ; it is

an aspect, " the spiritual aspect of the material organism."

Readers may now judge whether Mr. Lewes can claim

to have explained sentient phenomena by neural pheno-

mena, to have shown the manner in which the Self and
Not-self "are combined in feeling and thought."

Against Mr. Lewes' proposition that the movements of

living beings are prompted and guided by feeling, I urged

that science has carried us to a point at which we have

but to pause and reflect to see that all movements must
be the consequents of purely physical antecedents ; that

the amount and direction of every nervous discharge

must depend solely on physical conditions. And I con-

tended that to see this clearly is to see that when we
speak of movement being guided by feeling, we use the

lantjuage of a less advanced stage of enlightenment.

This view has since occupied a good deal of public atten-

tion. Under the name of Automatism it has been advo-

cated by Prof. Huxley, and with a firmer logic by Prof.

Clifford. It has been argued about in the Spectator,

zealously combated by Dr. Carpenter, and now Mr.

Lewes makes it the subject of one of his Problems,

devoting seven chapters to its discussion.

Mr. Lewes cannot think that Prof. Huxley really holds

the repulsive doctrine in question, though " supposed to

hold (it) by those whom his expressions mislead." Yet,

curiously enough, it is against Prof. Huxley's statement

that Mr. Lewes' polemic is specially addressed. It is

not my affair to reply for Prof Huxley. Mr. Lewes has,

however, mentioned me as having insisted " with iterated

emphasis " on the view he now " most earnestly desires

to refute." I must give my own statement. Here it is as

given in my review of " Problems of Life and ISIind
'

(I'he Examiner, March 14, 1874):—"Using the word

feeling in its ordinary acceptation, as a name for subjec-

tive phenomena alone, we assert not only that no evidence

can be given that /£•('//«<,' ever doesprompt or guide action,

but that the process of its doing so is inconceivable. How
can we picture to ourselves a state of consciousness

putting in motion any particle of matter, large or small ?

for this is really what it comes to. . . . Puss, while dozing

before the fire, hears a slight rustle in the corner, and

darts towards the spot. What has happened ? Certain

sound-waves have reached the ear, a series of physical

changes have taken place within the organism, special

groups of muscles have been brought into play, and the

body of the cat has changed its position on the floor. Is it

asserted that this chain of physical changes is not, at all

points, complete and sufficient within itself ? Mr. Lewes, we

believe, will not assert this ; he will admit that the material

succession is unbroken. Once more, then, in what sense

can we take the proposition that actions are prompted

and really guided hyfeeling ? " Putting in the place of

my cat hunting for a mouse, the analogous'case of a wolf

springing on a sheep, Mr. Lewes replies :
" Unless the

term physical is here used to designate the objective

sequence, as contemplated by an onlooker, who likens

the process to the sequence observable in a machine, I

should say that from first to last the process has been not

physical, but vital." The word " unless," with which the

reply opens, might be objected to, as implying that the

term " physical " might be here employed to designate

something else than the objective sequence—that succes-
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sion of external events which can be seen or imagined in

terms of vision. Quite irrelevantly, as it seems to me, Mr.

Lewes specifies a particular kind of on-looker—one who

likens the process to the sequence observable in a machine.

I will only say that for myself I decline the honour

of a place among those physiologists and philosophers

who, according to Mr. Lewes, have failed to per-

ceive the " radical difference between organic and in-

organic mechanisms." However, Mr. Lewes has put it

on record that // when I spoke of a series of physical

changes taking place within the organism I meant

series of iiwri^anic changes—that the movements of

the cat resulted from something of the nature of a

combination of levers, springs, and pulleys, then, he

" should say that from first to last the process has

been }iot physical but vital.'' And who will question

that Mr. Lewes would be quite right in so saying ? But

why suppose anything so unlikely ? Yet this is the mean-

ing Mr. Lewes gives to the word " physical " when it

occurs in the mouths of those against whom he directs

his arguments. For instance : physiologists are in the

habit of describing unconscious reflex movements as

physical processes. Of this description Mr. Lewes says :

" Restate the conclusion in different terms and its fallacy

emerges ; 'organic processes suddenly cease to be organic,

and become purely physical by a slight change in their

relative position in the consensus.' " But to proceed.

Not having used the word " physical " in any peculiar

sense, but in accordance with ordinary usage, my question

remains—" Is it asserted that the chain of physical

changes is not, at all points, complete and sufficient

within itself ? " So far is Mr. Lewes from denying the

physical succession to be unbroken, that he states this,

or something very like it, over and over again, as a truth

almost too self-evident to require expression. Thus we

read :
" So long as we are dealing with the objective

aspect we have nothing but material processes in a mate-

rial mechanism before us. A change within the organism

is caused by a neural stimulation, and the resulting action

is a reflex on the muscles. Here there is simply a trans-

ference of motion by a material mechanism. There is in

this no evidence of a subjective agency ; there could be

none." But we also find statements that seem to have a

contrary implication. Here is one : "The physiologist is

compelled to complete his objective observations by sub-

jective suggestions ; compelled to add feeling to the

terms of matter and motion, in spite of the radical diver-

sity of their aspects." How is he coiiipclU-d to infer that

of which Mr. Lewes has just told us there could be "no
evidence"? Again, while the volume abounds with

detailed descriptions of the behaviour of dogs, frogs,

and men, given as instances in which it is " evident

enough," to Mr. Lewes, that their actions were "deter-

mined by sensations, emotions, and ideas," yet Mr. Lewes

is equally positive that we are " passing out of the region

of physiology when we speak of feeling determining

action. Motion may determine Motion, but Feeling can

only determine Feeling." Where, then, are we, when we

talk of feeling determining action ? In, I maintain, the

gray morning of that intellectual light which is still far

from having reached its noon-day splendour.

In the minds of our savage ancestors fei'liiii; was the

source of all movement. Every one of them had what Mr.

Lewes, after all he has written about scientific method, can

call " the irresistible evidence each man carries in his ov/n

consciousness, that his actions are frequently—even if not

always—determined by feelings ; " and they spoke accord-

ing to their light. But while we shall continue to speak

of feeling determining action, it will only be as we speak

of the rising and the setting of the sun. Mr. Lewes is of

a different opinion. He says ;
" We do so speak and ar^

justified. For thereby we implicitly declare, whit

psychology explicitly teaches, namely, that these two

widely different aspects, objective and subjective, are but

the two faces of one and the same reality." If Mr. Lewes

did not go farther than this I should not care to quarrel

with his endeavour to put a new metaphysical meaning

into the language of old error. But he thinks that on the

strength of this hypothesis the material succession may
be regarded as [unbroken, and yet a rational interpre-

tation found for the proposition—actions are prompted

and really guided by feeling. Because the molecular

changes in the brain which form part of the series of

material changes involved in the production of motion

may be held to be, in a metaphysical sense, the other side

of what we know as feeling, Mr. Lewes somehow con-

cludes that " we must declare consciousness to be an

agent (in the production of motion), /// the same sense that

ii>e declare one change in the or&^anism to be an agent in

some other change" (the italics are by the author). Let

us see. The word " consciousness " here denotes two

things assumed by Mr. Lewes to be two faces of one

thing. If we substitute for this word one of these deno-

tations and say " we must declare the molecular changes

involved in the production of motion to be an agent, &c.,"

the statement becomes the most empty tautology. If we

give to the word " consciousness " its other meaning

—

feeling—the proposition becomes what Prof. Clifford calls

" nonsense ;
" and is, as Mr. Lewes says, placing feeling

where "there is obviously no place for it—among material

agencies." If by "consciousness" Mr. Lewes means

neither the molecular changes nor the feeling, but the

something of which both are but aspects, then he is alto-

gether beyond science, and for the moment it is enough

to say that this metaphysical entity is not an agent " i?i

the same sense," &c.

Corresponding to those feelings, which Mr. Lewes will

have it inspire and guide movement, there are conditions '

of the organism which can be conceived as the causal I

antecedents of the movements—the feelings, as admitted,
1

cannot. Our instinctive faith in the unity and constancy

of things leaves us no room to doubt that identical organic

conditions will ever be accompanied by identical feelings

and followed by identical movements ; but this does not

bring into view any scientific sense in which the feelings

can be said to inspire and guide the movements. The!;e

for ever remain parts of an infinite series of physical con-

sequents following on physical antecedents. This is the

thesis at present so repulsive to many minds. Against

this Mr. Lewes has nothing to advance. If any look to

him for comfort they will find that, promising them bread,

he gives them a stone—the same stone that has already

set their teeth on edge.

One word to correct a false impression that the fore-

going critical remarks would leave on minds unacquainted

with Mr. Lewes' writings. Let no one supposethat I have



August 2, 1877I NA TURE 263

not read the book with admiration. Like all Mr. Lewes'

works, it is a repertory of suggestive fact and of equally

valuable and suggestive thought ; and if any reader

derive from its perusal a tithe of the intellectual stimula-

tion it has afiforded me, he may regard his time as well

spent. Reflective minds are diligently working towards

clearer conceptions in a region that has hitherto been all

obscurity. There is reason to believe that ere long philo-

sophic thinkers of the highest rank will for the first time

agree as to one or two fundamental conceptions. Few
living men have done as much as Mr. Lewes to usher in

this new era. Knowing my criticisms to be inspired

solely by the same impersonal motives by which he has

himself been sustained throughout his extensive labours,

I am sure Mr. Lewes would be the last person to suggest

that I could have made better use of the space at my
ci>posal. Others, better qualified than myself, will draw
attention to the importance of those parts of the work that

I have not mentioned, as, for instance, the splendid essay

on the Nervous Mechanism.
Douglas A. Spalding

GORE'S "ELECTRO-METALLURGY"

The Art of Ekctro-Mctallurgy j [iiuiuding all known
Processes of Electro-deposition. By G. Gore, LL.D.^

F.R.S. Text-books of Science Series. (London :

Longmans, Green, and Co., 1877.)

DR. GORE has evidently spared no pains to make
this text-book a complete manual of the art of

electro-metallurgy. Beginning with the history of the

subject, he gives an interesting account of the rise and
development of the art, full of names and dates and

references, and makes the early inventors tell, as far as

may be, their own story by quoting freely from their

published papers. Then comes a " theoretical division,"

about which we have something to say presently, and
this is followed by what forms the greater part of the

work—a detailed account of practical methods of deposit-

ing the various metals. This portion of the book, at once

thoroughly circumstantial and comprehensive, cannot fail

to prove most usefuljto the practical electroplater as well

as to the scientific student. The metals most commonly
employed in the arts receive, of course, most attention

;

but almost none, even of the rarest metals, pass without

notice, and the experiments are described with the pre-

cision that comes only of experience. An admirable

feature of Dr. Gore's book is the habit he has of giving

specific references to the authorities he makes use of, so

that any one with a library at his command may, if he

choose, turn up the passages cited. The remainder of

the book is filled by a "special technical section" con-

taining various practical directions and details, and, in

conclusion, we have a list of the books previously published

on the subject and of the English patents referring to

electro-metallurgy. The author is to be congratulated on

the accumulation and systematic arrangement of an im-

mense mass of information of a kind that will be welcomed
alike in the workshop and]in the laboratory.

If Dr. Gore had given us only the practical parts of his

book we should have had little to say beyond praise and
thanks. Unluckily, however, for himself as well as for

his readers, he has" introduced a chapter on the theoretical

principles which underlie the art of electro-deposition.

Such theoretical rechauffes are often to be found in prac-
tical text-books, but their existence is surely a thing to be
protested against even when they are tolerably well writ-

ten. No one can hope to give a satisfactory account of
chemical and electrical theory in fifty pages, and when
his work is to form one of a series in which chemistry
and electricity have already been treated of in separate
books, the attempt is not only useless but unnecessary.

These short abstracts are certainly not to be recom-
mended to the novice ; and to the student who has already

studied the subjects at greater length they are little short

of an impertinence. In a book which stands by itself

they might be tolerated if they were at once concise and
accurate, giving what is needed and no more. In the

case before us these extenuating circumstances are all

absent. That Dr. Gore's "theoretical division" is not
concise the following quotation will suffice to show :

—

" The strength of the current is equal to the electro-
motive force divided by the resistance ; this is known as
Ohm's law ; it is directly proportional to the electro-
motive force, and inversely proportional to the resistance

;

if the resistance remains the same, and the electromotive
force varies, the strength is directly proportional to the
electromotive force ; and if the electromotive force
remains the same, and the resistance varies, it is inversely
proportional to the whole of the resistance in the circuit

"

(p. 71)-

As an instance of matter which might very well have
been left out, take the following. After giving a table of

conductivities. Dr. Gore proceeds :

—

" If the conduction-resistance of distilled water is so
great in relation to that of copper, we can easily un-
understand, by referring to the previous table, that the
resistance of gases must be enormous. The electric

conduction-resistance of air heated 'to redness {sic) is

30,000 greater than that of water, containing a 20,000th
part of its weight of sulphate of copper m solution "

(P- 31).

Why this long-buried result of E. Becquerel's (here, by
the way, the authority is not cited) should be unearthed

for^the benefit of students of electro-metallurgy is almost

as puzzling as is the strange piece of d. priori reasoning

in the first sentence, which, it is distressing to find, we
are expected to understand easily.

The ivagueness'and inaccuracy of some parts beggar

criticism, and leave the reviewer but one weapon—

a

severe one indeed, but he has no other—he can only

quote. Here are a few specimens chosen almost at

random.

" The fundamental act or principle 01 magneto-electric
action is, wherever there is varyins; niagnetistn, there is

an electric current induced in an adjacent closed circuit at
right angles to it" (p. 57) ; the italics are the author's.

''The electromotive force, or strength of the current to

overcome resistance, depends upon the degree of differ-

ence of strength of chemical affinity of the two metals for

the electro-negative constituents of the liquid" (p. 70).

"The electromotive force (commonly called 'the
intensity ') of the[;current ..." (p. 337).

" As tlie electromotiveforce is diminished by resistance,

a diminution of resistance in any part of the circuit will
increase it" (p. 337) ; this extract we have ventured to

Italicise.

" Motion of the articles is very advantageous ... it
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greatly diminishes the electric conduction-resistance which

would be produced by polarisation, due to layers of liquid

of opposite electrical nature, collecting in contact with the

electrodes " (p. 344).
" Potential and /(V/wd^w.—Previous to the completion of

the circuit and formation of an unimpeded current, the

free ends of the polar wires attached to the two metals

are charged with the two kinds of tlectricity in an
accumulated or free static condition, and are in a state of

electric potential, i.e., possessing a capability of doing

electric work. These accumulated electricities in the

wires may be detected by means of a very delicate

electroscope. The free electricities are also in a state

of tension, constantly tending to escape and unite ; and
their degrees of tension may be measured by means of an

electrometer" (p. 71).

From which it would appear that the difference between

potential and tension lies in the fact that the one is to be

detected by an electroscope, and the other measured by

an electrometer. It would be just as satisfactory a

distinction, and would besides have the merit of being

true, to say that " potential " is the shibboleth of the

electrically unlearned, while " tension " is their refuge at

all times.

Over and over again we find such phrases as these :

—

" If the current to be measured is one of low electro-

motive force " (p. 73) ;
" a current of less quantity and

greater electromotive force " (p. 338) ; and after we have

been expressly told on p. 72 that there is no difference

between currents except as regards their quantity per

minute, it is surprising to learn that " as a general rule,

the greater the electromotive force, and the smaller the

quantity of the current, the harder and brighter is the

deposited metal " (p. 344).

But it is needless to multiply examples. We have given

enough to show how much Dr. Gore has done to mar a

really good book by adopting a precedent which, however

well followed, is of very doubtful utility. In the present

instance it may, perhaps, serve the good purpose of acting

as a warning to future practical writers.

We have noticed comparatively few typographical

errors. Is it the author, or the printer, or the author's

evil genius, or the printer's devil that we have to thank

for this bewildering statement on p. 182 ?

—

" Silver may be cleaned in water in which potatoes

have been boiled, and a superior polish is thus imparted
to them."

OUR BOOK SHELF
Enumeracion lic las Plantas Europeas que se Italian como

silvestres en la Provincia de Buenos Airesy en Pata-
gonia. For Cdrlos Berg. (Buenos Aires, 1877.)

This is a very interesting list of European plants intro-

duced by various means into the two above-mentioned
countries. It gives the relative abundance of each species

and the conditions under which it is found. Altogether
116 Dicotyledons, 30 Monocotyledons, and S Cryptogams
are mentioned. Of these no less than loS are common
to Britain. As might be expected, the natural orders
Compositas and Gramineas, each with 20 species, and
Caryophylleas with 12, are the strongest in point of number
of species. Many notes are scattered through the twenty-
four pages, from which we learn that under such extremely
different conditions some of our British plants attain

extraordinary dimensions.

LETTERS TO THE EDITOR
[The Editor does not hold himself responsible for opinions expressed

by his correspondents. Neither can he undatate to return,

or to correspond with the writers of, rejected maiinsaipts.

No notice is taken of anonymous communuatiotis.

The EdUor urgently rei]uests correspondents to keep their littei's as

short as possible. The pressure on his space is so great that it

is impossible otherwise to ensure the appearance even of com-
munications containing interesting and novel facts.

'\

Optical Spectroscopy of the Red jEnd of the Solar
Spectrum

Being now, with my wife, on tlie return voyage from a private

spectroscopic experiment on sular light in Lisbon, there appear
to be two or three reasons why I should request your leave to

send this preliminary note to Nature belore attempting to

publish anywhere a full account of what was seen.

As the first of these reasons, I may mention that the continual

assistance kindly afforded us by M. Oom, the Astronomer-Royal
of Portugal, and the several lacilities obligingly granted to us,

through his intervention, by the Portuguese Government, render
an early and hearty acknowledgment imperative. All the more
so, too, as the last and most successful series of observations,

through four successive days of blazing sunshine, without the

smallest speck or suspicion of a cloud anywhere from morning to

evenmg each day, was made in a new suite of rooms recently

prepared for the local astronomer's residence in the Royal Park
of the Ajuda.

The second reason is the pleasing one to confess, that out o(

four prismatic arrangements tried in the same spectroscope—the

one which had the highest dispersion (viz.
,
32" from A to H)

gave also the best and most satisfactory definition, showing
thereby such wondrously fine and minute detail amongst close

lines as to cause it to be almost invariably employed, and that

prismatic arrangement, I am happy to say, was lately made for

me by Mr. Adam Ililjjer, of 192, Tottenham Court Road,
London, on his own long-approved plan of three powerful and
symmetrical compound prisms, while the eye-piece of the

telescope, also by him, was of rock-crystal, and fitted with his

peculiar reference line for micrometer mensuration.

The third reason is the total contradiction given by the best

of these observations to some conspicuous features of the Royal
Society's last pubhcation on tlie red end of the solar spectrum,

when seen at a high altitude with their second and most improved
" Indian Spectroscope."

Our late Lisbon measures, though made at a station close to

the sea-level, were yet, near the noon of each day there, and
on a midsummer sun in that latitude, taken through almost the

very same thickness of atmosphere, as the Royal Society's, and
Mr. Hennessey's high-sun series on the Himalaya Moun-
tains. But those Indian observations having been printed in

the Phdosophical Transactions so long ago as 1S74, 1 should be

glad to know whether either the Royal Society or anyone else

has published further particulars of the extreme red end of the

solar optical spectrum since then. PiAzzi Smyth,
Astronomer-Royal for Scotland

The Cretaceous Flora of America

Near the close of his very interesting lecture "On the Tropical
Forests of Hampshire," published in Nature (vol xv. pp. 229,
25S, 279) Mr. J. S. Gardner says :—" I have great doubts, how-
ever, as to the correct position of many of the foreign so-called

cretaceous beds. Those of America, from which most of the
list of dicotyledons of this period is derived, appear to me,
from the character of their fauna, to be rather lower eocene,
or at most, filling in the gap between our chalk and London
clay. Most of the shells have a marvellously eocene-like aspect,

and I take it that the presence of an ammonite, and some few
other forms of shells which in England do not reach above the
chalk, sliould not be taken as conclusive evidence of the antiquity of

the bed, as, although migrated from our seas, they may very well

have lived on in other regions. It is inconsistent to assume that

no ammonite lived on in any part of the world to a more recent
period than th.it of our chalk."

I'Vom these remarks it is evident that Mr. Gardner is not fully

informed in regard to the evidence which exists on the question
he has raised ; and as the subject is one of great interest, and
one which it is necessary should be carefully understood by those
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who write upon the progress of plant life on the globe, I take

the liberty of reporting briefly what we really know in regard to

the cretaceous flora of the North American continent.

Some twenty years ai;o numerous impressions of angiosper-

mous leaves were brouglit by Dr. Hayden and myself from the

group of sandstones which lie at the base of our cretaceous

system. Outline sketches of a part of these were sent by Mr.
Meek to Prof Heer, of Zuri h. lie pronounced them miocene

tertiary. To this conclusion he was led by their high botanical

rank, their generic affinities with miocene plants, and the sup-

posed identity of some of them with miocene species.

The announcement of Prof. Heer's decision led to a somewhat
earnest discussion, in which Prof. Heer, M. J. Marcou, and Mr.

Leo Lesquereux supported the view that the plants in question

were tertiary, while Messrs. Meek and myself asserted that they

were cretaceous, because the strata which contain them are over-

lain by more than 2,000 feet of limestones filled with charac-

teristic cretaceous fossils, a number of which are identical with

those found in the gault and chalk of Europe. An end was
finally put to this debate by M. Marcou and Prof. Capellini, of

Bologna, going to Kansas and collecting a large number of these

leaves from beds overlain by unmistakable cretaceous strata.

The true position of this flora was then not only acknowledged
but proclaimed by these gentlemen, and since that time every

geologist in America has accepted the statement which I made in

my letter to Messrs. Meek and Hayden in 1S58, and in my article

on the Ancient Vegetation of North America [.American Journal

of Science, vol. xxi.x., 1S60, p. 208), that "the American flora

assumed nearly the botanical character it now has in the cre-

taceous age, and that our lower cretaceous rocks contain the

remains of sixty or seventy species of angiospermous trees, many
of which belong to our most common living genera, such as

Quercus, Saiix, Magnolia, Flatanus, Liriodsndron, Fagus, Alnus,

Liquidambar, &c."
Since the settlement of this question a large number of

additions have been made to the then known species of this

flora, and it is probably not too much to say that we have

obtained leaves of nearly one hundred species of angiospermous

trees from the base of our cretaceous system, the equivalent of

the upper greensand of England.
All the leaves figured in Lesquereux's " Fossil Flora of the

Western Territories," part I., were obtained from this horizon,

and a large number of additional species have been described by
Prof Heer in his " Phyllites Cretacea," or by myself in " Our
Later Extuict Floras," while many others yet wait publication.

The plants of our upper cretaceous and tertiary rocks have
not yet been fully described, and there is some difference of

opinion as to where the line should be drawn between these two
systems, but it is quite certain that a large part of the species

described by Mr. Lesquereux from the '
' lignite beds," and

referred by him to the tertiary, are really cretaceous ; not only

because they are associated with Ammonites, Inocerainiis, and
other cretaceous fossils, but because the strata which contain

them underlie unconformably the Coryphodon beds, the base of

our eocene. Whatever shall be ultimately decided in regard to

the line of separation between our later cretaceous and earlier

tertiary strata, this will in no wise affect our conclusions in

regard to the general facies of the American cretaceous flora.

The statements made many years since are confirmed by all

fresh evidence, and now stand unquestionable, that between the

trias and the chalk—we know nothing of our Jurassic flora

—

the vegetation of North America was revolutionised, and that at

the beginning of our cretaceous age it had assumed essentially

the character and consisted chiefly of the same generic elements

that it exhibits now.
I may also add that up to the present time no species of Am-

monites, BacuUtes, or Inoceramus have yet been found in America
above the cretaceous system ; and that so far as we now know,
these genera are as decisive of the age of the strata which
contain them here as in the Old World. J. S. NEWBtRRY
Columbia College, New York, June 19

Meteorological Notes from Lisbon

The following meteorological notes, compiled in great part

from the daily bulletins of the Observatorio Real of Lisbon,

supplemented by observations made by myself, by means of a

Casella's self-registering thermometer and a good aneroid baro-

meter, during a seven months' residence in that city, may not

be without some value to weather observers. I arrived on

October 15, consequently the observations for this month refer

only to the latter half. The records were made at 9 A. M. and
at 5 P.M. To save space the readings will be given throughout
(except for October) in the following order :— I. Barometer
(reduced to sea-level), {a) the average of observations taken at

9 A.M, (/') the highest, and (<-) the lowest reading of the month.
II. Thermometer (Fahrenheit), [a] average of daily observations
made at 9 A..M., (b) average of the highest, and (c) of the lowest
readings in the twenty-four hours ; (d) the highest, and {e) the

lowest reading of the month. HI. Direction of Wmd : N. S. E.
W. represent the directions indicated, or any point thereof, after

which the number of days is given on which it blew from that

quarter. IV. The rain of the month is stated in inches.

October, 1S76.—The morning temperatures ranged from
54° F. to 70° ; midday, from 62" to 80°

; and evening, 53° to 72°

;

the average of the night temperature for the half-month, 52'2
;

and the average rainiall for the same period was 3'8 inches.

No wind record was kept.

November, 1876.— I. (a) 29*95, (*) 30'44> W 29 44- This
last reading is the lecord of the 12th, and was accompanied by
a terrific gale from the south-west, which wrought much damage
both on land, on the river, and at sea. Several residents, who
were not unfamiliar with earthquake shocks, averred that they
felt a distinct tremor of the earth about 4 a.m., at which time
the barometer registered 29 inches. In the Bay of Biscay on
the same morning the lowest point reached by the mercury was
28*25, as I was, I believe accurately, informed by the captain of

a Glasgow steamer which arrived in the Tagus some days later.

11. {a) 57'-59. (*) 63°-9 [A 54-09 (</) 7o°-98 (0 46". III. N.
7 days, S. 10, E. 7, W. 2 ; of 3 days no record. IV. Rain,

10 inches, which fell on 17 days. This was one of the most
rainy Novembers for many years. The rainfall of the year 1S74
was 1

7' 2, and that of 1875, '^'3 inches. The total amounts for

the months of November from 1S73-1875 was 5*5 inches. The
mean of this month for the last twenty years is 4 '3 inches. Most
destructive floods occurred during the month.
December, 1876.— I. (a) 2996, ib) 30'3, (c) 29*4 inches.

II. [a] 54''-8, (*) 59^-5, {c) 51-6, [d] 65°-5, (.-) 44°-2. III. N. 5,

S. 18, E. o, W. 5, calm 3 days. IV. Rain 19'19 inches on 28
days, greatest fall on I day (5th) 3 '2 inches, and least '003.

January, 1S77.— I. (a) 30-18, (*) 30-58, (c) 29-54 mches.

II. (a) 520-93, (*) 58-96, (c) 50-8, (d) 6s»-66, (.-) 44°. III. N.

17, S. 9, E. o, W. 3, calm 2 days. IV. Rain which fell on 14
days, 7-007 inches ; from ist to loth, 6-669 inches.

February, 1877.— I. (d) 30-35, yb) 30-54, (c) 29-92 inches.

II. {a) 52°, [b] 56°-64, {c) 48°-29, {d) dfl^, [e) 42^-9 (the lowest

temperature of the seven months). III. N. 25, S, i, E. I, W.
o, calm I day. IV. Rain, which fell on 2 days, i -28 inches.

March, 1877. — I. {a) 2994, {b) 30-39, (c) 29-36 inches. II.

(«) 47°-63, {*) 59°-34, (A 48"-S, W yi'-b, {e) 430-3. III. N. 10,

S. 9, E. I, W. 6, calm I, of 4 days no record. IV. Rain,

which fell on 13 days, 2-5 inches.

April, 1877.—I. (a) 29-92 (b) 30-13, {e] 29-60 inches. IL
(„) 65»-5 {b) 62°-9, (c) 5i°-9, (d) 7i°-7, (=) 48''-2. HI. N. 8,

S. 8, E. I, W. II, 2 days unrecorded. IV. Rain in 17 days,

6-5.

I would draw the attention of those threatened with bronchial

or pulmonary complaints to this locality as a winter and spring

refuge. The site of the city ol Lisbon is finely chosen, facing

almost due south, and the position of the principal part of the

town in which the chief hotels are, is nearly sheltered from the

northerly and easterly winds by surrounding heights. It is of

easy access from England—3,^ days, and sometimes fewer, from

Southampton by a royal mail steamer. Fires are rarely to be

seen in a Portuguese sitting-room, and during the seven months

of my sojourn there it was necessary only once or twice to have

one in our room for an invalid's sake. I had an opportunity of

seeing many sufferers both en rout:: for, and again returning to

England from, Madeira. Some of them complained much of

the weather experienced there, and said how they wished they

had remained in, Lisbon, where the climate seemed equally to

suit them, and where they should have had at least more com-

forts, more cheerful society, and more varied means for killing

the Enemy—time. Henry O. Forbes

Fertilisation of Flowers by Insects

In my last article on Alpine Gentiana species, I supposed that

the chief, if not the only fertiliser of G. bavartca and verna might

be Macroglossa stellatarum with its proboscis of 25-28 mm.
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length. Yesterday, near the Albula pass, I was happy enough

to confirm this supposition by direct observation. Altogether I

saw five specimens of Maao^'losia stdlatarum at work, one on
Gcntiatta bavnrica and verna^ three on Primula iutegrifolia^ and

one on Viola cakarata, each of them in a {e.vi minutes (ertili-ing

some hundreds of flowers. For instance, the last of my five

Macroglossa specimens, which I observed with the watch in my
hand, m less than four minutes visited loS, and in other (>\

minutes 194 flowers of /', calcarala.

As an illustration to what I have said in a former article on
alpine orchids generally being adapted to cross-fertilisation by
Lepidoptera, I may mention that near my present domicile there

grow nine spfxies of orchids, eight of which {Nigritdla Anguiti-

folia, Platanthcra bifolia, Grymnadcnia conopsea, odoratissima,

aU'ida, Ilalhiiaria viriais, Orchis globosa, and uslitlata) are

adapted to cross-fertilisation by Lepidoptera, whilst only a single

one {Orchis lati/olia) is adapted to cross-fertilisation by other

insects. Hermann Muller
Wissenstein, Albula Valley, Switzerland, July 23

Local Museums
I HAVE read with very great interest both the letters and

ailicles which have lately appeared in Nature on the subject of

local museums. The suggestions offered by your various cor-

respondents are in every way admirable, and my only excuse for

adding my own name to the number is because I think that

although a great deal has been said on the matter next to nothing

has actually been done. If local museums are to be established

amongst us as a means of promoting advancement in education

the sooner the matter is taken in hand by those most competent
to deal with it the better.

What I would strongly advocate is that a society be formed
in London for the promotion of local museums. If Prof. Boyd
Dawkins, and any others possessing the requisite attainments

for taking the matter in hand, would form an association of this

kind, I, for one, and doubtless many others of your readers,

would gladly subscribe and co-operate for the realisation of the

scheme. J. RoMiLLY Allen
34, James Street, S.W.

Proposed New Museum
Now that the new Natural History Museum is approaching

completion, will you allow me to call attention to a need which
has probably been felt by others beside myself, and which we
may hope will be met in the new institution ? This is a museum
or collection of varieties of plants and animals produced by
domestication. I need not enlarge upon the value of such a
collection to the student of biology. The revolution in the

philosophy of biology created by Mr. Darwin was founded upon
an examination of such varieties, and I have small doubt that

my plea will be seconded by botanists and zoologists who will

speak with much greater authority than I can.

I base my own request upon another ground, and one which
touches very closely the science I am chietly conversant with,

namely, ethnology. Rutimeyer in Switzerland, Busk, Dawkins, and
others in England, Brandt in Russia, and others elsewhere, have
shown how invaluable the evidence furnished by varieties of
domestic animals is for elucidating the earlier history of our race.

Yet there is no collection known to me anywhere except the one
made by Mr. Darwin himself, illustrating the subject, and if one
wishes to examine the various breed of cattle, sheep, dogs, or
pigs, of vegetables and fruits, &c. , which have become localised

in various parts of the world, as the companions of man, one is

entirely at a loss for materials in an accessible lorm.

May we hope that the very efficient staff of the National
Museum will see their way to setting apart one loom at least in

which the variation of animals and plants under domestication

may be shown, and the glorious discoveries of the greatest

biologist of modern times may be fitly illustrated in the National
Museum of the country whose science he has so adorned.

Henry H. Howorth

Adaptation of Plant Stiucture

I HAVE lately observed a curious adaptation of plant-structure

which has not, to my knowledge, been recorded in books, and
which may be interesting to your botanical readers.

There is in the Himalayas an Arum bearing a remarkable
resemblance ,to a cobra with its hood raised, which is well

known to natives and many Europeans by the name of the
"cobra plant." Standing immediately behind and above the
spathe is a large ternate leaf, the two lower leaflets of which, at

an early stage of growth, enfold the spathe and spadix, and sub-
sequently siand in front of and partially conceal them from view.
When, however, the anthers or the stigmas, as the case may be
(for the plant is dioecious), are mature, the lower halves of these
lateral leaflets fold close up over their upper halves, thus leaving
the whole of the spathe conspicuously exposed to the notice of
passing insect?. I inclose a rough sketch made from a living

plant. It will be observed that if the lateral leaflets w;re ex-
tended they would conceal the flower from insects flying at a
higher level than the mouth of the spathe. It is therefore an
advantage to the plant that they should assume this abnormal
position.

I may add that the resemblance of this arum to the cobra
snake is very close, and cannot easily be accounted for. The
diamond-shaped markings of the cobra's head are counterfeited
on the spathe, as also ate the lines on the neck ; while the
tongue-like prolongation of the spadix and of the mid-rib of the
spache serve to complete the re-semblance of the plant to a living

animal. As the cobra is almost unknown in the localities

where this arum grows, it seems that the strange mimicry can
be nothing more than accidental coincidence, even if any theory
of advantage to the plant therefrom could be devised. But the
" counterfeit presentment " is so striking that I am convinced
any person who unexpectedly saw this plant " rearing its horrid

head " above the rank herbage of an Indian Jungle would start

back with horror. Henky Collett
Nagkuiida, near Simla, June 15

Rattle-snakes in Wet Weather

I HAVE had much pleasure in reading Mr. Frank Buckland's
edition of " White's Selbome." Among the notes on page 448,
Mr. Buckland says :

—" I know that rattle-snakes cannot play up
their rattles in wet weather. The horn of the rattle becomes more
or less saturated with water, and no sound can then be produced
from it. By placing a rattle in a glass of water, and letting it

soak awhile, I find this is the case."

Mr. Buckland's dried rattle has led him into an error. The
live rattle-snake can " play up " his rattle in the very wettest of

wet weather. I have taken them alive on two occasions in the

midst of a heavy rain, and I could discover no difference in their

rattling powers. It is true, however, that rattle-snakes are

seldom found in low moist places ; they frequent, by preference,

high and dry ground.

During the year 1873 I kept in my room a rattle-snake for

eight months. In this time I came to know that " Rattler," so

I called him, could "play up ' several, different notes indicative

of anger, of pleasure, and of loneliness.

I think that it will be found, upo.i proper examination, that

the fangs of the rattle-snake are shed just as the teeth of other

animals. Hunter Nicholson
East Tenn. University, Knoxville, Tenn., U.S.A.

Meteors

At 9.48 last evening I saw a bright meteor pass downwards
towards a Aquarius, wliere it disappeared. It emitted a bluish

light, and although the moon was up, it shone for a few seconds

with the brilliancy of Venus. A second smaller meteor passed

upwards towards the zenith about 10.5. In both cases the

vanishing point was near Delphinus. W. Ainslie Hollis
Brighton, July 30

OUR ASTRONOMICAL COLUMN
The Herschelian Cojipanion of Aldedaran.— In

a communication lately received from M. Cainille Flam-
marion, it is endeavoured to show that the change of

relative situation of the small star with respect to Alde-

baran, is not accounted for by the proper motion of the

latter, as was stated by Struve (" Positiones Mediae,"

p. ccxxvi.), but that it is necessary to admit the existence

of a very appreciable proper motion of the companion,
which would be the first instance of the kind in so small

a star. M. Flammarion collects the various published

measures and adds to them measures made by Mr. Gled-
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hill in 1876, and by himself in 1877. Sir W. Herschel's

measures may be set aside at once as not sufficiently exact

for a discussion of a moderate proper motion ; his angle

in 1 78 1 is the result of a single measure, and his dis-

tances, as is well known, are in defect, when they exceed

a minute. Taking then Struve's epoch, 1836-06, as the

earliest reliable datum we possess, and bringing it up to

Dembowski's epoch, 1863-37, with Leverrier's proper

motion for Aldebaran, we find no greater difference than

may be accounted for by unavoidable error of observation,

so that Struve's inference on comparing the Pulkowa
measures, in 1851 with the Dorpat measures of 1836,
" itaque comes motus non est particeps, sed in coelo

quiesca videtur," and Dembowski's conclusion when
speaking of this object and of X Auriga," " Les dif-

ferences s'accordent assez bien avec les mouvements
propres des deux principales," are thus supported. The
angle, however, should now be less than is assigned

by Mr. Gledhill and M. Flammarion from their own
measures (35°-5), and further careful measures will be

desirable to clear up a possible question of personal

equation. If we reduce Struve's angle for 1836 with

Leverrier's proper motion of Aldebaran to the present

year, we find an angle nearer 32°-5 than 35°'5.

The Third Comet of 1759.—This comet was not

observed until January, 1760, but appears in our catalogues

as comet 1759 III., from the circumstance of the perihelion

passage ha\-ing occurred in December of that year. It

approached very near the earth, but was not a conspicuous

object more than a few days. There are several references

to the comet in the Annual Register for 1760, where we
learn that it was " discovered and astronomically observed

by Mr. Dunn at his Academy at Chelsea," who had
determined the positions of Halley's comet on every

evening during the first week of May previous. Pingrd

states that the sky, having been constantly overcast at

Paris for several days, all the astronomers of that capital,

including Cassini de Thury, Maraldi, Lacaille, and Messier,

detected the comet on the evening of January 8 ; Dunn is

credited with having found it on January i. It was seen

at Lisbon on January 7. For the purpose of these

remarks we shall adopt the elements of Lacaille, in

deducing the apparent places of the comet.
There is no reason why the comet should not have

been found on January i, if atmospherical conditions had
been favourable, but it must have been on the morning,

not on the evening of that day. In fact, the comet would
rise soon after 1 o'clock a.m., in London, and would be
upon the meridian a few minutes before six at an altitude

of more than 23°. It is, however, distinctly stated in the

Annual Register that Dunn discovered the comet in the

evening, that " it appeared to the naked eye like Jupiter

or Venus through a thick fog, and made a near appulse

to the star in Orion's right knee, and moved more than

four degrees of the heavens in four hours of time." This
can only refer to the evening of January 8. The elements

give the following positions :

—

d. h.

January 8 8

8 12

earth.

0-0734
0-0760

88 59 ... 99 55
84 17 ... 98 34

There was, therefore a motion of upwards of four degrees

in as many hours, and soon after midnight the comet
would not be more than i:f° from Orion's right knee, or

K Orionis. It is therefore pretty certain that Dunn did

not precede other observers by a week, as might at first

sight appear from the statement in the Register. Clouded
skies had evidently prevailed in Western Europe for

some days, and the comet was detected on the same
evening, January 8, on the heavens clearing, in England,
France, and Holland.

The rapid course of this retrograde comet will be
apparent from the foUovnng positions, calculated for

Greenwich midnight.

R.A. N.P.D. Distance.

Jan. 5 ... 165 36
„ 6 ... 147 II

„ i7 ... n6 27

,, 8 ... 84 17

„ 9 ... 64 9
„ 13 ... 39 22

109 22 ... 0112
iio 3 ... 0-083
106 58 ... 0068
98 34 ... 0-076

91 30 ... OIOI
82 33 ... 0-24S

Between January 7 and 8 the comet passed over 32^° in
arc of great circle, and was nearest to the earth soon after
midnight on the former date. On January 9 in the
evening Dunn says the comet passed near ^ and v in
Eridanus, and we find from Lacaille's elements that at
5h. 39m. P.M. it would have the same right ascension as ^,
with only 40' greater decimation. So far as regards
position the comet might have been observed as early as
the day of perihelion passage, December 16, when it was
in R.A. 199° and N.P.D. 103°, rising in London at
2h. 45m. A.M. ; but the intensity of light was only -prjth

of that on the evening of January 8, when it was generally
discovered. It is rather unfortunate that it was not
observed over a longer period, since it appears certain
that in its approach to perihelion it must have passed
very near to the planet Jupiter, and we might expect a
sensible deviation from the parabola. On November 7,

1758, Lacaille's orbit would give the comet's distance from
Jupiter less than 0-05

.

METEOROLOGICAL NOTES
Sun-spots and Rainfall of Calcutta.—Mr. E.

Douglas Archibald, of Naini Tal, has written an in-

teresting letter to The Englishman, the leading Calcutta
newspaper, in which he shows from the observations
made from 1837 to 1876, that the winter rainfall (Nov.
to April inclusive) of Calcutta is marked by a distinct

periodicity, the maximum rainfall occurring during the
years of minimum sunspots, and the minimum rainfall

during the years of maximum sun-spots. The following
are the figures for the years of the sun- spot cycle begin-
ning with the year of minimum sun-spots :

—

Average Rainfall.

1st and 2nd year of cycle ... 6'44 inches
3rd and 4th „ •• 5'93 „
5th and 6th „ ... 4-44 „
7th and 8th „ ... 5-03 „
9th and loth „ ... 6-15 „
ilth „ ... 8-49 „

the average rainfall for the forty years being 5-41 inches.

Mr. Archibald is of opinion that this peculiarity, which
is the reverse of what obtains as regards the rainfall of
the whole year, in its relation to sunspots, will be
found not to occur much farther south than Calcutta,
and that it will be more decidedly marked over the
region farther to the north lying more immediately under
the great range of the Himalayas. The point is one of
very considerable interest and deserves the fullest inves-

tigation, since, if the supposition proves to be correct, it

will doubtless lead to a more exact method of examining
the rainfall in its relation to sun-spots. It may be
remarked that the winter rainfall at Sydney (in the
southern hemisphere) from 1840 to 1876, which is situated

within the latitudes indicated by Mr. Archibald, exhibit?

the same peculiarity as that of Calcutta in its relation to

the sun-spot period.

Winds of the South Atlantic—M. Brault an-

nounces the pubhcation by the French Marine of a series

of new meteorological charts giving the direction and force

of the winds of the South Atlantic for each of the four

seasons, the charts being similar to those published by
M. Brault about two years ago on the winds of the North
Atlantic. The new charts contain the results of 189,573
observations of the wind. The general movement of the

winds in summer over this portion of the globe resembles
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an immense whirl whose centre is about 30^-35° lat. S.,

and 10^-20^ long- W. The whirling movement is in

a direction contrary to that of the hands of a watch,
being thus opposite to the general circulation of the

atmosphere over the North Atlantic in summer. Out
from this centre winds blow in all directions, the more
important being the south-east trades, which are de-

flected to south and south-south-west off the coast of
Africa, and to east-south-east and east on approach-
ing America ; then in succession north-east, north, and
north-west winds on advancing southward along the

coast of America, merging finally in the westerly winds
which blow across the Atlantic from Cape Horn to the

Cape of Good Hope. Looking both at the direction and
force of the winds, M. Brault concludes that the results

establish beyond a doubt the fact that, contrary to views

entertained up to a comparatively recent date, there does
not exist any tropical zone stretching across the South
Atlantic, characterised by the prevalence of calms and
light variable breezes. These results are in entire accord-
ance v/ith recent researches into the atmospheric move-
ments over this region, and are of peculiar interest when
viewed in connection with the distribution of atmospheric
pressure and its variation with season over South America,
the South Atlantic, and South Africa.

Climate of Kosseir, on the Red Se4.— In the last

number of the Journal of the Austrian Meteorological
Society, p. 225, there is an interesting article on the

climate of Kosseir, on the Red Sea, based on a year's

observations by Dr. Klunzinger during 1872-73. The
interest of the climate of this region lies in its e-xtreme

character in certain directions, and the regularity of

occurrence of its changes from season to season. The
mean atmospheric pressure is 3o'o20 inches, rising to the

maximum 30213 inches in January, and falling to the
minimum 29863 inches in July, showing thus a vari-

ation of o"35o inches in the monthly means. The
mean temperature is 76°'3, the warmest month, August,
being 84"

'9, and the coldest, January, 64°'g. There is

little cloud in any season, and in summer the skies

are constantly all but cloudless. A prominent feature

of the climate is its dryness, the mean relative humidity
for the year being only 56, falling in June to 51, and
rising to 62 in November. This great dryness is due to

the winds, which are northerly and north-westerly during
the whole year, the only change being from about north-
noith-west in summer to north-west in winter. Occa-
sionally, however, when easterly winds set in, the air

becomes so saturated that everything is wetted with the
vapour with which it is heavily charged. On June 4,

1873, a " Samum" commenced (north-north-west, force 7),
the horizon having a grey troubled appearance, the sky
cloudless, and the air hot and dry ; it continued till the
6tb, and it was during this strong dry wind that the
highest temperature, 93°'9, was observed.

Drought in Canada.—An unusual drought has pre-
vailed in Canada during the past spring. Little rain
having fallen for ten weeks, the waters of the Ottawa and
St. Maurice, two of the principal lumbering rivers, have
been reduced to their summer level, having never before
been so low at this season. A serious consequence of
this state of matters is, that very large quantities of the
finest timber of the dominion must remain in the woods
till next year.

EARLY ALLUSIONS TO THE MAGNETIC
NEEDLE

A T recent meetings of the Literary and Philosophical
-^~*- Society of Manchester interesting contributions to
the subject were made. In a paper by Mr. H. Grimshaw
he refers to such an allusion in a work entitled, " An
Apologie of the Power and Providence of God in the

Government of the World ; or, An Examination and
Censure of the Common Error touching Nature's Per-
petual and Universal Decay : Divided into Four Books."
The author is one " G. H.," D.D. (Doctor of Divinity),
and the work is printed at Oxford by John Litchfield and
William Turner, " Printers to the famous University,"
Anno Domini 1627, being therefore exactly 250 years old.

The third book of the four into which the work is

divided treats of " The pretended decay of mankind in

regard and duration, of strength and stature, of arts and
wits." The tenth chapter of this third book is said to be
" Touching diverse artificiall workes and usefuU inven-
tions, at leastwise matcliable with those of the ancients,
namely and chiefly the invention of Printing, Gunnes,
and the Sea-Card or Mariners Compasse." This tenth
chapter again, for such is the orderly division of the
subjects, is subdivided into four sections, and the fourth
of these is headed " Of the use and invention of the
Mariners Compasse or sea-card, as also of another
excellent invention sayd to be lately found out upon the
Load-stone, together with the conclusion of this com-
parison touching Arts and Wits, with a saying of Bodius,
and another very notable one of Lactantius."

It is in the account of this " excellent invention sayd
to be lately found out upon the loadstone" that a curious
prevision or dream, so to speak, of the application of

electricity as a means of communication occurs, and there
is small wonder that the old philosopher called it as he
does further on, ''an excellent and secret conclusion upon
the stone," for, whilst perusing his description, one can
hardly imagine that the writer has not in his mind's eye
one of our most modern telegraphic instruments. The
paragraph is as follows :

—

" Another excellent and secret conclusion upon this

stone, pretended to be found out in these latter times, is,

that by touching two needles with the same stone, they
being severally set so as they may turne upon two round
tables, having on their borders, the Alphabet within
circlewise, if two friends agreeing upon the time, the one
in Paris, the other in London (having each of them their

table thus equally fitted) be disposed upon certayne dayes
and at certaine houres to conferre, it is to bee done by
turning the needle in one of the tables to the Alphabet,
and the other, by Sympathie will turn itself in' the same
manner in the other table though never so fane distant :

which conclusion if infallibly true, may likewise proove of

good and great consequence ; howsoever, I will set it

down as I find it described by Faniianus Strada in

imitation of the stile and vaine of Lucretius^''

Manned genus est lapidis miraiile, &c., &c-

Then follows the extract in Latin, with the English
translation in verse attached.

It will be acknowledged by any one familiar with the
instrument, that the dial telegraph of Cooke and Wheat-
stone, invented subsequently to their first upright needle
form, most curiously carries out the ideal description of

this old author, and it will be seen that the date at which
his work is written was nearly 200 years prior to the first

attempt made to communicate at a distance by means of
magnetic needles.

Prof Stanley Jevons, in a subsequent paper, stated that

ten years ago he spent some trouble in investigating this

curious anticipation of the telegraph, but only published

the results in the form of a brief anonymous article in a
weekly newspaper. This curious subject, Mr. Jevons
thinks, has not received the attention which it seems to

deserve, but it was not wholly unknown. The Abbd
Moigno, in his " Traite de Tdldgraphie Electrique

"

(P.aris, 1 85 2), alludes to what he calls this " Charmant
reve, ou operation necromancienne," and he points out
that Addison had quoted the remarkable verses of
Famianus Strada in the Speetator, No. 241. Addison
speaks of " a chimerical correspondence between two
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friends by the help of a loadstone." Strada's remarkable

lines are also quoted and translated in Mr. George
Dodd's account of " Railways, Steamers, and Telegraphs

:

a Glance at their Recent Progress and Present State "

(Chambers, 1867). Mr. Jevons found allusions to a

magnetic telegraph running through many scientific, or

quasi-scientific, works ol the sixteenth and seventeenth

centuries. Sir Thomas Browne, in his " Pseudodoxica

Epidemica," says :

—
" The conceit is excellent, and, if the

effect would follow, somewhat divine ;" and he speaks of

it as a conceit " whispered thorow the world with some
attention, credulous and vulgar auditors readily believing

it, and more judicious and distinctive heads not altogether

rejecting it." Sir Thomas, it would seem, submitted the

matter to experiment, but found that though the needles

were separated but half a span, when one was moved
" the other would stand like Hercules' pilHrs "

Joseph Glanvill, in his Scepsis Sciciitifica (1665), dis-

cusses the objections of Sir Thomas Browne, and concludes

that " there are some hints in natural operation that give

us probability that it is feasible." How can we read

without wonder these words written by Glanvill more
than 200 years ago.? "Though this pretty contrivance

possibly may not yet answer the expectation of inquisitive

experiment, yet 'tis no despicable item that by some other

such way of mngnetick efficiency it may hereafter with

success be attempted, when magical history shall be
enlarged by riper inspections ; and 'tis not unlikely but

that present discoveries might be improved to the per-

formance." It is evident that Glanvill treats the matter
quite seriously as a scientific possibility. The Marquis
of Worcester probably refers to the magnetic telegraph

when he speaks of " intelligence at a distance communi-
cative, and not limited to distance, nor by it the time
prolonged." (Dirck's " Life of Worcester," p. 357.)

Mr. Jevons tried to trace these notions to the first

inventor, but, as might be expected, without much success.

Strada attributed the invention to the celebrated Cardinal

Bembo, the secretary of Leo X., but as Bembo (who died

in 1547) was a historian and literary character, it is hardly

likely that he would originate a scientific conception of

the sort. The earliest books in which Mr. Jevons found
allusions to a magnetic telegraph is the Natural Magic
of Baptista Porta, published in 1589. In the seventh
book he describes the " wonders of the magnet," saying
in the preface, " I do not fear that with a long absent
friend, even though he be confined by prison walls, we
can communicate what we wish by means of two compass
needles circumscribed with an alphabet." In the eighteenth

chapter of the same book, he describes the experiment of

putting a magnet under a table and moving thereby a
needle above the table. This experiment, as Porta
remarks, was known to St. Augustine, and an exact

description will be found in his " De Civitate Dei," a
work believed to have been begun a d. 413. It seems
probable that this passage in St. Augustine suggested the

notion either to Porta, Bembo, or some early Italian

writer, and that thus it came to be, as Sir Thomas Browne
says, " v.-hispered thorow the world."

Mr. William E. A. Axon refers to the passage in Strada

in which he supposes the loadstone to have such virtue

that " if two needles be touched with it, and then balanced
on separate pivots, and the one be turned in a particular

direction, the other will sympathetically move parallel to

it. He then directs each of these needles to be poised

and mounted on a dial having the letters of the alphabet

arranged round it. Accordingly, if one person has one
of the dials and another the other, by a little pre-arrange-

ment as to details, a correspondence can be maintained
between them at any distance by simply pointing the

needles to the letters of the required words." The date

of the first edition of Hakewill's " Apologie or Declaration

of the Power and Providence of God in the Government
of the World" is 1627 ; but the work of Strada's from

which he quotes was published ten years earlier. Famianus
Strada was born at Rome in 1572, and his " Prolusiones
Academicse et Paradigmata Eloquentije " appeared at

Rome in 1617. Several editions of his "Prolusiones"
have been printed in this country. The particular-poem

referring to the loadstone has been translated into English,

and is printed in " The Student ; or, Oxford and Cambridge
Miscellany," 1750. The passage is referred to by Addison
in a paper in the Spectator, No. 241, and in the Guardian,
No. 1 19. In the former of these he adds :

" In the mean-
while, if ever this invention should be revived or put in

practice, I would propose that upon the lover's dial-plate

there should be written not only the four-and-twenty

letters, but several entire words which have always a
place in passionate epistles : as flames ; darts ; die

;

language ; absence ; Cupid ; heart ; eyes ; hang ; drown ;

and the like. This would very much abridge the lover's

pains in this way of writing a letter, as it would enable

him to express the most useful and significant words with

a single touch of the needle."

The subject is an interesting one, and seems to us well

worth being followed out.

EVOLUTION OF NERVES AND NERVO-
SrSTEA/S^

II.

AS the MedusEe are thus the lowest animals in which
a nervous system has yet been discovered, we have in

them the animals upon which we may experiment with the

best hope of being able to elucidate all questions concern!' g
the origin and endowments of primitive nervous tissues.

I have therefore spent much time and labour, both last

year and this year, in cultivating this field of inquiry
;

and as it is a field whose ground had never before been
broken, and whose fertility has proved itself prodigious, it

is not surprising that I should have reaped a rich harvest

of results. So far as these results have any bearing on
the general theory of evolution, their character is uni-

formly such as that theory would lead us to expect. For
if I had two hours at my disposal instead of one, I might
mention a number of facts which tend to show, in a very

striking manner, that the primitive nervo-muscular tissues

of the Medusje, in respect of their physiological pro-

perties, present unmistakable affinities, on the one hand
with the excitable tissues of certain plants', and on the

other hand with the nervo-muscular tissues of higher

animals. But not having time to go into this matter, I

shall on the present occasion restrict myself to describing

such of my results as tend to substantiate Mr. Herbert
Spencer's theory concerning the mode in which nerves and
nervo-systems have been evolved. And I adopt this course,

not only because I feel that any facts bearing on so import-

ant a subject cannot fail to be of interest to all intelligent

persons, but also because I think that this is a place best

suited for publishing the somewhat speculative inferences

which I have drawn from my facts. If these inferences

are correct, their philosophical as well as their scientific

influence will be great and far-reaching ; but until they

shall have been more completely verified I have not

thought it desirable to adduce them in my communica-
tions to the Royal Society. Referring, therefore, those

among you who may be interested in the research as a
whole to the Pliilosopliical Transactions, I will now invite

your attention to a connected interpretation of some of

the facts that it has yielded—an interpretation which I

here publish for the first time.

To begin, then, with this diagram, Fig. 2. It represents

Aiirelia aurita, with its polypite cut off at the base, and
the under, or concave, surface of the bell exposed to

view. The bell, when fully expanded as here represented,
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is about the size of a soup-plate, and in it all the ganglia

of the margin are collected into the eight marginal bodies
;

so that on cutting out these eight marginal bodies total

paralysis of the bell ensues. But although the bell is

thus paralysed as to its spoitaneoiis movements, it con-
tinues responsive to stimulation ; for every time you
prick or electrify any part of the contractile sheet, a wave
of contraction starts from the point which you stimulate,

and spieids from that point in all directions as from a
centre. Such contractile waves, at ordinary temperatures,
irav el at about the rate of a foot and a half per second

;

and the important question with regard to them which we
shall have to consider to-night is this—Are they merely
of the nature of muscle-waves, such as we see in undit-

fcrentiated protoplasm, or do they require the presence of

rudimentary neive-fibres to convey them—the stimulus
w.ive in the ludimentary //tv-'f-fibres progressively causing,

as it advances, the co)iiractile wave in the rudimentary
mnscte-^hxti ?

Now the great argument in favour of these contractile

waves being muscle-waves, and nothing more, is simply
this—that the contractile tissue is able to endure im-
mensely severe forms of section without the contr.ictile

waves in it becoming blocked. For instance, when the
lell of Aiire/ia is cut as here represented. Fig. 3, and any
pait of the circle is stimulated, a contractile wave radiates

from the point of stimulation just as it did before the
cuts were introduced, notwithstanding the wave has now
to zig-zag round and round the ends of the overlapping
cuts. Similarly, if instead of employing artificial stimu-
lation, a single ganglion (g) be left in iitic while all the
other seven are removed, contractile waves will radiate
in rhythmical succession from the single remaining
ganglion, and course all the way round the disc.
Now this experiment seems to prove that the contractile
waves depend for their passage, not on the conductile
function of any primitive nervous net-work, but on the
protoplasmic qualities of the primitive muscular tissue.
The experiment seems to prove this, because so severe a
form of section would seem of necessity to destroy the
functional continuity of anything resembling such a
nervous net-work as we observe in higher animals.

Here,again,Fig.4,isanotherform of section. Seven mar-
ginal bodies having been removed as before, the eighth one
was made the point of origin of a circumferentiafsection
which was then carried round and round the disc in the
form of a continuous spiral— the result, of course, being
this long riband-shaped strip of tissue with the ganglion
{g) at one end, and the remainder of the swimming'-bell
at the other. Well, as before, the contractile waves
always originated at the ganglion ; but now they had to
course all the way along the strip until they arrived at its

other extrfm'ty, and as each wave arrived at that extre-

mity it delivered its influence into the remainder of the
swimming-bell, which thereupon contracted. Hence,
from this mndeof section as from the last one, the deduc-
tion rerlainly appears to be that the passage of the
contractile waves cannot be dependent on the presence of

a nervous plexus ; for nothing could well be imagmed as

"«^

more destructive of the continuity of such a pl.xus than
this spiral mode of section must be.

Nevertheless there is an important body of evidence to

be adduced on the other side ; but as I can only wait to

state a few of the chief points, I shall confine my obser-
vations to the spiral mode of section. First of all, then,

I have invariably found it to be the case that if this mode
of section be carried on sufficiently far, a point is sooner
or later sure to come at which the contractile waves cease
to pass forward : they become blocked at that point.

Moreover, the point at which such blocking of the waves
takes place is extremely variable in different individuals

of the same species. .Sometimes the waves will become

^,,1

blocked when the strip is only an inch or less in length,
while at other times they continue to pass freely from end
to end of a strip that is only an inch broad and nearly a
yard long ; and between these two extremes there are all

degrees of variation. Now if we suppose that the in-

fluence of the ganglion at the end of the strip is propa-
gated as a mere muscle-wave along the strip, I cannot see
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why such a wave should ever become blocked at all, still

less that the point at which it does become blocked should

be so variable in different individuals of the same species.

On the other hand, if we suppose the propagation of the

ganglionic influence to be more or less dependent on the

presence of a more or less integrated nerve-plexus, we
encounter no difficulty ; for on the general theory of evo-

lution it is to be expected that if such fibres are present

in such lowly animals they should not be constant as to

position.

But there is a still stronger argument in favour of

nerve-fibres, and it is this. At whatever point in a spiral

strip which is being progressively elongated by section the

blocl:ing of the contractile wave takes place, such block-

ing is sure to take place completely and exclusively at that

point. Now I cannot explain this invariable fact in any
other way than by supposing that at that point the section

has encountered a line of functionally differentiated tissue

—has severed an incipient nerve.

Such, some of you may remember, was the state of the

evidence when I last addressed you upon this subject.

On the whole I provisionally adopted the view that all

parts of the rudimentary muscular sheet of the Medusje
are pervaded by a plexus of rudimentary nerves, or " lines

of discharge ;" and I explained the fact of the tissues in

some cases enduring such severe forms of section without

suffering loss of their physiological continuity, by suppos-

ing that all the rudimentary nerve-fibres composing the

plexus to be capable, in an extraordinarily high degree, of

vicarious action. If you were to represent the hypo-
thetical nervous plexus by a sheet of muslin, it is clear

that however much you were to cut the disc of muslin with

such radial or spiral sections as are represented in the

diagrams, you could always trace the threads of the mus-
lin with a needle round and round the disc without once
interrupting the continuity of your tracing ; for on coming
to the end of a divided thread you could always double
back on it and choose another thread which might be
running in the required direction. And this is what I

last year stated to be my opinion as to what took place in

the fibres of the hypothetical nervous plexus ;—whenever
a stimulus wave arrives at a cut, I imagined it to double
back and pass into the neighbouring lines of dis-

charge, which I thus supposed to act vicariouily for the

divided line.

Such, then, when last I addressed you, was the stand-

ing of this question as to the character of these highly
remarkable contractile waves. On the whole I decided in

favour of a rudimentatary nervous plexus, notwithstand-
ing the improbability that such a plexus should be capable
of vicarious action in all its parts to so almost unlimited

a degree. ' I am glad to say that this decision has now

* This antecedent improbability is not so ovenvbeImin» as it is at first

sight apt to appear ; for we must remember that in a peripheral nervous
plexus as we meet with it in the higher animals

—

i.e., in the fully evolved form
of such a structure—each of the constituent nerve-tibres is provi^'ed with an
insulating coat for the very purpose of preventing vicarious action among
these fibres and the consequent confusion among the reflex mechanisms
which such vicarious action would mani'*estly occasion. But because insu-
lation of peripheral nerve-fibres is thus an obvious neces-ity in the case of
a fully evolved nervous plexus, it by no means follows that any high degree
of insulation shou'd be required in the case of an inc"pient nervous p'exns.

On the conirary, any hypothesis as to the manner in which nerve-fibres first

begin ro be differentiated fiom protoplasm must suppose that the condnctile
function of the incipient nervous tracts precedes any structure, such as that
of nerve-coats, whereby this function is strictly confined to particular tracts.

The antecedent probability being thus in favour of the view that insulating
structures are a prodrct of later evolution than are the essential nervous
structures which they insulate, it would clearly be very hazardous to draw any
analogy between an incipient nervous plexus such as I suppose to be present in

the Medusa;, and a fully-evolved peripheral plexus of any of the higher ar,i-

mals. A less hazardous analogy would be furnished by the fibres which occur
in the central nervous system of the higher animals ; for here it may be said,

both A priori Uoxn Mr. Spencer's theory and (i/t7j^<r//^w^' from histological in-

dications, that the nerve-fibres occur in various degrees of differentiation. And
that vicarious action is possible to some considerable extent through a bridge of
the grey matterof the cord, has been shown bythe double hemi-section experi-
ments of Brown-Sequard. -Moreover, the admirab'eexperiments of Goltz would
seem to indicate that vicarious action is also possible to a large extent among the
ultimate elements of the brain- I may add that recent research has tended to
suggest a novel interpretation of the way in which certain poisons, such as
strychnia, act upou the cord ; for whereas it has hitherto been supposed that

been further justified by some additional observations

which are of the first importance. For since my last lecture

I have noticed the fact that reflex action takes place be-

tween the marginal ganglia of the Medusa: and aU the con-

tractile tissues of the animal. Thus, for instance, if you
seize the polypite withapair of forcep=, the marginal ganglia

almost immediately set the swimming-bell in violent mo-
tion—thereby showing that the stimulus must have coursed

up the polypite to its point of insertion in the bell, and then

down the sides of the bell to the ganglia, so causing them
to discharge by reflex action. Again, suppose that seven of

the eight ganglia have been removed from the margin of

Aiirclia, and that any part of the contractile disc is stimu-

lated too gently to start a contractile wave from the point

immediately stimulated, a contractile wave will nevertheless

shortly afterwards start from the ganglion—thus showing

that a stimulus wave must have passed through the con-

tractile sheet to the ganglion, and so caused the ganglion

to discharge. Indeed in many cases the passage of this

stimulus wave admits of being actually seen. For it is a
peculiarity of the numberless tentacles which fringe the

margin of this Medusa, that they are more excitable than is

the contractile tissue of the bell. Consequently a stimulus

m.ay be applied to the contractile tissue of the bell which is

not strong enough to start a contractile wave in the bel!-

tissue itself, and is yet strong enough to start a contractile

wave in the tentacles—one tentacle after anolher contract-

ing in rapid succession until the wave of stimulation has

passed all the way round the disc. The latter, of course,

remains quite passive until the tentacular wave, or wave

of stimulation, reaches one of the ganglia (or the single

remaining ganglion, if the disc has been prepared by

removing seven of the ganglia), when, after an interval of

half a second for the period of latency, the ganglion is

sure to discharge, and so to cause a general wave of

contraction.

Now these facts prove, in a singularly beautiful manner
— for this optical expression of the passage of a wave of

stimulation is a sight as beautiful as it is unique—these
facts, I say, conclusively prove that the whole contractile

sheet of the bell presents not merely the protoplasmic

qunlities of excitability and contractility, but also the

essentially nervous quality of conducting stimuli to a

distance irrespective of the passage of a contractile wave.

So I conclude there can be no longer any question that

we have here to deal with a tissue already so far dif-

ferentiated from primitive protoplasm, that the distin-

guishing function of nerve has become fully established.

JI

THE NORWEGIAN ATLANTIC EXPLORING
EXPEDITION

Tromso, July 13, 1877

HE expedition met at the beginning with several

unfavourable circumstances. In the last week of

May Capt. Wille went out to Huso with the Varingen,'yc\.

order to determine the magnetical constants of the ship.

After his arrival a flaw was discovered in the shaft, so

that he went back to Bergen, where there was fortimately

a new shaft lying ready. A few days later the ship was

again at Huso, and was swung, not without some difficulty

owing to rough weather. Itii Absolute magnetical observa-

tlie abnormal reflex exc'tability which these poisons engender is ("ue to the'r

exerting a stimulating ii-flue ce on the cord, the researches in question have

fii-ly well proved that the very reverse is true, viz . that the action of these

poisons is to depress the vitality of the cord. For a number of facts go to

prove that the abnormal reflex excitability is due to the impairment of some

function which has been provisionally termed *' resistance of the cord, ' a

function which in health prevents the undue spread of a stimulus through

the substance of the cord, and the impairment of which by the poison con-

sequently admits of a stimulus spreading to an undue extent, so giving rise

to the abnormal reflex excitability in question. As bearing on ihissubjec,

1 may observe thatwhile the action of strychnia on the iVIedusje is the same

as it is on the higher animals, viz.. that of causing paroxysmal convulsions,

it certainly seems to exercise a depressing infl.ience on the tissues ;
for an

extremely weilc sea-water snlut'on has the effect of blocking contractile

waves inany part ofaspiralstrip ihatissubmittedtoitsinRuence.—G. J R.
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tions on shore were secured by Capt. Wille. The neces-

sary observations for compass error having been obtained,

the Vdrhiiji'H returned to Bergen, where the scientific staff

was assenibled. There was, however, something still

wanting before we could put to sea. The accumulators
used last yenr had got britde, and new ones had been
ordered from London in March, but they had not arrived

in May, and in answer to a telegram Capt. Wille learnt

that the order had been forj;otten. The new accumulators
kept us v/aiting in Bergen till June 1 1, when we sailed for

Stavanger, and received them on the 13th, and we put to

sea at once.

Outside the coast we took a series of temperatures,
which showed the minimum, not at bottom, but at a
certain depth below the surface. The same phenomenon
has lately been observed in all latitudes near the coast.

I attribute it to the action of the winter cold on the sea.

Our first working station was m iat. 66° 8''5, long. 3° o'

E., which was reached on the morning of June 16. The
depth here was 805 fathoms, the temperature at bottom,
29°7. We now worked in even sections, running west-
noith-west and east-south-east perpendicular to the coast.

The third section from Iat. 67° 53', long. 5° 12' E. to the

island of Trocuew having been completed, we went
northwards into the West Fiord, where a series of tem-
peratures was taken with Negretti and Zambra's deep-sea
thermometer. Last year we could not use this instrument
at sea because the slightest upward movement of the
ship caused the thermometer to turn over before it

had had sufficient time to accommodate itself to the
temperature of the sea. This year it was fitted with
a new turning apparatus devised by Capt. Wille, which
proved satisfactory. In the outer part of the West Fiord
the temperature on the surface was 45°7 ; it decreased to
38^'8 in sixty fathoms ; and from that point it rose to 41° o
in 140 fathoms, ten fathoms above the bottom. The
Casella- Miller thermometer of course registered from this

depth the minimum 38°'8. The phenomenon here noticed
is universal all along our coasts in the summer months

;

I discovered it for the first time in the West Fiord two
years ago. The explination seems to be this : In winter
the air is generally cooler than the sea-surface, especially at

the coast
; the water is chilled from above, an-d the cooled

layers being denser, sink down, and so the winter cold de-
scends in the water ; the temperaturedown to a certain depth
mcreases with the depth. When spring and summer
come, ihe air warms up the sea surface, and the surface
layers getting warmer get lighter also, and have no
tendency to sink. The temperature becomes highest at
the sui face, and decreases to a certain depth, below which
the action of the winter cold still shows itself in a
temperature increasing with the depth.

After dr, dging and trawling in the inner part of the
West Fjord, we went to Boeld, where the expedition
stayed a couple of days. On the 26th we arrived at
Rosh, the outermost of the LolToden Islands

; there we
stayed some days, strengthening the accumulators,
cleaning the ship, taking magnetical and astronomical
observations, and making excursions.
We left Rcish on the 2Sth at noon, and commenced our

work on the sections further north, sounded, dredged, and
trawled outside the Loffoden Islands till the 30th, when
we went into the Hadsel Fjord, and anchored at
Sortland in Westeraalen. The next week was spent in
working outside Westeraalen. There the greatest depth
for this year was reached, 1,710 fathoms in Iat.

70", long. 6° 15' E. The Casella-Miller thermometer
registered at the bottom a temperature of 28^4 when
corrected for instrumental error and for pressure, the
lowest temperature hitherto found by our expedition. A
series of temperature observations showed that the tem-
perature at all depths decreased with the depth, and that
32° lay in about 580 fathoms. The next Sunday, July 8,

found us in Tromsd.

The expedition has this summer been favoured with
remarkably fine and quiet weather, which has allowed us
to carry out all our operations according to our proposed
plan. The number of sounding stations is already loi

;

last year's total was only 93. Seventeen serial tem-
peratures have been obtained, and the dredjie and trawl
have been out on the bank in the Umbcllularia region
(one specimen has been caught), and in the deep
bihculiim clay, at the depth of 1,700 fathoms, animal life

was rather scarce. The boundary line between the water
above and below 32° at the bottom, lies between Iat. 65"
and the Arctic circle as far west as 5° 30' E. A
little north of the Arctic circle it has a curvature
towards the coast, and farther north it lies only
from five to ten geographical miles off the outer
side of the islands of Loffoden and Westeraalen. On
this northern part the edge of the bank is very steep, ard
the bottom falls very rapidly towards the deep part of the
Arctic Ocean. Out at sea the isothermal surface of
32" lies at very different depths in different latitudes. In
the channel between Faroe and Shetland, it lies in 300
fathoms, between Iceland and Norway it sinks to 400
fathoms, and between Jem Mengen and Norway we have
found it in 580 fathoms. To the westward it rises, as we
found last year, cast of Iceland. How it behaves further

north, off Spitzbergen, we expect to find next year. Near
the coast, 32° always lies at a much higher level.

The Umbcllularia region has been found extending as

far down as 880 fathoms off Westeraalen, where the

specimen found came up with the weights on the dredge
rope. In several places oft" the coast we have found,

besides Norwegian rocks, specimens of chalk and flint.

Of deep-sea animals, some new species have been found.

On the bank off Langenes (Iat. 69^) we caught plenty of
the same kind of fish as are caught at the bank fisheries

on the " Storeggen," off the coast of Romsdal.
The expedition is now lying at Tromsd, refitting and

taking in stores for further work. We intend first to work
only two more sections north of Tromsd, and then call

here to make all ready for the voyage to Jem Mengen.
From that island the course will be westward till we
reach ice-cold water, then southwards to a point midway
between Jem Mengen and Iceland, and thence to Bodd,
whence the expedition will return to Bergen.
Among the novelties used in our work this year I must

mention a piezometer, kindly sent me by Mr. Buchanan,
chemist of the Challenger. This instrument has regis-

tered the depth very well. A new atmoineter of my own
construction has been constantly in use, giving good
results. Two such instruments have, under favourable

circumstances (they cannot be used m rough weather),

given almost identical results ; the depth of sea-water

evaporated in twenty-four hours is sometimes more
than four millimetres. Meteorological observations have
been made every hour when at sea. The chemist has got

many samples of air from the sea-water, both at the

surface and at the bottom. He has taken the specific

gravity of the water and determined its amount of

chlorine. He has also made several determinations of

its amount of carbonic acid.

MR. FROUDE'S NEW DYNAMOMETER
]\/[ R. FROUDE, in solving the problem assigned to him by
''-' the Admiralty—of producing a dynamometer calculated to

test the power delivered at the end of the screw-shaft by large-

sized marine engines—has enabled us to utilise a new principle

of great value among the "applications of science."

In the friction-brake dynamometer, as is well known, the power
delivered to a revolving shaft is measured by the rate at which a
definite weight is being virtually lifted, and the number of foot-

pounds of work done per minute is the circumference of the drum
at the effective radius at which the weight is lifted, multiplied by
the weight and by the number cf revolutions per minute. Simple
as the arrangement is when employed on a small scale, it
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involves serious difficulties when greatly magnified, owing to the

i;reat amount of heat ; and it was chiefly in order to escape this

difficulty that Mr. Froude sought some fresh viodiis operandi,

and ultimately felt his way to the arrangement to which we
desire to draw attention.

Under this arrangement, the engine, in utilising its power, will

still be virtually winding up a weight ; but the weight, instead

of being constant, will vary with the speed of rotation, much in

the same way as the resistance of the propeller itself does ; and
thu? the work performed by the engine under trial will more
closely resemble its natural work.

The reaction, instead of arising from the continuous friction

of two solid surfaces, will consist of a multitude of reactions

supplied by the impact of a series of fluid jets or streams, whicli

are maintained in a condition of intensified speed by a sort of

turbine revolving within a casing filled with water, both being

mounted on the end of the screw-shaft in place of the screw,

the turbine revolving while the casing is held stationary ; the

jels being alternately dashed forward from projections in the

turbine against counter-projections in the interior of the casing,

tending to impress forward rotation on it, and in turn dashed
back from the projections in the casing against those in the

turbine, tending to resist its rotation. The important point is,

that the speed of the jets is intensified by the reactions to which
they are thus alternitely subjected ; and thus in virtue of this

circumstance a total resistance of very great magnitude is main-
tained within a casing of comparatively very limited dimensions.

The nature of this arrangement will be gathered from the

accompanying figures.

In Fig. I, A A represents the screw-end of the screw shaft
;

li li shows in section what has been termed " the turbine ;
"

it is

a disc or circular plate, with a central boss, keyed to the screw-

shif: in place of the screw, and revolving with the shaft. The

disc is not flat throughout, its entire zone being shaped into a
channel of semi-oval section, which sweeps round the whole
circumference concentrically to the axis. To give definiteness

to the conception, imagine that, to deal with an engine of 2,000
Ind. horse-power, making 90 revolutions per minute, the diameter
of the turbine-disc to the outer border of the channel is five leet.

In Fig. 2, Fig. i is repeated, and what has been called " the
casing" is added, being indicated by the letters c c, D D, the

former representing the front and the latter the back. The face

carries a channel, the counterpart of that carried by the disc,

which it also fronts precisely, so that the two semi-oval channels
in effect form one complete oval channel, though the two halves
are in substance separated by an imaginary plane of division.

The back of the casing embraces or incKides the disc entirely,

but without touching it ; the casing is also provided with a boss,

which is an easy fit over that of the disc or turbine, and thus the

disc carried by the shaft can revolve within the casing without
touching it, while the casing itself is stationary, and one half of

the oval channel is running round while the o her half is at rest.

Thus far the two half channels have been regarded as open
and unobstructed ; they are, however, in fact each closed or cut

across by a series of fixed diaphragms, a single one of which is

shown in Fig. 3, as in its place in the disc-channel. The
diaphragms cut tne channel, not perpendicularly, but obliquely,

being semicircular in outline, so that when placed obliquely their

circular edges fit the oval bottom of the channel, while their dia-

meters span the major axis of the oval Fig. 4 shows one of the
diaphragms seen end on or edgeways, as it would appear in an
edgeways view of the turbine if this were transparent.

Each half channel has twelve of these diaphragms, and is thus
divided into a series of cells, each of which, if viewed at right

angles to one of the diaphragms, or what is the same thing, if

shown in a section taken parallel to one of them, is semicircular
in outline ; and if thus viewed in connection with the cell which
is for the moment opposite to it in the counterpart half channel,
the two together make one complete cell with circular outline.

Thus the whole oval channel may be regarded as a series of
obliquely placed circular cells, and as the function of the!turbine

is to lotate while the casing remains at rest, one half of each cell

is moving past the other half in such a manner that the moving
half, if viewed from its stationary counterpart, would by reason
of the oblique direction of the diaphra:.;ms which form the cell

sides, appear to be advancing antagonistically towards it ; mdeed
the motion virtually constitutes such an advance, because the
boLtoni of each moving half cell is continually growing nearer
to the boitom of the stationary half cell which it faces. The
eifectiveness of the combination to resist rotation will be seen to

depend essentially on this quasi-antagonistic virtual approach of
the moving to the stationary half cell.

The channel and the whole casing is filled with water, and
the turbine is made to rotate as described. When the turbine
is thus put in motion, the water contained in each of its half
cells is urged outwards by centrifugal force ; and in obeying
this impulse it forces inwards the water contained in the
stationary casing half cells, and thus a continuous current is

established, outward in the turbine's half cells, inward in those
of the casing.

Now the action of these cells on the water contained in them
may be rendered more clear by the following illustration :—Sup-
pose a person in a railway train moving at a certain velocity to

hold a racket fixedly in his hand and a ball thrown to him strikes

the racket ; also that there is provided a series of walls beside
the railway inclined at such an angle that the ball leaving the

racket and striking one of the walls will rebound to the racket.

Suppose, also, for the sake of simplicity, that the ball is perfectly

rigid while the walls and racket are perfectly elastic. On striking

the racket for the first time the ball will rebound with a velocity

equal to double that of the train added to the original velocity

of projection. In order to see this clearly we must look at what

takes place in the racket. The ball meets the racket with a
velocity equal to that of projection added to that of the train,

llie strings of the racket stretch to such an extent that their
recoil would cause the ball to rebound with the sum of these
Velocities. At this instant suppose the train stopped, and we
should then see the ball projected through the air with the sum
of these velocities in consequence solely of the elastic reaction of
the racket. But in the experiment we are supposing the train is

not stopped but is at this instant capable of impressing on a ball
at rest the full velocity of the train ; this it does equally well on
the ball, which we imagine, for the instant, resting against the
stiained racket. Thus we see that the ball will be projected
through the air with a velocity equal to that of the train in

addition to that with which it would have been impressed on it

by the racket had the train been stopped at the moment indi.

cated, or, in other words, its velocity of projection will, after one
contact with the racket, have had added to it twice the velocity
of the train. Each time the ball, rebounding from the walls in
succession, meets the racket, an additional double train-velocity
will be impressed on it. Another impoitant point in this illus-

tration must not be passed over. The action of the ball on the
racket tends to retard the train, and that on the walls tends to
push them forward in the direction of train as well as away from
the line of railway.

In an analogous manner the currents originated solely by cen-
trifugal tendency, in being unceasingly reversed in direction and
increased in velocity by the opposing cells, produce a resistance

to the rotation of the turbine which is measured by the torsion
it |iroduces on the casing. This torsion is most conveniently
measured by a spring balance attached to the end of a lever
made fast to the casing.

The manner in which the currents, when established, produce
the dynamometric reaction, can be traced very easily. The
exiilanation already given of the internal form of the cells which
the current traverses, shows that the volume of water which
on stitutes it in each complete cell may be regarded as a circular
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plane or disc of water, rotating in its own plane between the
diaphragms, which define the direction of the water disc and
which are the boundaries of its thickness.

Having now traced the modus cperanai by which the reaction

is produced, it is necessary to show that (i) an adequate amount

of total reaction can be produced by an instrument ofconveniently
limited dimensions ; and that (i\ an instrument of given dimen-
sions is governable as regards its reactions, that is to say, is

capable of being made to produce at pleasure a greater or less

reaction with a given number of revolutions, so that vrithin

Enlarged of dynamometer attached to screw shaft.

reasonable limits the same instrument shall be capable of dealing
j
in the appendix, that comparing two strictly similar but differ-

with engines of great or small power, allowing each to make its ently dimensioned instruments, their respective "moments of
proper number of revolutions. reaction " with the same speed of rotation in each, should be as
As regards condition No. I, the theory shows, as will appear

|
the fifth powers of their respective dimensions.

of dynamometer attached 1

This proposition is fully borne out by experiment. Mr. Froude 1 at a given speed of turbine rotation should also have been 4.
has had a pair of similar instiumenls made, in which the turbine The ratio was in fact 3S6 ; but the small difference is referable

diameters are respectively 12 in. and O'l in Now^ilV=4 to the ciictmstance that in the larger of the two instiuments the
^

Vq'I/ mtemal surlace was rather less smooth and the inction of the

and accordingly the ratio of the moments of the twolinstruments )
water consequently rather greater than in the^ other. The data
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thus obtained not only verify the scale of comparison based on the

5th power of the dimension, but the* nlso furnish a starting-point

by which to quantify the dimensions of the instrument which will

be required to deal with anv given horse-power delivered wiih

a certain number of revolutions per minute ; and it thus ap-

pears that to command the measurement of 2,000 horse-power
("elivercd with 90 revolutions per minute (a fairly typical speed

for the power), an instrument of the dimensions fhown in the
accmpanying drawings will suffice, the turbine being 5 ft. in

d '.in Mtr, and beinj: in fact a duplicate turbine, or formed with
twii faces, with a double-sided casing to match. This two-faced
atrani; men", it may be added, while it supplies a doubled cir-

cumferential reaction with a given diameter, has tl e advantage
of obliterating all mutual thrust on the working parts ; the

Integrating apparat

centrifugal forces of the double set of vortices pressing with
equal intensity on the two internal opposite faces of the rigid

casing.

As regards condition No. 2, the theory suggests that, by con-
tracting the internal waterways, that is I'u say the passages
through the cells in the turbine and the casing, and thus inter-

cepting the free vortical rotation, all other things remaining the

M

same, the moment ol reaction due to a given speed ot rotation
could be greatly reduced.

The experiments with the models fully bore out this anticipa-

tion also, and proved that, by the very simple arrangement
shown in the drawings, the reaction with any given speed of
turbine rotation can be reduced with a perfectly graduated
progression in any required ratio down to I-I4th, the object

Integriiiing apparatu:

being efiected by advancing, from recesses in the casing abreast I
of dealing with an engine of 2,000 horse-power, making ninety

ot the two opposite quadrants in each turbine, a lunette-shaped

sliding shutter of thin metal, so fitted as to be carried forward

(by a screw motion governed from the outside) along the divisional

plane between the turbine cells and the casing cells. The
intensity of the reaction is thus brought completely and easily

under command ; and in virtue of it, it follows that the instrument

represented in the drawing, which, as already stated, is capable

revolutions per minute, is also capable of dealing \\ ith one of only

340 horse-power, making 120 revolutions per minute. And as the

reaction of the instrument vanes as the square of its speed of

rotation, and the horse-power delivered through it consequently

varies as the cube of the speed of rotation (that is 10 saj', with

a given setting of the shutters), and as, moreover, this law of

variation is somewhat the same as that which the engine itself



!76 NATURE \Atigust 2, 1877

experiences when propelling the ship under natural conditions,

it follows that the same setting of the shutters which suits a

given engine when working with its highest speed and power

will also approximately suit it when eased down to its lowest.

It remains to be explained in detail how it is proposed to

carry out the operation in dealing with any given ship.

The ship, before she leaves the dock for the trial of her

machinery, will have the instrument mounted as described, in

place of her screw. The casing will be provided with proper

apertures, capable of being closed at will, to permit the egress of

air and the ingress of water as the dock fills. The casing will

thus be in a condition to receive the moment of rotation delivered

by the screw and communicate it to the recording apparatus.

The arrangement of the dynamometric apparatus presents no

difficulty. In this, the downward pull delivered by the lever

operates vertically on the midiile of a flat horizontal steel spring,

which is supported at both ends ; and it is proposed so to pro-

portion the spring that its maximum deflection shall be about

I A inches. Different springs, however, would be required for

engines if of widely different power.

Reference has previously been made to the amount of heat

developed by friction in the friction brake, as probably the most

formidable of the objections to its employment when the horse-

power to be dealt with is as large as that now contemplated.

But it must not be supposed that the absorption of the same

amount of work in the instrument that has been described will

fail to be converted into the same amount of heat here also.

The dynamic theory of heat is unquestionable as a theory,

and the quantitative relation of work and heat is known with

certainty within far narrower limits than deserve even to be

mentioned in reference to the present subject. Although, how-

ever, the extinction of say 2,000 horse-power will in fact here, as

well as in the friction brake, consist in its conversion into so many

units of heat, the circumstances of the conversion are entirely

different in the two cases, and the difference is such as to

obliterate here the inconvenience which was fatally great there.

There, the heat was to be dealt with as being constantly deve-

loped between surfaces in close contact and inaccessible to water.

Here, it will be making its appearance in the body of a mass of

water ; and though the rapidity of the development will be so

great that the whole contents of the casing would be quickly

raised to boiling heat if the heat had no escape, yet, in the first

place, there is a cmsiderable refrigerating power always at work,

since the whole casing is enveloped in cold water, and, more-

ever, there is no difficulty in creating a constant change of water

within the casing sufficient to keep down the mean internal tem-

perature to any limit which may be thought proper. For

instance, when the instrument is dealing with 2,000 horse-power,

the temperature would be kept well below the boiling point if in

each minute eight cubic feet of cold water be substituted for the

same quantity of the hat contents of the casing, nor would the

exactness of the dynamometric action be in the smallest degree

impaired by the substitution.

Mr. Froude in his valuable paper, to which we are glad to caU

attention, thus summarises briefly the advantage; which would be

derived from the system of submitting marine engines to dyna-

mometric trial. It is certain that a very large but unmeasured

amount of power is wasted, in friction and otherwise, between

the cylinders and the propeller ; and that the amount probably

differs, both in respect of difference in type of engine and in

respect of goodness of construction and workmanship. The

chief difficulties which thus arise are as follows :—

(i) The speed attained by a given ship, driven by a given

indicated horse-power, fails to measure discriminatively

the merits of the ship.

(2) No means exist of testint; which type of engine delivers

the largest proportion of the power which it indicates.

(3) No test exists by which to measure concisely the specific

constructional merit of this or that engine, or to deter-

mine the relative constructional merit of the engines

supplied by different firms.

The dynamometric test would remove at once each of these

difficulties, by substituting a final and real test for a collateral

and to a large extent a delusive one. For to rely exclusively

on the test furnished by the indicator is almost equivalent to

testing the power of a horse solely by the quantity of food he

consumes and digests, or the efficiency of a boiler solely by the

quantity of coal per hour it will legitimately consume on its

firebars.

actuating bevel gear

Table of Reference Letters used in Diagrams and Drawings.

A. .Screw shaft.

B. Turbine.
C. Casing.
D. Diaptiragms.

E. Sliding regulating shutters.

F. Screws for moving E, governed by telescopic

controlled from ship's deck.

G. Lever for holding casing.

H. Links connecting G with dynamometric apparatus.

K. Knife-edged gimbal for carrying strain of tl to spruig.

L. Framed radius for guiding K and eliminating oblique strains,

M. Dynamometer spring.

N. Suspension links carrying the ends of M.
O. Feeler conveying elastic motion of M.
P. Telescopic rod taking rotation of screw shaft by bevel gear :

nicating it to integrating apparatus.

Q. Motion axis of mtegrating apparatus governed by O.

R. Automatic integrator.

S. Bell crank for magnifying motion of O and conveying it to paper

cylinder.

T. Paper cylinder recording magnified motion of O.

The graphic integration o{ the record given by T is comparable with the

automatic integration given by R.

U. Shed covering integrating apparatus.

V. Strong balk brackets upholding U.

THE COMMISSION OF THE FRENCH ACA-
DEMY AND THE PASTEUR- BASTIAN
EXPERIMENTS

IN further reply to a communication of mine to the Academy
of Sciences of Paris on July 10, 1S76, and as his latest con-

tribution to a controversy which grew out of it, M. Pasteur, at

the seance of January 29, 1877, threw down a very definite

challenge.

The discussion was raised according to M. Pasteur by my
statement, "that a solution of boiled potash caused bacteria to

appear in sterile urine at 50° C, after it had been added to the

latter in quantity tufficient for exact neutralisation," and he then

said :
" I defy Dr. Bastian to obtain, in the presence of com-

petent judges, the result to which I have referred with sterile

urine, on the sole condition that the solution of potash which he

employs be pure, i.e., made with pure water and pure potash,

both free from organic matter. If Dr. Bastian wishes to use a

solution of impure potash I freely authorise him to take any in

the English or any other Pharmacopceia, being diluted or con-

centrated, on the sole condition that that solution shall be raised

beforehand to \10"Jor twenty minutes, or to \yf for five inmiites.

This is clear enough, it seems to me, and Dr. Bastian will

understand me this time."

At the seance of February 12 my reply was read. The
essential part of it was as follows :—" During the last week I

have repeated my experiments several times, and with a degree

of precaution going much beyond the severity of the conditions

prescribed by M. Pasteur. ... I repeated them at first with

liquor potassa: which had been previously raised to 1 10" C. for

sixty minutes, and alterwards with liquor potassje which had

been raised, in the same manner, to no" C.for twenty hours.

The results have been altogether similar to those produced upon

sterile urine by liquor potassae which has been raised only to

100°, when added m suitable quantity ; that is to say, in twenty-

four to forty-eight hours the urine was in full fermentation and

swarmed with bacteria."

After the reading of this reply, M. Pasteur asked the Academy

to appoint a Commission to report upon the subject in dispute,

and at the next meeting of the Academy (February 19) it was

announced that "MM. Dumas, Milne Edwards, Boussingault

sont designes pour constituer la Commission qui sera appelee a

exprimer une" opinion sur le fait qui est en discussion entre

M. le Dr. Bastian et M. Pasteur."

The following correspondence then ensued :

—

20, Queen Anne Street, iV., February 21, 1S77

Dear Sir,—I was pleased to learn, from the Comptes Rendus,

yesterday, that the Academy had appomted you together with

MM. Milne Edwards and Boussingault to act as a Commission

to "express an opinion on the fact" now under discussion

between M. Pasteur and myself.

I can scarcely suppose that the Commission would deem it

expedient to express an opinion on this subject without having an

opportunity of seeing both M. Pasteur and myself perform our

respective experiments.

I write, therefore, to inform you that if a convenient time can

be arranged, I shall be very happy to come to Paris for three days



August 2, 1877] NA TURE 277

in order to perform my experiments before the Commission
which has been nominated by the Academy.

I should, moreover, feel much obliged if you will have the

goodness to inform me exactly what steps the Commission pro-

poses to take, and how the precise terms for formulating the

question of fact which is to be submitted to their consideration

are to be settled. It appears to me that these terms ought, in

the first place, to be agreed upon between M. Pasteur and
myself. Faithfully yours,

II. Charlton Bastian
Monsieur Dumas, le Secretaire perpetuel,

Academie des Sciences

No reply to this letter was received, though a translation of it

was published shortly afterwards in the Comptes Reiidus. The
first letter which subsequently came to hand on this subject was
the following :

—

Acadhnie cits Sciences, Paris, le 5 mai, 1877

Monsieur,—Je crains que la lettre que j'ai eu Thonneur de

vous adresser il y a trois semaines ne vous soit pas parvenue, et

je prends la liberte de vous faire savoir de nouveau que la Com-
mission chargee par I'Academie des Sciences de prendre con-

naissance de vos experiences est preie a vous recevoir. Ella a

deja demande a M. Pasteur d'operer sous ses yeux.

Puisque vous avez accepte de venir .i Paris, tout est prepare

pour vous recevoir et des vutre arrivee, si vous voulez bien m'en
informer, le laboratoire de I'Ecole Normale, ou tout autre, seront

mis a votre disposition.

Agreez, Monsieur, I'assurance des mes sentiments les plus

distingues, J. B. DuMAS
Paris, rue St. Dominique, 69

20, Queen Anne Street, IV., London, May S, 1877

Dear Sir,—On February 27 I had the honour of informing

you that I was willing to come to Paris to perform some experi-

ments before the Commission appointed by the Academy, if a

convenient time could be arranged. I asked also to be informed

as to the steps the Commission proposed to take, and how the

precise question submitted to them for report was to be agreed

upon.
I anxiously awaited a reply to this letter for some time, but

none came.
This morning I had the honour of receiving a letter from you,

bearing the date of May 5, which was reposted to me from a

wrong address, viz., 81, Avenue Road, Regent's Park. Therein
you state that you had written to me three weeks previously. I

shall be glad if you will be good enough to inform me to what
address this first letter was sent, as it has not yet come to hand ;

and I find, on inquiry, that it has not been delivered at 81,

Avenue Road, wheie I resided two years ago. On receipt of

this information I will make further inquiries at the General
Post Office.

The letters which I have had the honour of addressing to you
concerning my communications to the Academy have always
borne the address which stands at the head of this sheet.

Three weeks ago, if the arrangements made by the Commis-
sion had been satisfactory, I could have gone to Paris without
much inconvenience ; now, however, my engagements, both
public and private, will not permit me to leave London, and I

fear it may be impossible for me to go to Palis till about the

third week in July, when our medical session will terminate.

Meanwhile I trust to be able to recover your first letter, and
I hope to be fully informed, not only as to the precise question

on which the Commission is to report, but as to the mode in

which the Commission will conduct the inquiry. I am still

anxious, in fact, to receive that information for which I asked
in my letter of February 27.

Believe me, dear Sir, faithfully yours.

Monsieur Dumas H. Charlton Bastian

18 mai, 1877, Paris

Monsieur,—Je me suis empressc de vous faire un duplicata

de la lettre que j'avais eu I'honneur de vous adresser au nom de
la Commission de I'Academie des Sciences, des qu'elle avail etc

delivree des soins de la seance publique tenue le 23 avril, et qui

ne vous etait pas parvenue.

J'ai vu M. Pasteur. II se tient a votre disposition pour le

15 juillet, epoque a laquelle vous seriez libre de venir a Paris.

M. Lockjer, qui a passe quelque jours ici, s'est charge de vous

dire combien nous desirous voir avec vous vos experiences et avec
quelle entiere liberie d'esprit elles seront appteciees.

Agreez, Monsieur, i'assurance de ma consideration la plus
distinguee,

J. B . Dumas
rue St. Dominique, 69

Academie des Sciences, Paris, le 25 avril, 1877
Duplicata.—Le Secretaire perpetuel de I'Academie a Monsieur
le Docteur Charlton Bastian, 20, Queen Anne Street, a Londres
Monsieur,—La Commi-ssion nommee par I'Academie des

Sciences pour examiner le dissentiment qui s'est eleve entre M.
Pasteur et vous a consacie plusieurs seances a suivre les expe-
riences de M. Pasteur. EUe est done en mesure de s'occuper
des votres.

Puisque vous avez offert de venir les repeter devant elle a
Paris, elle se met a votre disposition, et elle vous offre le

laboratoire qu'il vous plaira de designer pour les accompUr.
Vous choisirez vous-meme, apres les avoir visiles, celui qui vous
conviendra le mieux. M. Pasteur vous prie de considerer le

sien comme tout a vos ordres.

La Commission, avant d'engager tout examen de la question,
a pense qu'il convenait d'abord de voir les experiences memes,
rc-alisees en liberte par leurs auteurs. S'il y a lieu d'ouvrir plus
tard entre elles une comparaison contradictoire, elle en deter-

minera les conditions, en vue de donner, a son opinion, une base
certaine.

Le premier element de I'enquete a laquelle vous avez souscrit,

M. Pasteur et vous, devait consister, en effet, a donner a chacun
de vous I'occasion de produire les faits sur lesquels vos opinions
resjjectives se fondent.

Agreez, Monsieur, I'assurance de mes sentiments les plus
distingues. J. B. Dumas

20, Queen Anne Street, IV., lilay 24, 1877
Dear Sir,—I have the honour to acknowledge the receipt of

the duplicate of the missing letter, bearing date April 25, and
also your note of May 18, the assurances in which were very
gratifying to me.

\'our official letter of April 25 contains some information
in regard to the conduct of the inquiry by the Commission,
which I have been for some time desirous of obtaining. In
respect to these proposed proceedings I may perhaps now be
permitted to make some observations, in order, as far as possible,

to avoid the chance of any misunderstanding between M. Pasteur
and myself and the Commission, during the progress of the
inquiry.

1 am anxious, in fact, to define (i) what I understand to be
the object of the Commission, and (2) to explain to what extent
I am prepared to submit to its judgment. I desire to do this in

order that I may have the honour of learning from you whether
I am correct in this understanding, and whether my submission

to the extent to be specified is all that the Commission will

expect from me.
I. I gather from the Comptes Rendus of February ig, that the

Commission has been appointed that it may "express an opinion
upon the fact " under discussion between M. Pasteur and
myself; and the fact in question seems to me to be this :

—

Whether preziotislv boiled urine, protectedfrojn contamination, can
or cannot be made to ferment a7id swarm with certain ornanisms by

the addition ofsome quantity of hquor potasses which has been heated

to 110° C.,for t-wenty minutes at least. M. Pasteur asserts that

he has not seen fermentation occur under these conditions, whilst

I assert that I have ; so that the point of principal importance
would seem to be to ascertain whether such positive results can
be reproduced before the Commission. I learn, therefore, with
much satisfaction, that the Commission will allow to each of us

the opportunity of reproducing before it the facts upon which we
found our respective opinions. This, indeed, I regard as an
essential condition of the inquiry.

2 If the Commission proposes to limit itself to reporting upon
this mere question of fact I will freely submit to its decision. If,

however, it does not propose thus to restrict itself, and is empowered
to express an opinion upon the interpretation of the fact attested,

and on its bearings upon the "Germ Theory of Fermentation,"
or " Spontaneous Generation," then I must respectfully decline

to take } art in this wider inquiry.

I leel compelled to adopt this decided position because my
stay in Paris must be limited to three or four days ; and if any
other questions beyond that above specified were subsequently
raised by the Commission demanding the performance ol some
new experiments, either by M. Pasteur or myself or by both of

us, the inquiry, instead of being limited to a few days, might be

prolonged indefinitely.
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I desire, therefore, to obtain tlie assurance of the Commission
that no new experiments shall be demanded from either of us, except

with the full concurrence of both M. Pasteur and myself. Under
these circumstances I iviU undertake, so far as it lies in my power,

10 be in Paris by tlie 14th of next July, in order to place myself

at the disposal of the Commission.
Believe me, dear Sir, faithfully yours,

Monsieur Dumas H. Charlton Bastian

20, Quf.n Anne Street, IV., Jttne2\, 1877.

Dkar Sik,—One montli ago (May 24) I had the honour of

writing to you to ask for some official information as to the

precise scope of the inquiry to be made by the Commission
appointed by the Academy of Sciences, before whom I have

been invited to appear. To this letter I have as yet received

no reply, so that I do not even know whether it has been

received.

I have made arrangements which will enable me to go to

Paris and perform my experiments before the Commission at

the time named in your letter of May 18, namely, about July 15,

but naturally btfore taking part in any arbitration I desire to

receive sunne official intimation as to the exact terms and scope

of the question which has been submitted to the arbitrators. I

know not whether the few lines which I saw in the Coinptes

Rendiis of February 19 announcing the nomination of the Com-
mission, contain also the only Instructions which have been

given to it, or whether any other and fuller instructions exist.

No information has been communicated to me and I am, unfor-

tunately, not acquainted with the custom of the Academy in

regard to commissions of this kind.

Craving the favour of an early reply,

Believe me, dear Sir, faithfully yours.

Monsieur Dumas II. Charlton Bastian

Monsieur,—II est parfaitement entendu que la Commission
de I'Academie des Sciences sera le 15 juiUet a voire disposition.

II eat cgalement qu'elle desire, si c'est possible, n'avoir a

s'occuper que de I'experience de M. Pasteur et de la votre, au

sujet de I'urine traitee par la potasse.

Vous n'avez done aucun motif de craindre qu'elle ait besoin

de vous demander un sejour prolonge.

VeuUlez agreez. Monsieur, I'assurance de ma consideration la

plus distinguee. J. B. Dumas
r. St. Dominique, 69

20, Queen Anne Street, W., July 6, 1877
Dear Sir,—I beg to acknowledge the receipt of a letter Irom

you which came to hand on June 29.

I do not find in it any distinct acceptance of the conditions

mentioned in my letter of May 24, as those upon which alone I

should be prepared to repeat my experiments before the Com-
mission, viz., (i) the limitation of the report to the question of

fact mentioned, (2) the assurance that no new experiments shall

be demanded Irom either of us except with the lull concurrence

o both M. Pasteur and myself.

I might infer from your silence that no objection is raised to

these restrictions, but before leaving for Paris I must receive

your definite assurance that this is so.

Not being thoroughly proficient in the French language I

presume the Commission will permit me to avail myself ot the

services of some French friend as an interpreter. I also trust

that the Commission will provide for the taking of shorthand

notes of any discussion during the progress of the investigation

of which the Commission, M. Pasteur, or myselt may desire to

have a record.

On the receipt of a favourable reply you may expect me to be
in Paris on Saturday morning, the 14th inst., otherwise I shall

be most reluctantly compelled to decline to participate in the

inquiry. Believe me, dear Sir, faithfully yours.

Monsieur Dumas II. Charlton Bastian

Paris, 12 juillet, 1877
MoNSlEtJR,—La Commission de I'Academie des Sciences sera

des le 15 a votre disposition.

EUe est prcte a vous entendre ; mais elle desire, comme vous,

gue son examen soit borjie au point en discussion entre vous et M.
Pasteur. Ce serait seulement au cas oil vous desirerjez alter

plus loin qu'elle aurait a examiner si le temps lui permet d'entre-

prendre davantage, votre sejour ctant tres court.

M. Edwards, menibre de la Commission, psrle tres bien
I'anglais.

Des vutre arrivee vous auriez la bonte de m'en informer, rue

St, Dominique, 6g.

Agreez, Monsieur, I'assurance de ma consideration la plus
distinguee.

J. B. Dumas
Having received this acceptance of the limitations which I

had specified, I left London for Paris on July 13.

On the afternoon of July 15, I met the Commission by
arrangement at the laboratory of M. Pasteur, at the Ecole
Normale Superieure. The Commission was represented by
MM. Dumas and Milne Edwards, M. Boussingault having
been compelled to withdraw on account of a recent domestic
aflliction.

The fiist stage of our discussion was the announcement to me
by M. Milne Edwards of his objection to the second condition
mentioned in my letter of July 6, and of his determination to

take no part in the inquiry if I still adhered to this condition.
M. Dumas' letter of July 12, in the name of the Commission,
and on the faith of which I had come to Paris, was thus at once
set aside.

i\I. Milne Edwards contended that he could not take part in

any Academy Commission which had not full power to vary the
experiments at discretion ; whilst I, on the other hand, contended
that my stay in Paris must, as I had said from the first, be
limited to a few days, and tliat I could not see my way, therefore,

to consent to the initiation of new experimental conditions. I

further urged that the Commission had been appointed to report

upon a simiile question of fact, that M. Pasteur had challenged
me to obtain certain results, before " competent judges, "that I had
come to Paris to repeat certain well-defined experiments before

them, and that they were commissioned to express an opinion
thereon and on the experiments of M. Pasteur to the Academy
of Sciences.

A very long discussion ensued, but no satisfactory conclusion
was arrived at. In the evening I wrote the following note to

M. Dumas ;

—

Grand Hotel St. James, Paris, July 15, 1877

Dear Monsieur Dumas,—After our conference this after-

noon I had a long conversation with M. Pasteur, and am going to

his laboratory early to-morrow morning, to sliow him the mode in

which I make my experiments. I shall thus be enabled to learn

what precise alterations he would desire in order that the

experiments may be conducted in a manner satisfactory to

himself.

Afterwards I trust it may be more possible for me to meet the

wishes of the Commission in regard to the inquiry, and I hope
you will tlierefore be able to make it convenient to see me for a
few minutes at your own house to-morrow at 1.30 p.m.

If you are able to do this, pray do not take the trouble to

answer this note. Should it not be convenient to you, perhaps
you will kindly send a few words to me to the care of Professor

Wiirtz, upon whom I am to call about noon.

,
Believe me, dear Sir, faithfully yours,

A Monsieur Dumas H. Charlton Bastian

At my interview with M. Dumas on Monday, July 16, I

proposed a kind of compromise. The proposition was that on
the present occasion we should have " the first element " of the

inquiry as defined by M. Dumas in his letter of April 25 ; viz.,

that the opportunity should be given to M. Pasteur and myself of
repeating (without variation) the actual experiments upon which
we based our respective opinions ; that I should then return to

London, and after the Commission had expressed its opinion to

M. Pasteur and to myself as to any variations in the experimental

conditions which they might desire to Institute, that I should

return to Paris to witness and to perform such modified experi-

ments.

The names of MM. Fremy, Trccul, Robin, and Wiirtz had
been mentioned as persons one or other of whom I should like

.to see placed on the Commission in succession to M. Boussingault.

But at the meeting of the Academy that afternoon it was
announced that M. van Tieghem hnd been nominated to succeed

M. Boussingault. This gentleman being a former pupil and
present colleague of M. Pasteur, the Commission was left with-

out a single member who could be considered as representing

my views, or even as holding a neutral position between me and
my scientific opponent.

The next day I received the following note from M. van
Tieghem :

—

Paris, l"] juillet, 1877

Monsieur le Docteur,—La Commission de I'Academie se

reunira detnain, mereredi, a huit heures du matin au laboratoire de
M. Pasteur a I'Ecole Normale. Je viens, en son nom, vous prier
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de vouloir bien vous y trouver pour proceder a la mise en train

des experiences en litige.

Veuillez agreez, Monsieur, I'expression de mes sentiments les

plus distingues. Ph. van Tieghem,
Membre de la Commission

I made all the necessary arrangements that [afternoon in M.
Pasteur's laboratory for the performance of my experiments, and
the next morning at eight o'clock M. Pasieur and I were at the

appointed place. M. van Tieghem was also there, and shortly

afterwards M. Milne Edwards arrived. He apparently had had
no communication with M. Dumas since the time of my inter-

view, and when told, in reply to a question of his, of the pro-

position which I bad made to M. Dumas, M. Milne Edwards very

hastily expressed his disapproval of it. and at once, without
listening further, left the laboratory. He was follo7;ed by M.
van Tieghem. I remained, and after one hour M. van Tieghem
returned. He informed me that, having waited in vain for the

arrival of M. Dumas, M. Milne Edwards had at length gone
away.

I remained in conversation with M. van Tieghem for nearly

an hour in an upp;r room of M. Pasteur's laboratory. When
we came down, much to my surprise, we learned from M.
Pasteur that M. Dumas had arrived, that he had been told of

the departure of M. Milne Edwards, and that he also had then

left, saying that the Commission was at an end—but without in

any way communicating either with his colleague, M. van
Tieghem, or with myself.

Thus began and ended the proceedings of this remarkable
Commission of the French Academy.
July 30 H. Charlton Bast ian

NOTES
From correspondence which we have'received, we gather, that

because we omitted to state in our leading article of last week the

fact that London is the only Univer-ity which treats science as a

necessary branch of education, that article has been thought

hostilej to the University of London. The fact in question is

of course well known and appreciated, but it did not seem to us

to be relevant. Our article had reference to the question of

Universities as against Examining Boards rather than to the

quality of the examinations. We heartily acknowledge the good

the London Examining Board has done, and the obligations

under which it has placed science and scientific men.

The Annual Conference of the Royal Archa;ologicaI Institute

of Great Britain and Ireland commences, on the 7th proximo, at

Hereford, for a week. The Bishop of Hereford is president.

An important resolution ^of the International Geodetic Con-

gress is now being carried out. The Montsouris observatory is being

connected by telegraphic observations with Bonn and Berlin in

Germany, and with Geneva and Ncufchatel in Switzerland. Two
astronomers from Berlin having arrived in Paris, and M. Loewy,

member of the French Academy of Sciences, with two assistants,

having arrived in Berlin from Paris, the work has been at once

proceeded with. The wires are freed a few hours every night

for obtaining comparisons. The connection with Geneva and

Neufchatel is executed, via Lyons, by Commander Perrier, of

the staff, and the operations have been continued to Marseilles

and Algiers. The comparison between the Montsouris and Paris

observatories will be a work of triangulation, the two establish-

ments being about a gun-shot from each other.

A NtJMEER of Abyssinians have arrived in Paris on their way
to London. They are encamped in the Acclimatisation Gardens

(Bois de Boulogne), with camels, elephants, osiriches, &c., and

olher animals destined to the London Zoological Gardens.

The heads and manners of the blacks have been scientifically

examined by Dr. Broca, and a report on them will be read at the

French Society for the Advancement of Science at Havre.

The Bureau of the French Association to meet in Havre on

the 23rd instant, consists of Prof. Broca, president ; M. Kuhl-

mann, vice-president ; M. Deherain, general secretary ; M. Perrier,

vice-secretary ; M. Masson, treasurer. Most of the French
railway companies give half-price tickets to persons going to the

Association. The hotel proprietors in Havre guarantee a certain

number of beds ; furnished apartments have also been largely

promised, and the berths in one of the Transatlantic Company's
steamers have been placed gratuitously at the disposal of

members.

An interesting account of the recent falling of a mountain in

Tarentaise, Savoy, causing disaster to two flourishing villages,

has been communicated to the Coioricr des Alpes, by AL Berard.

The phenomenon has been incorrectly reported as instantaneou?,

and the destructive effect complete, whereas the case is that of

a mountain which for twenty days, without cessation, has 1 een

dismembering itself and literally falling night and day, into the

valley below, filling it with piled-up blocks of stone, extinguish-

ing all sounds by its incessant thunder, and covering the distant

horison with a thick cloud of .yellowish dust. The entire

mass comprised in the slope forms a mutilated cone 200
metres broad at the top and 600 at the base (the slope

being about 50°) ; this is composed of blocks of hard schist

lying close together, but| no longer united ; and it is united

to the body of the [mountain only by a vertical mass 40
to 50 m. ; thick, which already is fissured and shaken.

Periods of repose occur lasting only a lew seconds or a minute at

most ; then the movement recommences, and continues about

500 hours. Blocks of 40 cubic metres become displaced with

no apparent cause, traverse the iSoom. of descent in thirty

seconds, leaping 400 or 500 m. at a time, and finally get dashed

to pieces in the bed of the torrent, or launch their shattered frag-

ments into the opposite forest, mowing down gigantic pines as if

they were so many thistles. One such block was seen to strike

a fine fir-tree before reaching the bridge between the villages ;

the tree was not simply broken or overthrown, but was crushed

to dust (volatilisS) ; trunk and branches disappeared in the air

like a burning match. Rocks are hurled together and broken

into fragments that are thrown across the valley like swallows in

a whirlwind ; then followjshowers of smaller fragments, and one

hears the whistling sound of thousands of pebbles as they pass.

M. Berard reached the'edge of the rock (2,460 m. high), on one

of the sides of the falling cone, and ventured along it, obtaining

a good view of the "terrifying" spectacle. He reaffirms his

conviction that the phenomenon is inexplicable by any of the

usual reasons that account for .Mpine disturbances, such as

penetration of water, or melting of snows, or inferior strata in

motion ; nor does the declivity of the slope explain it. His

hypothesis is that some geological force is at work, of which the

complex resultant acts obliquely to the axis of the mountain and

almost parallel to its sides.

According to M. Perrin, an eighth or a tenth portion of the

French army is incapable of doing good service, in consequence

of indistinct vision. M. Perrin formally proposes to remedy this

by the .adoption of spectacles. It is affirmed that spectacles are

useful, if not indispensable, to 47 per cent, of the officers coming
from the Ecole Polytechnique.

From the Annual Report of the Council of the Royal Society

of New South Wales, we gather that the membership at the

beginning of the session of 1S77 was 298, and that the Society

is in a generally flourishing state. A ^considerable access ot

activity has occurred since the establishment of sections (nine)

last year. The Council are hopeful of obtaining an annual

endowment from the Government.

For want of space the gigantic Giffai d captive balloon will not be

constructed, as was anticipated, in the Paris Exhibition, but special

ground will be granted as we announced a few months ago. The
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spot selected is the Carrousel interior yard. The large space

within the railings has been found sufficient, after special inspec-

tion by MM. Lefeul and Tetreau. The ministerial sanction is

expected daily. M. Giffard is continuing his experiments on the

production of hydrogen gas with continuous apparatus.

A BALLOON was sent up on Wednesday carrying an aeronaut, and

elicited an interesting fact of aerial physics. The ground current

was blowing gently from north-west, but higher up a south-west

current was met by the aeronaut. The balloon was carried at a

rate of 500 metres per minute to the north-east of Paris. In the

night 8 millimetres of rain fell, the upper current having

descended into contact with the ground.

A German Society for the Exploration of Palestine has

recently been started by Dr. Zimmermann, Gymnasial Rector

in Basle, along with Professors Kautzsch and Socin, of Tiibingen.

Several other savaiils have joined it. The first quarterly number

of the society's projected journal will appear shortly. The

annual contribution to the society (10 marks) entitles one to

receive the journal.

It is proposed in Stuttgart to erect a simple monument over

the grave of Th. v. Ileuglin, the well-known African traveller,

recently deceased. The committee, at whose head is Prince

Hermann of Saxe-Weimar, invite subscriptions.

The additions to the Zoological Society's Gardens during the

past week include a Bonnet Monkey {Ulacacas radiatus) from

India, presented by Mr. C. L. Norman ; three Chaplin Crows

(Corvits capellaniis) from Persia, presented by Dr. J. Huntley;

a West African Python (Python sdia] from West Africa, pre-

sented by Mr. Lionel Hart ; a Red River Hog {Potamochanis

fcniiillatiis) from West Africa, received in exchmge ; a Barbary

Ape (IMacacus inuiis) from North Africa, a Squirrel Monkey
(Saimaris schafo) from Guiana, deposited; a Military Maccaw
(Ara ntilitarU) from South America, purchased ; ten Amherst

pheasants
(
Thautnalea amherstur), three Temminck's Tragopans

{Ceriornis temminckii) bred in the Gardens.

SOCIETIES AND ACADEMIES
Paris

Academy of Sciences, July 23.—M. Peligot in the chair.

—

The following papers were read :—New researches on electro-

cnpillary plienomena, by M. Becquerel. One experiment is

this : into a cracked tube containing nitrate of silver solution

are introduced some very small fragments of carbon, and the tube
is put in a vessel holding monosulphuret of sodium. Here the

wall of the crack in contact with the inrer solution is the

negative pole of the electro-capillary couple, and that in contact

with the outer solution the positive. Not only does the negative
wall get covered with metallic silver, but the carbon fragments
are also coated in proportion to their nearness to the crack.

Each fragment acts like the crack. The action is like what
occurs in a metallic circuit composed of several conductors.

—

Fixation of nitrogen on organic matter and formation of ozone
under the influence of weak electric tensions, hy M. Eerthelot.

He has given up metallic armatures, introducing the gas
into an annular space between two vessels holding dilute

sulphuric acid solution, which were connected with the
battery poles. He mentions four reactions in which forma-
tion of ozone has thus been obtained. Again, to estimate

fixation of nitrogen, a glass cylinder (with spherical c?!otte),

internally covered with tin, externally half with water-moistened
Berzelius paper, half with syrupy solution of dextrine, w.is placed
on a lac-covered glass-plate and enclosed in a concentric glass

cylinder with outer coating of tin ; the tin armatures were con-
nected with five Leclanche elements during several months,
and fixation of nitrogen in paper and dextrine was demonstrated.
He shows the application of such facts.—On an experiment by
Dr. Bastian relating to urine neutralised by potash, by M. Pasteur.

He describes a form of Dr. Bastian's experiment he has per-

formed several times in presence of Academy members, and
never got bacteria ; the nature and treatment of the vessel is a
salient point.—Tertiary strata of Hungary (continued), by MM.
Hebert and Munier-Chalmas.—On the electric conductivity of
trees, by M. Du Moncel. After referring to the local currents

and currents of polarisation got on applying to each tree two
platinum electrodes 9 ctm. square, with an interval of 6'44 m.,
he gives a table of resistances for various species. The soft

woods with spongy tissue and vigorous vegetation, such as

elm (resistance 1,431 km.), chestnut (1,694), hme (1,988),
poplar (2,090), are the best conductors. Among hard
woods with slow vegetation, box had a resistance of

12,511 km. Birch (4,777) formed an exception.—Reply to M.
Cosson's observations on the Saharan Sea, by M. D'Abbadie.
M. de Lesseps corroborates M. D'Abbadie's arguments.—On
the ophitic phenomenon in the Pyrenees and the Haute-Garonne,
by M. Leymerie. Ophite proper and Iherzolite are two different

but concomitant facies of an eruptive phenomenon characteristic

of the Pyrenees, which may, as a whole, be termed ofhitic. It

is only met with in the lower part of slopes.—Reply to M.
Naudin's observations on the interior sea of Sahara, by M.
Roudaire.—On the degree of efficacy of sulphide of carbon as a
means of destruction of phylloxera, by M. Boiteau.—On the
grape-disease of the Narbonnese vineyards, by M. Cornu.—On
the Doryphora of potatoes, by M. Girard. He thinks sulpho-

carbonate of potash would be useful against it ; also that the

fear of the beetle is exaggerated. Another chrysomelian
(ColaspiJema atruni), which attacks lucern in France, is very
like the Colorado beetle in its ways, and it is successfully resisted.

—On curves having the same principal normals, and on the surface

formed by these normals, by M. Mannheim.—On the extension to

space of two laws relative to plane curves, given by M. Chasles, by
M. Fouret.—Influence of heat on magnetisation, by M. Gaugain.
Certain magnetic bars of Sheffield steel heated .and let cool are

found at last to have changed in the sign of their magnetism.

—

On the magnetisation of circular plates where the isodynamic
lines are concentric circumferences, by M. Duter.—On the elec-

trolysis of sulphurois acid, by M. Gueront. This substance is

decomposed like a salt.—Note on the determination of manganese,
nickel, zinc, and lead, by M. Riche.—On the density of vapour
of sulphhydrates of ammonia, by M. Horstmann.—On the nature

of gases contained in the tissues of fniits, by M. Livache. He
applied M. Schlcosing's analytic method ,of immersion in ether

(without lesion of tissue). In the tissues of healthy fruit the

gases are a mixture of nitrogen and oxygen in the proportions

found in air.—On the products of fermentation of the mud of

Paris, by M. Maumene.—On the fecundation of the star-fish and
sea-urchin, by M. Fol.—On the anatomy and the migrations of

oxyurides, parasites of insects of the genus Blatta, by M. Ghaleb.
—Influence of the sun and moon on magnetic and barometric
variations, by M. Broun.—Some observations on the trajectory

of hail during thunderstorms, by M. Ziegler. A hailstone cannot
(he considers) attain a great weight except through a long course

in dense air in the lower regions of the atmosphere, and he cites

cases to prove that the trajectory of large hailstones forms a very

acute angle with the ground.
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ELECTRICITY IN WAR

THE important role played by electricity in modern

warfare affords an excellent example of the influence

which science has of late exerted in naval and military

affairs. It is no isolated example of scientific warfare

that we have here to deal with, for the electric fluid has in

a great measure changed our whole practice of war, and

bids fair to revolutionise it still more in the future. Every

soldier or sailor^ if he desires to make his mark, must be

something of an electrician, for there seems to be no limit

to the useful applications of the galvanic spark in battle.

Broadly, we may divide these applications under three

heads ; namely, the employment of electricity for sig-

nalling, for the explosion of charges, and lastly, for illumi-

nation, both for the purposes of attack or defence, it

being a difficult matter to decide in which connection the

electric spark fulfils the most important duty.

To begin with the telegraph. All will agree that it is well-

nigh impossible to overrate the advantages which this

rapid means of communication gives to the general,

in these days, when the line of battle sometimes extends

for a dozen miles. Let the commander occupy the most

central position, a long time must elapse before his aides-

de-camp can communicate with one wing or the other.

Assisted by the electric telegraph, however, the general is

as close to his subordinates as if he were within shouting

distance. Even a brigade of horse artillery, or a cavalry

division advancing at a gallop, can carry its telegraph

equipment with it, the operators accompanying a flying

column of this nature with but very little difficulty. The
wire drums are started off at a gallop, the cable being

unwound as the carts proceed, and a sergeant on horse-

back with a " sounder " to his ear, in connection with one

end of I he wire, receives the general's commands as soon

almost as they are spoken. The movement counter-

manded or a retreat ordered, the cable is again wound up

as readily as it was laid down, and the telegraphers make
good their return with the rest of the troops. Where
ordinary movements are executed, use is of course made
of the telegraph wagon, a comfortable little office on

wheels, furnished with all things necessary for the receipt

and despatch of messages, but this convenience is natu-

rally out of place where a rapid change of front, or some

speedy flank movement has to be executed.

Coming next to the explosion of charges by means of

the electric spark, we enter upon a phase of war-science

which bids fair to grow to infinite proportions. Both

Franklin and Priestley suggested the employment of

electricity in this connection more than a hundred years

ago, but it is very recently indeed that we have been in a

position to make proper use of this valuable agent as a

means of firing charges at a distance. In fact, at the

present moment we have by no means exhausted research

in this direction, and we find scientific soldiers and

sailors still at variance with one another as to the best

plan of using the electric current for firing purposes.

One of the first applications made of the subtle fluid was

in the removal of the wreck of the Royal George, at Spit-

head, nearly fifty years ago, when the explosion of the

Vol. XVI.—No. 406

charges was brought about by what is termed a'wire-fuse,

or in other words a short piece of platinum thread

stretched between two copper wires. The platinum

bridge having less conducting power than the copper

wires, presents a considerable amount of resistance to any

current of electricity that passes, and, in doing this,

becomes so heated, as to be capable of igniting any
particles of gunpowder in contact with it. A wire-fuse of

this description has simply to be placed in the middle of a
charge, and if then a current of electricity is passed from

a battery along the wire in connection with the fuse,

instantaneous ignition is the result. This simple method
of firing charges under water was a vast improvement

over the old one in use by our engineers, which consisted

in leading up a metal pipe from the charge to the surface

of the water ; the outlet of the pipe was placed as far as

possible from the charge beneath the water, and then a
ladle full of red hot shot was emptied down it, and so

reached the gunpowder below, which thereupon exploded

if the iron fragments had not become too cool in transit.

But for many purposes the wire-fuse is ill-adapted to the

military and naval services. A voltaic battery is neces-

sary to evolve the low-tension electricity required to yield

sufficient resistance and heat, and such a battery made up

of metal plates, and involving the use of acids, is an
awkward apparatus to carry in the field. Already in 1853,

this fact seems to have occurred to a Spanish officer. Col.

Verdu, who determined to see what could be done in the

way of exploding gunpowder by a spark, or in other words,

by high tension electricity. Aided by a Ruhmkorff coil

he succeeded in firing half-a-dozen charges simultaneously,

and although the discharge was sometimes a matter of

considerable uncertainty, to Verdu certainly belongs the

credit of having been the first soldier to apply electricity

in this way to the firing of one or more mines. Wheat-
stone and Abel followed in Verdu's footsteps, and while

the former directed his attention to the construction of a

frictional apparatus of a portable nature, which should be

suitable for military use, the latter busied himself in the

preparation of a fuse inclosing a compound more deli-

cately explosive than gunpowder, a fuse, by the way,

which still retains an important place among our warlike

stores.

It was in the China war of i S60 that we first find an
electric firing apparatus forming part of an army equip-

ment. In thir. case the outfit was of a somewhat clumsy

nature. A conveyance, in shape and size much resem-

bling a baker's barrow, contained a monster horse-shoe

magnet, and it was the sudden disruption of its armature

from this magnet which generated the spark to fire the

fuse. A few years afterwards, this ponderous convtyance

gave place to a neat little mahogany box about a foot

cube, which contained half a dozen small but powerful

magnets, in the field of which the armatures were made to

revolve with exceeding celerity ; and it is by means of

such an apparatus that to day we are enabled to fire a

score of charges at a time, the wires branching off from

the instrument to a distance of a hundred yards or more.

But, nevertheless, we have yet to devise, it seems, an

efficient exploding apparatus capable of igniting both low

and high tension electric fuses.

As everybody knows, it is by reason of electricity being

employed to fire explosive charges that torpedo warfare has
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of late attained to so important a position. In the White-

head, or fish-torpedo, the electric fluid, it is true, plays no

part, but this is the only notable exception. In the floating

torpedo, the moored torpedo, and the spar-torpedo, elec-

tricity is the life and soul ; at one moment the machine is

but a floating buoy or sunken impediment, the next it is

transformed into a terrible volcano. A feeble current of

electricity flashing along the wire, has on the instant

sufficed to bring about the fatal change.

Passing from torpedo warfare and the recent attempts

that have been made to turn electricity to account in

the construction of self-steering launches, we come to

a scarcely less important matter, that of firing guns

by the electric spark. Not only are guns at proof and
those under experiment so ignited, but on board the

modern ironclad it is the custom now-a-days to fire

broadsides in this wise also. By leading wires from every

gun to one point, which is specially adapted for observa-

tion, the double advantage is secured of bringing about

the firing at the most opportune moment, and of securing

a simultaneous discharge. Some experiments made in

Germany have proved beyond doubt that an armour plate

struck instantaneously in this way by several shot, may be

effectively broken up, whereas the ordinary broadside fire,

brought about by gunners at word ofcommand is incapable

of doing so. The wires may be led into an observing tower,

or half way up the mainmast if need be, and here the

firing officer can calmly consort his measures undisturbed

by the smoke, and noise, and bustle going on below him.

He is provided with proper sights, and the guns being

laid in accordance with his orders, he can watch the oppor-

tunity for firing as well as if he had his eye to the weapons
themselves.

Finally, we have the use of the electric light in warfare.

It is the most recent application of all of this wonderful

agent, and we should hesitate to say how extensive may
hereafter be the employment of electricity in this connec-

tion. In the Franco-Gemian war, the first use of this

powerful source of illumination was made by the French
engineers, and from the forts around Paris the electric

rays were made to sweep in all directions, to watch for

hostile troops engaged in the operation of mining. Bodies

of soldiers upwards of a mile distant could be plainly seen

by the vivid light of the electric lamp, and working
parties were frequently compelled to abandon their object

in the presence of this powerful detector. As a means of

discovering the approach of torpedo launches at night,

the electric light will obviously be of value, and already a
trial of it has been made in several of Her Majesty's

ships. The Alexandra, the flagship of the Mediterranean

fleet, is provided with an electric lamp, worked by one of

Wilde's powerful machines, so that the efficiency of

the apparatus may be practically tested. Experiments,
however, have already shown what the electric rays

are capable of doing, and a low torpedo-launch cannot
approach within a thousand yards without detection,

while if painted of a neutral grey, so as the better to

escape observation by day, the vessel, it appears, is all

the more perceptible under electric illumination. Steamers,
we are told, are peculiarly liable to be detected by an
electric lamp, since the rays are reflected by the steam
and smoke as effectively as if the latter were a solid screen.

How valuable, too, the electric light on board ship must

prove for signalling purposes may be gathered from the

fact that the Dungeness light, which was the first one of

an electric nature constructed in this country, can be
seen on a clear night at a distance of thirty miles with all

the brilliancy of a star of the first magnitude.

H. Baden Pritchard

THE GEOLOGY OF THE VIENNA WATER
SUPPLY

Geologic dcr Kaiser Fyatiz-yosefs Hochqucllcn-Wasser-

leitiDig. Einc Studie in den Teriidr-Bildungen am
IVestrande des Alpmcn Thciles der N'iedeniii" von
Wicn. By Felix Karrer. (K.K. geolog. Reichsanstalt.

Vienna, 1877.)

THE publications of the Austrian Geological Institute

are deservedly noted for their number, their fulness,

and the beauty of their illustrations. Especially are the

large quarto memoirs published under the name of

Ahhandlungen remarkable in the latter respects. Con-

sisting usually of complete monographs, sometimes purely

palffiontological, but more often blending stratigraphy

with pateontology in a manner which is too seldom

resorted to in this country, these handsome volumes are

quite independent of, whilst they frequently illustrate, the

maps issued by the same authority.

The present work forms vol. ix. of this important series.

In many ways it is unlike its forerunners, but it resembles

them in its completeness and in the finished character of

its plates. Although eminently local in interest yet so

many points are touched upon—or rather fully discussed

—in Dr. Karrer's memoir that it appeals to the civil

engineer, the hydrologist, the archaeologist, and the

chemist in almost as great a degree as to the geologist

and the systematic palaeontologist.

This great closely-printed book of more than four

hundred pages, with its numerous tables and large folding

plates, is strictly what its title implies, viz., an account of

the geology exposed by the engineering works recently

carried out in order to bring the waters of the Kaiser-

brunnen and Stixtenstein springs to Vienna, a distance of

some twelve Austrian or fifty-five English miles.

All the leading features of this section could probably

have been described and commented on with apparent

fulness in a short paper in the Verhandlungen of the

Institute, but the aim of the author has been to raise the

character of his memoir from that of a passing pamphlet

to that of a thoroughly exhaustive record of all the facts

— the seemingly unimportant as well as the obviously

valuable—which could be brought within the natural

limits of his subject. In this object he has perfectly suc-

ceeded, and the result is an orderly collection of minute

stratigraphical and other details such as, we believe, have

never before been brought together with reference to so

small an area.

From Kaiserbrunnen at the foot of the Schneeberg and

from Stixtenstein a little further north to the very streets

of the Capital, or, geologically speaking, from the triassic

heights of the Noric Alps to the drift and alluvium over-

lying the Tertiary beds of this Alpine portion of the Vienna

Basin, only those valleys across which the aqueduct

replaced the cutting and the tunnel were left unsearched

and unplotted by Dr. Karrer. Every bed, band, thinning.



August 9, 1877] NA TURE 283

thickening, fault, slip, or flexure cut through by the arti-

ficial channel was measured and noted by him, and all

these details are laid down on a true scale (except in one

unavoidable instance) in twelve carefully drawn and

coloured plates of sections. So far, however laborious,

the work done may be said to be more or less mechanical.

This is not the case with regard to the clear sketch-

sections or outline views which accompany the measured

lines. In these we have exhibited to us the relations in

which the rocks seen in the cuttings stand to those of the

surrounding country, and we perceive at once the eye

and hand of the field-geologist.

Since 1859 Dr. Felix Karrer's name has been constantly

before the scientific world as that of an active member
of Ritter von Hauer's brilliant geological staff. His

researches have lain principally among the beds of the

Vienna Basin and their fauna. In conjunction with

Theodor Fuchs his papers on these and allied subjects

have been both numerous and valuable ; but more par-

ticularly has Dr. Karrer devoted himself to the study of

the Foraminifera which these deposits yield in such abun-

dance, and now it may be said that he fitly succeeds to the

honourable place so long held by the late Dr. A. E. von

Reuss as one of the leading Rhizopodists in Central Europe.

Accordingly we find in the present work elaborate tabular

lists of the Foraminifera found in the borings and else-

where in the course of the engineering operations, and

no less than seventy-one forms figured and described as

new. With reference to these it will be sufficient to

observe that many of them are such as, according to

the views prevalent in England, would be scarcely held

to warrant specific distinction.

The Alpine Vienna Basin, the margin of which between

Gloggnitz and Vienna is the region where the geology

has been specially worked out, was, it seems, dry land

at the time when the Older Mediterranean Sea covered

the Basin beyond the Alps. Consequently the Younger

Mediterranean Series, its marine sands and gravels pass-

ing into grits and conglomerates with intercalated bands

of NuUipore limestone and marls, are the lowest of the

Tertiary deposits present here. To this series belongs

the famous " Leythakalk," about which so much has been

written. The fauna of these beds is closely allied to that

of the Adriatic of the present day, whilst some of its

species denote a somewhat warmer sea. Upon these

newer Mediterranean strata rest the Sarmatian beds,

in three divisions, the fossils of which allow us to infer

a great cooling of the sea accompanied by an invasion

of Asiatic cold-sea forms. This was followed by a period

of brackish and then of fresh water, which brings us to

the well-known Congeria beds, above which only two

more members of the Tertiaries occur, viz. : the Belvedere

beds and the purely local but highly-interesting freshwater

limestone of Eichkogel, near Modling, which formed the

subject of Dr. Karrer's first contribution to science.

It will be readily understood that the works entailed

by the construction of the watercourse promised un-

equalled opportunities for studying in detail the shore

facies of these various deposits, and comparing them with

the aspects they exhibit in other parts of the basin. That

these opportunities have not been lost this memoir affords

abundant proof.

From Stixtenstein and Kaiserbrunnen to Ternitz, where

the two head-channels meet to foim a single watercourse,

the rocks cut through are of much greater age. Here

we have carefully described by Dr. Karrer, although he

does not profess to do so as minutely as his more con-

genial tertiaries, micaschist and grau-wacke of uncertain

age, and, in disturbed order, the Wetterstein, Guttenstein,

and Werfen divisions of the Alpine trias. At Baden and
again at Modling, short spurs running like headlands into

the ancient Viennese sea, once more bring the uppermost

of these formations (the Wettersteinkalk) within the line

of section.

At the former of the two last-mentioned places is a

group of well-known thermal springs ranging from

ordinary temperatures to 95" F. Several pages of con-

siderable interest are taken up by the discussion by

Prof. Eduard Suess of a large series of observations

relative to these springs carried on by Prof. Jellinek.

Their topographical distribution is peculiar and is

strikingly shown on a map (Plate xiii.) by means of

isothermal lines, the intervals being of 1° Reaumur from

S' to 13°, then one of 3° from 13° to 16°, and lastly, one

from 16° to 28^: that is to say, the spaces between the

lines of the first series represent 1° each, then 3"^, and

lastly 12° Reaumur. This mode of deaUng with thermal

phenomena by means of contour-lines is new to us and
seems fruitful of good results. In the present instance

five distinct foci of greatest heat are well made out,

with several outlying ones attaining lesser degrees of

temperature.

The chemical composition not only of the hot springs,

but also of the various waters referred to throughout the

book, is given in numerous analyses by chemists of note.

The line of the watercourse runs more or less

parallel to the Southern Railway. In 1840, when the

latter was in course of construction, several discoveries of

prehistoric implements were made at Potschach, and else-

where. It is therefore not surprising that the new exca-

vations should have given rise to similar finds. Of these

the most important appears to be an old burial-ground of

the bronze age at Leobersdorf, a little to the south of

Baden. Here bronze rings, daggers, armlets, &c., were

found associated with fairly-preserved human remains.

The former are described by Baron von Sacken, the

Director of the Imperial Collection of Antiquities, whilst

full details respecting the latter are furnished in an anthro-

pological chapter by Friedrich Steller. Both are well

illustrated by coloured plates and woodcuts.

The question may perhaps be reasonably asked, why so

much labour and money have been expended on the

particular subject chosen. But when we remember the

losses that British geology has sustained by the neglect of

so many invaluable sections temporarily exposed in the

early canal and railway days and now covered up and

lost for ever, we may well regret that no devoted geologist

was there to preserve the minute records of the rocks

and their disturbances in as accurate and painstaking

a manner as Dr. Karrer has done in the case of

the Austrian V^atercourse. Given the opportunity of

issuing a report on so complete a scale—an opportunity

which we fear will never occur in England—no objection

can be made to his mode of setting forth his results. A
more condensed account would have been more readable,

and probably more acceptable to foreign geologists, but
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among the local investigators in the district to the south

of Vienna, which the author delights in caUing that

"sliickcht'H Erdrindc," the book must at once take rank as

a storehouse of actual facts never to be over appreciated.

The value of the memoir is much enhanced by the long

bibliographical list with which Dr. Karrer opens the

work, and which is brought up to date in the appendix.

This list contains the titles of 566 books and papers

relating to the region traversed by the Agiiedtict, and

arranged, as all such lists shojld be, in chronological

order. The first paper cited is one by Wolfgang

Anemarinus, on the Baden springs, and dates as far back

as 15 1 1.

From what we have said it will be seen that no labour

has been spared to render this report as perfect as it

could be made. One serious omission, however, must

be called attention to. There is no index. The late Sir

Roderick Murchison was wont to deplore that many of

the details contained in his "big books" remained un-

known and buried within them. But books like the

"Silurian System" are certain to be consulted, index or

no index. To publish a work so local in character, albeit

so complete in its execution as the one under review, as

Dr. Karrer has done, without a key to the endless facts

it contains, is deliberately to court non-recognition.

Before concluding we would note the excellent geo-

logical map of Vienna and its immediate neighbourhood,

by Th. Fuchs. This map was first issued in 1874, and is

conveniently reproduced in the present memoir.

G. A. Lrbour

A CENTURY OF DISCOVERY
The Discoveries of Prince Henry the Navigator, and
their Results ; being the Narrative of the Discovery by

Sea, within One Century, of more than Half the World.

By Richard Henry Major, F.S.A. Portraits, Maps,

&c. (London : Sampson Low and Co., 1877.)

Ceschichte des Zeitalters der Entdeckungen. Von Oscar

Peschel. Zweite Auflage. (Stuttgart : J. G. Cotta,

1877.)

THESE two works practically refer to the same period,

which nearly coincides with the fifteenth century,

and deal mainly with the same events. Mr. Major's work

centres round Prince Henry as the initiator of the re-

markable series of discoveries which were made during

the century referred to, while that of the late Oscar

Peschel deals with these events as forming a remarkable

era in geographical discovery, and is considerably more

detailed than the work of Mr. Major. Both works are

virtually second editions. In its present form Mr. Major's

is somewhat more popular than when first published, the

discussion of certain points interesting only to the student

having been omitted ; Peschel's work, first published

about twenty years ago, is practically unaltered. Both

works are valuable contributions to the history of one of

the most eventful centuries of our era ; Mr. Major's is a

worthy record of the life and work of a noble-minded

prince, while Peschel's is a standard authority on the

geographical work of the fifteenth century.

Prince Henry, aptly styled "the Navigator," was the

fifth child of King Joao L, of Portugal, and his Queen
Philippa, daughter of " old John of Gaunt, time-honoured

Lancaster," and was born in 1394. He was carefully trained

by his English mother, and after having distinguished

himself at Ceuta, took up his abode on the promontory

of Sagres in Algarve, of which kingdom he was made
governor in perpetuity. It was from here that during the

rest of his life he initiated and directed those discoveries

with which his name will be ever associated ; to Prince

Henry, there is no doubt, the rapid progress of geogra-

phical exploration during the fifteenth and sixteenth

centuries is mainly due. But not only in this way did he

encourage the advance of knowledge ; by providing pro-

fessorships, and in other ways, he did much to foster the

progress of science such as it was in his time ; his own
favourite subjects of study were astronomy and mathe-

matics.

It is with Africa that Prince Henry's name is chiefly

associated. Before commencing his great work of ex-

ploration he took every means in his power of ascertain-

ing all that was known about Africa, though that was not

much. Cape Blanco he knew, though vaguely, but all

the coast south of that was practically a blank. The in-

terior was known much farther southwards, and not a

few details of Timbuctoo had reached Europe by the

beginning of the fourteenth century. It does not seem to

be known whether Prince Henry had the means of

making himself acquainted with the work done by the

Phcenicians and Carthaginians ; the narrative of Hanno's

famous coasting voyage would have been a treasure to

him, but the likelihood is that he was totally ignorant of

the work accomplished by these pre-Christian explorers.

Nor is it likely that he had heard of the Norse discovery

of America, though he may have heard of the famous

voyages of the brothers Zeni ; if he had it does not seem
to have suggested to him the existence of a great con-

tinent far beyond the horizon which bounded his outlook

from Sagres. Prince Henry set about the work of African

exploration with intelligence, his clear object apparently

having been to trace the African coast to its southern-

most limit, and even discover by rounding it a practical

sea-route to India.

" Very few details are left us," Mr. Major writes, " of

the astronomical instruments used in the time of Prince

Henry. The altitude of a star was taken by the astro-

labe and the quadrant by means of an alidade, or ruled

index, having two holes pierced in its extremities, through

which the ray passed. The quadrant hung vertically

from a ring which was held in the hand. We do not

know how these instruments were graduated, but it is to

be presumed very roughly. The astrolabe, the compass,

timepieces, and charts, were employed by sailors in the

Mediterranean at the beginning of the fifteenth century.

It is quite certain that the needle was used at sea before

Prince Henry's time, for he himself speaks of it when
urging on one of his navigators to the rounding of Cape

Bojader." During the lifetime of Prince Henry the

African voyagers stuck closely to the coast, except when
by accident they were driven from it.

The Prince's enthusiasm and generosity drew to him
most of the adventurous spirits of his time, and thus it

was that after his settlement on Sagres scarcely a year

passed that he did not send out one or more expeditions

to carry on the great work which he had set himself to

accomplish. The first fruit of Prince Henry's enterprise



August 9, 1877] NATURE 285

was the finding of the islands of Porto Santo and

Madeira, in 1418-20, by two squires of his own house-

hold, who were driven thither by a storm off Cape St.

Vincent. Mr. Major has, however, proved satisfactorily,

we think, that the Madeira group were discovered about

the end of the previous century by an adventurous

Englishman named Robert Machin.

For long had Cape Bojader proved an obstacle which

the Portuguese sailors sent out by the Prince attempted

in vain to pass ; Cap Nun had been passed, but the in-

creasing violence of the waves that broke upon the

dangerous northern bank of Cape Bojader proved too

much for the cockle-shells in which Prince Henr/s ex-

plorers were hardy enough to risk their lives. It was

only in 1434 that Gil Eannes, a native of Lagos, managed

to pass this fancied terrible obstacle to progress, by

putting well out to sea. Next year another fifty leagues

were added to the stretch of coast discovered, and thus

year after year, league upon league was added, and

specimens of the people and products brought home, the

former to be Christianised and sent back to convert

their brethren. By the time of Prince Henry's death in

1460, the west coast of Africa had been explored under

his auspices as far south as the Rio Grande, the Canaries,

Cape Verde Islands, and Madeira discovered or redis-

covered, and a large amount of substantial information

obtained about the people, the products, and the country

far into the interior of Northern Africa.

Mr. Major justly designates Prince Henry the originator

of continuous modern discovery, for Portuguese enterprise

in this direction was not stopped by his death. It was
not, however, till 1471 that the equinoctial line was crossed

lor the first time within the memory of man, probably by
an explorer named Lopo Gonsalvez. The equator was
not much surpassed till Diego Cam set out in 1484 and
discovered the mouth of the Congo ; the celebrated Mar-
tin Behaim, the inventor of the application of the astro-

labe to navigation, was with Diego Cam in this eventful

voyage. In his next voyage Diego got as far south as

Cape Cross in 22° south latitude, where the cross he
planted is still to be seen in almost complete preservation.

In i486 Bartholomew Diaz was sent out by King Joao, of

Portugal, to carry out the discovery of the African" coast,

and, without knowing it, passed the southernmost part of

Africa and came to anchor in what is novv known as

Flesh Bay, near Guaritz river, to the east of Cape Agul-

has. He turned back after reaching the mouth of the

Great Fish river, and it was on this return voyage that he

discovered what he called Cape Tormentoso, but which Kini;

Joao on his return, "foreseeing the realisation of the long-

coveted passage to India," named Cape of Good Hope.
It was not till ten years after this that a practical test was
made of the utility of this passage to India. Vasco da

Gama left Lisbon with four vessels, the largest not ex-

ceeding 120 tons, in July, 1497, and coasted south the west

coast, and north the east coast of Africa, as far as Melinda,

to the north of Mombassa, which was reached in April of

the following year. On April 20, 1498, he sailed for

Calicut, before which he anchored on May 20, thus dis-

covering the famous " Cape route" to India.

Such are a few of the results which are directly or

indirectly due to the far-seeing enterprise and noble-

mindedness of Prince Henry the navigator. But these are

not all. But for his initiative in the beginning of the

century, it is doubtful if America would have been dis-

covered at the end of it, and had Prince Henry been alive

when Columbus began his memorable agitation, that

greatest of explorers would doubtless have been saved much
humiliation and misery. Magellan's circumnavigations

fall also within this most eventful of eras, and not far

beyond it, Mr. Major has proved, the discovery of Aus-

tralia. "The coasts of Africa visited, the Cape of Good
Hope rounded, the New World disclosed, the sea-way to

India, the Moluccas, and China laid open, the globe cir-

cumnavigated, and Australia discovered within one cen-

tury of continuous and connected exploration," begun and

to a great extent carried out by the prince the story of

whose life Mr. Major has told so well. We can only again

commend his work and that of Peschel to our readers

as not only full of interest but of much valuable informa-

tion.

OUR BOOK SHELb
Chemical Handicraft. A Classified and Descriptive Cata-

logue of Chemical Apparatus suitable for the perform-

ance of Class Experiments, Research, and Chemical
Testing. Second Edition. By J. J. Griffin, F.C.S.

(Published by the Author, Garrick Street.)

Mr. Griffin, the well-known manufacturer of scientific

apparatus, earned the thanks of all students of science

in this country by the publication of his first catalogue,

now some eleven years ago, when the condition of things

was much less far advanced than it is now. He has

earned still greater thanks for his last edition, which is

much more complete, more copiously illustrated, and
more carefully brought up to the present needs of the

student and the present possibilities of the maker. Those
who noticed the many collections of such apparatus at

South Kensington, last year, among which was one sent

m by the Messrs. Griffin, cannot have failed to have been
struck by the complication of the apparatus now required

for chemical researches, and the skill, both in glass and
brass, required to produce them. Mr. Griffin is evidently

doing his best to uphold English manufactures against

his continental rivals, and we wish him and his book
every success. As the madman said of the dictionary,

it is not light reading, and the plot is feeble ; but, never-

theless, the book will be of use in every laboratory.

LETTERS TO THE EDITOR
{The Editor does not hold himself responsible for opinions expressed

by his correspondents. Neither can he undertaJit to return,

or to correipond with the -writers of, rejected manuscripts.

No notice is taken of anonymous communuatiotis.

The Editor urgently requests correspondents to keep their letters as

short as possible. The pressure on his space is so great that it

is impossible otherwise to ensure the appearance even of com-

jnunicatiotu containing interesting and novel facts. ]

The Cretaceous Flora of America

I AM extremely obliged to Dr. Newberry for pointing out

in a very kind manner what is the actual state of our

knowledge at the present time respecting the American cretaceous

beds. Never having travelled in America, nor having had the

honour of conversing with any of the American savants who
have invastigated the remains in these beds, I am scarcely in a

position to discuss with them the value of the evidence on which

they have been considered cretaceous. 1 have, however, endea-

voured to make myself acquainted with the literature of the

subject, and had read most of the works mentioned by Prof.

Newberry in his letter to Nature. I in no way dispute that

dicotyledonous leaves have or may be found in cretaceous strata.
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but have, on the contrary, endeavoured partiallyto account for their

absence in British cretaceous rocks. The age of the supposed

American cretaceous beds appear to me, however, to be deter-

mined principally from the presence of Ammonites, Hamites, and
other dibranchiate cephalopoda, and other types of moUusca as

Inoceramus. Now what I intended to imply was that the

presence of these is not conclusive evidence that the beds in

question are as old as our chaltc. Between our chalk and the

base of our eocene a great hiatus exists, during which almost

the whole of the cretaceous fauna became extinct, at least in

European seas. This extinction and complete change of fauna

implies an immense interval of time which, although we have

but little record of it in Europe, we may expect to find recorded

elsewhere.

It is at least possible that the series in question in America
may be this record. In the lower, as in the Dakota group, we
have, mixed with many decidedly (as we have been wont to

consider them) cretaceous types of cephalopods, gastropods and
bivalves of an eocene aspect. No comparative tables of fossils

nor determinations of any value of European species from these

beds have been made. But assuming that a portion of the

lowermost cretaceous rocks of America were synchronous with

some of our upper European [^cretaceous rocks, we may still

suppose the mass of the strata to be of younger age. As very

fairly stated by Dr. Newberry, Mr. Lesquereux does not agree

with him as to where the division between cretaceous and
eocene in the lignitic beds should be placed. Hayden ' says

that the age of the lignite strata is obscure. " The evidence points

at the present time to the conclusion that the lower portions of

this group are cretaceous, passing up by gradual transition into

the tertiary, and that the greater portion may be regarded

as of the age of the later period." Cope and Marsh, again,

from the presence of Mososaurus, considered the lignites

to be cretaceous. It seems to me that as the lignitic flora

has the same character throughout its entire thickness, the

formation must be considered as a whole, and that instead of

endeavouring to correlate portions with either the European
chalk or eocene, it would be simpler for American geologists,

and more in accordance with the evidence we possess, to recognise

the fact that the American series more or less represents the

great hiatus existing in Europe between these formations.

Although the upper portion of the lignites, the total thickness of

which has been estimated at 10,000 feet, may be contemporaneous
with a part of our eocene, the absence of any of the types of

eocene flora, such as are characteristic at Sezanne, Bournemouth,
&c., is opposed to the supposition, as much as tlie absence of

anything at all approaching the Dalcota flora in our cretaceous

rocks is opposed to the contemporaneity of the latter.

These series may still, however, be conveniently spoken of

relatively, and for the purposes of American geology, as cretaceous,

but not until further evidence is adduced can they be recognised

as synchronous with any portion of ours.

J. S. Gard.ner

Automatism

Mr. Spalding in his able review of "The Physical Basis of

Mind," alludes to the term automatism, about which there has

been so much controversy. The word, however, is a most
unsuitable one for designating the important doctrine inculcated

so clearly by Mr. Spalding, as well as by Huxley and Clifford.

The ordinary meaning of "automaton" is a machine whose
actions are unattended by feeling. Now as the most striking

difference between an organic machine and an inorganic one is

that the movements of the living machine are accompanied by
sensations, while those of the inorganic machine or automaton
are without concomitant sensations, it is plainly a mistake to

apply to the actions of the sentient machine a term which has

as a fundamental part of its meaning the absence of sentience.

The incongruity is so manifest that I think it not improbable

that it is one of the sources of the facile confidence displayed by
some of the opponents of " automatism" ; and if the word were
supplanted by a less objectionable one, it is possible that the

important doclrine intended to be designated by it might be

accepted with less difficulty. I would suggest that some word
meaning concomitant action or synchronous procedure might

be coined for the pui^pose. The Germans, who are so fond of

long, amalgamated expressions, would perhaps use something
like "associated—mutually inconvertible—processes" to desig-

' ''Geological Survey of Territories," 1872.

nate'this dual unity of the subjective and objective sides of

mental action. D. Sharp
Thornhill, Aug. 5

Local Museums

In common with Mr. Allen, and doubtless very many others,

I have read the articles and letters on Local Museums with a
great deal of pleasure ; and I am very glad that Mr. Allen has

made his practical suggestion. In February last, in a paper
which I read before the Hastings Philosophical Society on
" Local Museums and Libraries of Reference," I made a similar

suggestion for our own locality. You may think the matter of

sufficient importance to justify the insertion of the following few
lines from my paper :

—

" I do not wish to put such institutions as I am advocating

into competition with things of a very different character ; but I

would ask whether a zeal somewhat akin to that which is exhibited

in raising funds for religious societies ought not to be exhibited

on behalf of such purposes as those under discussion ? Would
it be at all absurd to talk about having a tuisiion to establish a

public library ? . . . For my own part I can conceive of few
nobler aims than that of raising for one's town a permanent
public institution of an intellectual character. If a committee
were to take up the work with enthusiasm and were able, even
though after many years of toil, to say to the people of Hastings :

' We have built for you, with your own help, a library and
museum, and we have, with funds with which the public have
supplied us, sufficiently endowed this institution to carry on all

its legitimate work, and we now hand it over to you, the people

of the town of Ilastings, as the property of you and your
children for ever '—I say a committee that took in hand and
accomplished such a work would deserve the deepest gratitude

of the borough, and would have a right to claim to have
accomplished a mission of no small importance." A. R.

Hastings, August 3

July Shooting Stars

I OBSERVED 197 shooting-stars in July—nearly all of them
between the 6th and 20th—in twenty-four hours of watching.

Tlie weather was generally very cloudy and stormy between the

13th and 23rd, or many more would have been seen. I looked
usually towards the eastern sky, and from the considerable

number of meteor paths registered, am enabled to give the

following table of radiant points visible in that quarter during

the period of my observations. The list may be considered

very fairly complete and accurate, for the great majority of the

meteors were well seen, and many of them h.ad short courses

evidently near their radiant centres :
—

Radiant Point.

Approx. Star.
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The shower at 290° + 43° is appaiently new for the first half of

July, and corroborates one 1 deduced fiom the Italian meteor
catalogue (1S72) at 291° + 45° for June 26 to July 1 1 from eight
meteors. This position falls near an August shower (seen on the

loth in 1871 at 293 + 42), and it is very likely to be nothing
but an early indication of that system. The radiants in Perseus
at 47° + 45° and 36^ + 47" are too far removed from any pre-
viously known centres to be included with them. They weie
very swift, white mete6rs, rather bright, leaving streaks, and I

mistook them at first for early P^rseiJs of the true August
system. The positions agree singularly well with two of Prof.

Herschel's cometary radiants and dates (British Association
report on luminous meteors, 1S75, ?• ^33) as follows :

—

R.A. Dec. Date.

Comets radiant (1764 B) ... 49° + 45°"S ... July 25.

Meteor radiant, 1877 47+45 ... July 12-20.

Comets radiant (770 tJ) ... 39 -I- 45 ... July 8.

Meteor radiant, 1877 36 \ 47 ... July.

I saw several meteors from these radiants in July last year, and
on examining the shooting-star catalogues of Zezioli, Schiaparelli,

Denza, and others, 1S67-72, have found a few additional paths
clearly confirming the existence of these new meteor orbits.

From twenty-eight shooting stars (including my own observa-
tions) the two showers are apparently well marked and fall

sufficiently near the cometary positions to afford an inference of
connection.

The most active shower of the month was from Andromeda
(4° -)- 35°). Twenty-one swift white meteors were noted from
this place, but the radiant was a little diffuse and not nearly so
sharply centred as another strong system at 6 -^ 53, which
supplied very similar meteors. They are both already well-

known showers. On the early morning of the 29th a few swift

meteors with streaks, observed in Auriga, indicated the com-
mencement of the August Pcrseids with radiant near tj Persei.

Bristol, July 31 W. F. Denning

OUR ASTRONOMICAL COLUMN
The Total Eclipse of the Moon, August 23.

—

Though lunar eclipses have lost the degree of astronomical
interest and utility formerly attached to them, the general
observer may still be expected to find the same amount
of attraction as in past times in watching the physical
features of a total eclipse of our satellite, well visible at a
convenient hour of a summer's night. On Thursday even-
ing, August 23, with favourable weather such a pheno-
menon may be witnessed, throughout its continuance, in

this country as in other parts of Europe. The first contact
with the penumbra takes place at Sh. 37m. Greenwich
mean time, and that with the dark shadow at gh. 137m.,
about 59° from the northernmost point of the moon's
limb towards the east ; the total phase begins at

loh. 19'im., and ends at 37m. after midnight ; the last

contact with the shadow occurs at ih. 9'im. a.m. (August
24), about 112° from the northernmost point towards the

west, and that with the penumbra at 2h. ig'im. With
respect to the earth's true shadow the eclipse, therefore,

continues 3h.45m., and the moon is totally immersed in it

for ih. 45m., the middle of the eclipse at iih. iim. p.m.

When she first encounters the earth's dark shadow her
altitude at Greenwich is 18°.

Though we are accustomed to speak of a total eclipse

of the moon, .-xs is well known, it rarely happens that she
disappears while in the earth's shadow. The physical
features of interest to which allusion is made above con-
sist chietly in the variations of the coppery and other
tints which spread over her surface, and in the great
majority of eclipses render her more or less conspicuously
visible, during her passage through the shadow ; and as

these variable features depend upon the state of the atmo-
sphere at the time round the edge of the earth's disc as
seen from the moon, with respect to transparency or more
or less prevalence of cloud therein—the aspect which a
particular eclipse is likely to present does not admit of

prediction. In the eclipse of June 15, 1620, Kepler states

that the moon wholly disappeared, while stars of the fifth

magnitude were visible in the neighbourhood, and He-

velius failed to see her;;;even [with a telescope during the
eclipse of Aprii;i4, 1642 (not April 25, as stated in many
astronomical treatises). But perhaps one of the most
s'riking instances of the kind is afforded by the eclipse
of May 18, 1761, observed by the Swedish astronomer
Wargentin at Stockholm ; eleven minutes after the
total immersion he could not perceive the slightest trace
of the moon either with the naked eye or with the tele-
scope, yet the night was very clear and the stars shining
in her vicinity ; but about forty minutes later, with a two-
foot telescope, he discovered our satellite by a taint light
on the border of the disc. As an instance of the contrary
nature, where the moon has been so strongly illuminated
during her presence in the shadow, as to admit of the
various markings upon her surface being seen with dis-
tinctness, and even to lead persons to doubt her being
eclipsed, mention may be made of the eclipse on the
morning of December 23, 1703, which was observed by
various astronomers in the south of France. At Avignon,
during the whole duration of the passage through the
earth's shadow, " the moon appeared extraordinarily
illuminated, and of a very bright red, so that it might
have been supposed that she was transparent, and that
the sun was behind her globe, and that his rays passed
tlirough in the same manner that they are seen to traverse
certain stones, which are slightly diaphanous." It is

singular, however, that while this was the aspect of the
phenomenon at Avignon, different features should have
been noted at Montpellier, particularly the total disap-
pearance of the moon, rather quickly towards 6h. 30m.
A.^L, though the night was as transparent as could have
been wished ; it is mentioned that the twilight was already
very sensible, but that the invisibility of the moon could
not be wholly attributed to this cause, since many stars
were shining in the same quarter of the sky. A later
instance of the same kind occurred on March 19. 1S4S,
recorded by observers in England, Ireland, and Belgium,
when the moon's disc was intensely bright, coppery red.
The uninitiated were doubtful of there being any eclipse.
It is worthy of mention that conspicuous aurora borealis
was present during the night.

The Variable Star x Cygni.—Prof. Schonfeld's
ephemeris fixes the next minimum of this star to
September 15, the magnitude according to his last cata-
logue of elements being then 12-8

; but the variation has
been subject to considerable irregularity of late years, and
observations will be required for some time before and
after any dates now predicted to determine the epochs of
maxima and minima satisfactorily. The error of Arge-
lander's formula, with one perturbation, appears to have
attained a maximum of about three months, in 1S70, and
to have been since diminishing ; as compared with the
maximum of 1874, the error was little over two months.

This star is properly designated x Cygni, Bayer's letter

undoubtedly applying to it. x °f Flamsteed must then
take the number he attaches to it, 17. When the British
astronomer looked for Bayer's star it would be, as
Argelander has pointed out, invisible ; and hence his
mistake in connecting another star with Bayer's letter

;

there is no necessity, however, to perpetuate the obvious
error.

New Minor Planet.—No. 1 73 of the group of small
planets was discovered by M. Borrelly at the observatory
of Marseilles on the evening of the 2nd inst. At gh. om.
m.t., its position was in R.A. 22h. 40m. 30s., N.P.D.
97' 34'-8

; diurnal motion in R.A. 26s., in N.P.D. , -\- 8', a
tenth magnitude. Though several small planets detected
within the last ten years are adrift, it does not appear that
the present body can be identical with any one of them.
Ephemerides for 1S77 of a number discovered since 152
are unavoidably omitted in the Berliner Jahrbuch for

1879, for want of the necessary elements. Dike, which
was found by M. Borrelly as far back as May, 1868, has
not been observed since.
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BIOLOGICAL NOTES
Temperature of Trees.—Prof. Boehm has recently

investigated the temperature of trees in its relation to

external influences. His conclusions are these :— i.

The temperat\ire of the tree-interior is, during transpira-

tion, the combined expression of the air and the ground

heat. 2. The air heat is conducted transversally, the

ground heat longitudinally. 3. The longitudinal conduc-

tion is effected through the ascending sap-current, or

rather through transpiration. 4. A lowering of the

ground temperature during transpiration produces also a

depression of temperature in the tree-interior. 5. The
influence of the temperature of the ascending sap-current

decreases in the stem from below upwards, and from

within outwards. 6. Tlie amount of this decrease is

determined by the amount of the transversely- conducted

solar heat, and is in direct ratio with the diminution of

the volume of the stem part, and the approximation to the

periphery of the stem. 7. The lower part of the stem is

still under the full influence of the ground heat, or rather

of the ascending sap-current. 8. The vertical limit of

this influence is lost in the ramification of the tree. 9.

With exclusion of transpiration, and therewith of rise of

sap, the temperature of the tree is simply dependent on

that of the air. 10. A simultaneous coohng of the lower

and upper part of the tree completely equalises the

amounts of influence (opposite according to the height

of the stem) of the two cooling " moments."

Latici FERGUS VESSELS IN PLANTS.—We notice a very

interesting Russian paper, by M. Schmahlhausen, just

appeared, " Researches on the Vessels of Plants." The
author shows that the growth of the vessels goes on in

the same manner as that of the mycelium of parasitic

Fungi in the tissues of plants, and thus refutes the often

expressed opinion that vessels in plants are analogous to

the blood-vessels in animals.

Flora of New Guinea.—Baron Ferdinand von

Miiller's fifth contribution towards a list of Papuan plants

has recently reached us, and contains the remainder of

the species, with few exceptions, gathered last year by

Signor D'Albertis and Mr. Goldie, on their now famed

New Guinea exploration. In this list several new species

occur, notably a S/oa?iea, which Baron Muller has named
^. paradisearum, from the fact that the tree, which grows

to the height of forty feet on the Upper Fly River, in-

habits the forest haunts of the birds of Paradise. The
fruits are described as closely approaching in size those of

S.jamaiccnsis, "thus far excelling any of the Sloaneas of

the eastern hemisphere, so far as they are known, in the

magnitude of the fruit." The discovery of Na^sia

Rumphii is interesting, from the fact that no other conifer

is reported from New ("ruinea, except Nagda Iheveteafolia,

and an Araucaria by Beccari.

The Segmentation of the Head.—By slow degrees

an approach is being made to a true understanding of

this most difficult and interesting ciuestion. The old

explanations by archetypes and by the structure of the

highest- developed skulls, have fallen into disfavour.

Attempts to settle the cranial segments by considering

the distribution of nerves in the adult have been shown to

be unsafe, because nerves are necessarily adaptational in

their character and liable to the greatest modification on

changes taking place in the organs they supply. The
development of nerves, however, is a much surer guide,

showing primitive and fundamental characters. The
nerves behind the ear are five in fishes, although the

number of strands of which the vagus is made up in

some cases points to a loss of distinct nerves and segments

in the hinder part of the head. The auditory and facial

nerves originate as one, so that the auditory appears as a

specialised portion of the facial. The trigeminal like-

wise arises as a single nerve, and in front of this there is

no nerve having a similar history to these and the spinal

nerves. Thus we have an indication of seven segmental
nerves issuing from the brain-case. When the visceral

clefts are considered, we find in sharks six clefts indi-

cating seven segments, or one more if the mouth be
regarded as a cleft. The head-cavities between the outer

wall of the head and the mucous membrane of the
throat, discovered by Mr. Balfour in sharks, furnish a
similar number. They are eight in all, one preman-
dibular, one mandibular, one hyoid, and five branchial.

Thus the examination of three sets of organs leads to

the assignment of eight body segments to the head. But
the question is far from being settled so long as' the
brain-case itself and the brain cannot be satisfactorily

explained.

The Capercailzie in Northumberland.—It is

well known that this fine bird, originally indigenous in

the British Islands, became extinct, and was reintroduced

into the Scottish Highlands some forty years ago by the

late Marquis of Breadalbane. Earl Ravensworth has
recently been endeavouring to naturalise the capercailzie

in large tracts of pine wood in Northumberland, on the

edge of moors and wild crags, furnishing various berries

which form its favourite food. In 1S72 a cock and two
hens were reared ; but the male bird got destroyed. In

1873 two settings of eggs were hatched, but owing to a
wet summer all the young birds perished after nearly

arriving at maturity. In 1874 four fine birds were reared

to their full growth, one of which, a male, still survives.

In I S76 fifteen chicks were hatched out of twenty eggs,

and three cocks and four hens grew to maturity. But
the stock has become reduced to five individuals, three

males and two females, all in good health. It appears

that a difficulty arises from some deficiency in diet or

conditions which is at present unknown. Although ex-

tremely wild and shy by nature, and flying long distances,

capercailzies are yet most indolent, and unwilling to move
from places to which they are familiarised. Their colour

assimilates very closely with the Scotch fir, so that it is

exceedingly difficult to distinguish the male bird when
seated on a branch. The male is very ferocious, and
makes extraordinary gesticulations during the season of

courtship
i

the hen may even be killed by his fierce

advances.

Evolution by Leaps.—Mr. Thomas Meehan has
described before the Academy of Natural Sciences of

Philadelphia a case of sudden change of characters in

some branches of a " smoke-house " apple tree, which bore

clusters of flowers at the ends of young shoots, flowering

six weeks after the ordinary blooms from spurs, and yet

maturing fruit at the same time as the old spurs. This
fruit, however, was very unlike the smoke-house fruit, the

fruit stems being long and slender, and the fruit flattened.

The change was so great that a botanist would have no
hesitation in describing the form as a new species ; and
there appeared no reason why the law which jjroduced

this modification might not simultaneously act on all the

trees in a district. At any rate here was an appearance

which served to show how new species might arise in

nature. Mr. Meehan, however, did not allude to the

difliculty of reasoning from a change in a cultivated variety

to the operation of causes in a wild state. The case

can hardly be considered as decisive, although of much
interest.

The Eucalyptus in the United States.—Mr.
Joseph Wharton has tried to acclimatise i;. ^/<VW«j in

Philadelphia, but although the plants grow well in green-

houses, they seem incapable of surviving the severe

winters, even though carefully covered with leaves and
earth. The winter test was only applied after the plants

had grown vigorously for some years, being protected in

winter and placed in the open air in summer.
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EVOLUTION OF NERVES AND NERVO-
SYSTEMS^

III.

THE question, however, remains : Will this conductile

function prove itself as tolerant towards section of the

tissue as the contractile function has already proved itself

to be ? for, if so, any objection to the view that the passage

of the contractile waves is due to vicarious action of

rudimentary nerve-fibres will be removed. Briefly, the

answer to this question is an affirmative ; for I find it is

quite as difficult to block the passage of stimulus waves

by means of interposing cuts, as we have seen that it is to

block the passage of contractile waves by the same means.

For instance, here is an Aurelia (Fig. 5), the bell of which

has been cut into the form of a contmuous parallelogram

of tissue, and then submitted to the tremendously severe

form of section which is depicted. Yet on very gently

stimulating any point in this expanse of tissue, as at the

end a, a tentacular wave would course all the way along the

margin, to b, thus showing that the wave of stimulation

must have passed round and round the ends of all the

intervening cuts. In the diagram the tentacular wave is

represented as having traversed one-half of the whole

distance from a to b, and near b there is represented a

single remaining ganglion, {g). When, therefore, the

tentacular wave reaches ^t,', this ganglion will shortly after-

wards discharge, so givmg rise to a contractile wave,

which will course back from g to a in the opposite direction

to that which the stimulus wave had previously pursued.

And this, I am not afraid to say, is the most important

observation, both to the physiologist and to the evolu-

tionist, that has ever been made in the whole range of

invertebrate physiology. For to the physiologist this

observation proves that the distinguishing function of

nerve, where it first appears upon the scene of life, is a

function which admits of being performed vicariously, to

almost any extent, by all parts of the same tissue-mass
;

while to the evolutionist the observation proves the exist-

ence of such a state of things as his theory of nervo-

genesis would lead him to expect. In such a symmetri-

cally-formed animal as a Medusa, with all parts of the

contractile sheet precisely resembhng one another, we
should expect the lines of discharge composing the hypo-
thetical plexus to be very numerous, and all very much
alike with respect to the degree of their evolution. For,

as the symmetrical form of the disk does not require that

any one set of lines should be used much more frequently

than any other set, it follows from Mr. Spencer's theory

that all the Hnes should more or less resemble one
another as regards the extent of their differentiation.^

That is to say, they should all be lines presenting about

the same degree of resistance to the passage of a stimulus

wave, and therefore it should become a matter of indif-

ference, so to speak, through which particular set of lines

such a wave takes its course.

There is still another class of facts which to my mind
makes very strongly in favour of Mr. Spencer's theory.

delivered at the Royal Institution on Friday
By George J. Romanes, iM.A., F.L.S., &c.

' Abstract of a Lectu
evening. May 25, 1877.

Continued from p. 27 i.

2 Mr. Spencer himself observes, "The average equality of the forces to

which their bodies (i-i'., those of the Medusae) are exposed all round is un-

favourable to the formation of distinct muscles and a distinct nervous
sysfm " (" Psychology," vr.l. i. p. 522) Although this statement must now be
modified so far as the ganglionic system of the Medusse is concerned, I do
not think that the anticipation which it embodies should on this account be
deemed unwarrantable so far as it applies to other parts of the nervous system.

For although it is true that a Medusa as a tulwte is " exposed all round " to an
* average equality of forces," it is not true that the excitabte portions of a
Medusa are thus equally exposed. On th*^ contrary, the margin of the

excitable sheet which lines the cavity of the bell, occupies a much more
exposed posiiion than does any other part of that sheet : and whether or not

this fact has anything to do with the development of the ganglia in the only
part of the excitable sheet which is thus peculiarly situated, I think it is

obvious that this part of a Medusa ought to be carefully excepted in the

statement which 1 have quoted. With regard to all other paits of the

excitable sheet, however, the statement is certainly correct ; and it is only to

such parts that the considerations in the text apply —G. J. R.

Assuming, as I think we are now entitled to assume, that

the contractile waves are not merely muscle waves, but
depend for their passage on the progressive passage of

the stimulus waves—assuming this, the following facts

become facts of great significance. When the con-
tractile waves in a spiral strip have become suddenly
blocked by section, in the great majority of cases,

such blocking will be permanent—even though the strip

be continously stimulated, whether artificially or by a
single terminal ganglion, as represented in Fig. 4. But
in the remaining cases, after a time that varies from
a few minutes to a day or more, the obstruction is

overcome, and the contractile waves pass forward with

perfect freedom. Now, if I had time, I could prove that

these facts are certainly not to be attributed to what
physiologists term shock; and, therefore, it seems to

me that only one hypothesis remains. What I have
recently said about most of the lines of discharge in the

supposed plexus being very much alike as regards the

degree of their differentiation, does not, of course, mean
that all the lines are exactly alike in this respect ; for on
J /r/or/ grounds such a state of things would be in the
last degree improbable. Consequently, in conducting a
spiral section, it must happen that at every snip the
scissors cut through a number of lines of discharge pre-

senting various degrees of differentiation ; and, such
being the case, the fact of the sudden and final blocking
is presumably due to a well-differentiated line having been
severed in a part of the tissue where no other Ime occurs

of a sufficient degree of differentiation to conduct the

stimulus forward. Now in most instances, as we should
expect, the blocking so caused is permanent ; for it is

manifest that th° formation of nervous channels, in the
way suggested by Mr. Spencer, cannot proceed at so great

a rate as to admit of ivlwlly new lines of discharge being
established during the life-time of a mutilated Medusa, i.e.,

during the course of a few days. Nevertheless, according
to the hypothesis, some small percentage of cases might
be expected to occur in which such blocking of the contrac-

tile waves would only be temporary. For some cases would
almost certainly occur in which the relations of the highly

differentiated line just destroyed to the more slightly

differentiated lines in the neighbourhood of the section,

would happen to be such that the more slightly dif-

ferentiated lines would be very nearly, though not quite,

able to act vicariously for the more highly differentiated

line which has just been destroyed (see Fig. 4, where
the deep line represents the well-differentiated line which
has just been severed, and the dotted line the less-differ-

entiated one which is still intact). The contractile waves,

therefore, would in the first instance become suddenly
blocked at the end of the strip. But the molecular, and
with them the contractile, waves still continuing to pass

quite up to the end of the strip, and being there always
suddenly stopped, a rude conflict of molecular forces will

thus set up in the area where these waves are impeded,
and each of the forces concerned will seek for itself the line

of least resistance. Hence, as the successive waves beat

rhythmically on the area of obstruction, more or less

of the molecular disturbance must every time be equalised

through those lines of discharge which from the first have
been almost sufficient to maintain the physiological con-

tinuity of the tissue. Therefore, according to the hypo-
thesis, every wave that is blocked imposes on these

particular lines of discharge a much higher degree of

functional activity than they were ever before required to

exercise ; and this greater activity causing in its turn

greater permeability, a point will sooner or later arrive at

which these lines of discharge from having been almost
become quite able to draft off sufficient molecular motion,
or stimulating influence, to carry on the contractile waves
beyond the area of previous blocking. In such instances,

of course, we should expect to find, what I always observed
to be the case, viz., that the first contractile waves which
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psss the barrieis are only very feeble, the next stronger,

the next still stronger, and so on, according as the new
passage becomes niore and more permeable by use; until

at last the contractile w.ives pour over the original barrier

without any perceptible diminution of their force. In

some cases, by exploring with graduated stimuli and
needle-point teiminals, I was able to ascertain the precise

line through which this erupjtion of stimulating influence

hnd taken place ; so that altogether I think these facts

tend ver) strongly to confirm Mr. Spencei's theory regard-

ing the genesis of nerves.' I will only add that if this

interpretation of the facts is correct, we have in them a
striking instance of the uniformity with which Nature
works. A scientific theory concerning the evolution of

nerves, which a year or two ago it seemed impossible to

' As nddltional proof that a wave of stimulation may pass
tliekind described in too small a quaiuiiy to siart a wave
Levond the b.Trjier. I may meniirin the following facts —
polypite is more sensitive to stimulation of the beil than is

irself : -=o 'hat it is possible to slimulatc the bcII-u^.sLic too g
contractile vave in it. ;.nd yet strongly ewfui .]i t. > 1 m-. ,

: i..

i
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in the one case to sting away the enemy, and in the other

to capture the prey. Hence I think that natural selection

would probably tend to convert lines of discharge in pro-

miscuous directions, into lines of discharge in definite

directions—thus developing the function of localisation.

At first, no doubt, this function would be performed only

in a general and tentative manner (as, indeed, I have

observed in the case of ^//;r//(0 ; but gradually by the

combined action and mutual reaction of use and survival

of the fittest, this function would come to be performed

with ever-increasing precision.'

This, then, t conceive to be an important step in the

evolution of nen'Ous systems—foreshadowing as it does

the principle of coordination among muscular move-

ments, which in all the higher animals is effected by

reflex mechanisms precisely resembling, as to their func-

tion, the primitive reflex mechanism we are considering.

But now another point of interest arises. As Spencer's

theory supposes a line of discharge to become more and
more definite by use, if, for the maintenance of any par-

ticular function such as the one we are considering, a
certain line of discharge habitually serves as a line of

communication between two points of the animal tissues
;

it follows that this line will offer less resistance to the

passage of a stimulus bet-veen these two points than would
any other line in the organism. Consequently, so long as

such a line remains intact, so long we shou'.d expect what
we have seen to be the case, viz., that little or no vicarious

action takes place between it and other lines. But let

this line be severed, and let there be a number of closely

adjacent lines, as there must be in this particular instance,

and should we not expect, both from Spencer's theory and

Fig. 7.

—

Tia?-o/-sis imlu-nns. ilis'atly enlarged.

from our knowledge oi Aitreiia, that at some such grade
of nervous evolution as Tiai'opsis presents, the stimulus

should be able to escape from the severed to the unsevered
lines ? And this I find to be the case. For if a small cut

be introduced between the base of the polypite and the

.•eat of injury in the bell, the polypite is no longer able to

localise the seat of injury, although it still continues to

pfrceive, so to speak, that injury is being applied some-
luliere. For instance, if a short cut be introduced as here

represented at l> c, and you prick the bell anywhere below
the cut, as at (/, the pol>pite, instead of immediately
applying its extremity to the exact spot that is being

stimulated, now actively dodges about first to one part

and then to another part of the bell, as if seeking in vain
f<ir the offending body, which, however, it cannot succeed
in finding. Now I explain this marked change in the

behaviour of the polypite by supposing that the wave of

stimulation in this case runs along the habitual line of

discharge till it reaches the cut ; and that being there no
longer able to pursue this habitual line of least resistance,

the wave of stimulation escapes into the adjacent lines, and
so spreads all over the bell. Hence a number of conflict-

ing messages are simultaneously delivered to the polypite,

wtiich therefore executes the random movements I have
* It may be here observed that Mr. Spencer, in his theory of nervo-geneti=,

expre'.sly supplements his hypothesis as to the direct influence of u-e, with
that as to the indirect influence of natural selection. (See " Biology/"

§ i6,.)-G. J. K.

described—each of these movements being presumably
determined by the relative degree in which now one line

and now another takes part in conveying the scattered

stimulus.

And now for another expectation to be realised. We
should expect that the higher degree of specialisation

which in these lines of discharge prevents vicarious action

so long as the lines are undivided, should have the effect

of rendering such vicarious action as we have seen to

ensue when the lines are divided, less easy than it is in

Aurelia, where the specialisation of the lines being less

pronounced, vicarious action among them is presumably
more habitual. And such I find to be the case ; for while

in Aurelia, as we have seen, stimulus-waves continue to

zig-zag round and round the ends of almost any number
of overlapping cuts, in Tiaropsis ttvo or three such cuts

are sufficient to destroy, not only the localising, but also

the random movements of the polypite—the latter then

remaining passive, because the stimulus-waves are wholly

blocked.

And lastly, before leaving the case of Tiaropsis indicans,

I should like to mention the noteworthy fact, that although

the polypite is able to perform the intricate ganglionic

finiction of localising any seat of stimulation in the bell,

no signs of ganglionic structure can be detected with the

microscope. Moreover, a portion of any size that is re-

moved from the polypite continues to perform the localis-

ing function in just the same way as does the entire organ.

In other words, this localising function, which is so very

efficiently performed by the polypite of this Medusa, and

which, if anything resembling it occurred in the higher

animals, would certainly have definite ganglia for its

structural correlative, is here shared equally by all parts of

the exceedingly tenuous excitable tissue that formsthe

outer surface of the organ. The case of the incipient

ganglia of the polypite thus resembles that of the incipient

nerves of the bell in this respect— that in both cases

obvious signs of characteristic function are displayed

before any corresponding signs of structure can be dis-

tinguished. Nerve-cells, therefore, no less than nerve-

libres, are thus shown to have their first beginnings in

d flerentiations of protoplasmic substance which are too

refined for the microscope to analyse.

There is one other species of Medusa about which I

should like to say a very few words, because it presents a

still higher grade of nervous evolution than Tiaropsis. This

is Sarsia(Y\g. 8), a Medusa in which the lines of discharge

have in some places become so far differentiated as to

admit of being actually seen, and are therefore entitled to

be called nerves. All round the margin, and likewise along

the course of the radial tubes, these, the earliest visible

nerve-fibres in the animal kingdom, may be traced. And
as we might anticipate, the advance of stiucture which is

implied by an invisible " line of discharge" becoming a

visi'ole nerve-fibre, entails a corresponding advance of

function. In the first place, the rate at which a stimulus

travels seems to be much greater along these fully-evolved

nerve-fibres than it is in the more rudimentary nerves or

lines of discharge in Aurelia. In the next place, this

greater differentiation of nerve-tissue renders the nervous

connection between any two parts of the organism much
more definite, and therefore vicarious action less promis-

cuous, than we have seen it to be in the other jelly-fishes ;

so that, for instance, a tentacular wave in this species may
be blocked by a single short cut through the margin of

the bell. Lastly, it is in this species that I was first able

to perceive any unequivocal evidence of co-ordination

among the marginal ganglia. In all the other species of

Medusse the marginal ganglia appear to act independ-

ently of one another; but in this species, where the mar-

ginal ganglia are first seen to be united by a visible

nerve-fibre, they always act in concert. So much, indeed,

is this the case, that the animal is able to steer itself m
any required direction, as proved by the experiment which
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I described last year, whereby individuals of this species

were shown to have the power of following a moving
beam of light round and round the vessel in which they

were contained. I may also remark that individuals of

this species present much more nervous energy than

those of any other species of Medusae which I have had
the opportunity of observing.

1 have now, ladies and gentlemen, communicated some
of the points wherein my work has tended to elucidate

the early stages in the evolution of nerves and nervous
systems. And these are just the stages concerning which
elucidation is most required. When once nerve-fibres

and nerve-cells have been fully evolved and arranged in

the form of simple reflex mechanisms, the subsequent
history of their evolution into compound nervous systems
is readily intelligible. The principles on which this higher

evolution is effected are throughout the same, and result

essentially in establishing ever more and more advanced

degrees of integration. Compare, for instance, the ner-

vous systems of an earth-worm, a centipede, an insect, and
a spider ; and observe the progressive fusion of ganglia
which has taken place. The progressive centralisation

which is thus effected is no doubt ultimately due to natu-
ral selection, if not exclusively, at any rate in large part;

for this increasing consolidation of the reflex mechanisms
must be of great benefit to the organisms which present
it—serving as it does to render possible muscular move-
ments ever more and more varied and combined. In
the vertebrated series of animals the evolution of cen-
tral nervous matter consists chiefly in adding to the size

of ganglia by increasing the number of their ultimate
nervous elements, nerve-cells and nerve-fibres. This
progressive increase in the size of ganglia is especially

remarkable in the case of the cerebral hemispheres. Now
the cerebral hemispheres are the ganglia which we know
to be the exclusive seat of the intellectual faculties

; and
their progressive increase in bulk as we ascend through

the animal series, is undoubtedly to be regarded as the
structural correlative of that progressive advance of the
intellectual powers which is so conspicuously apparent as
we ascend from the lower animals to Man.
And now, in conclusion, I should like to observe, that

even in this the highest product of nervous evolution

—

the supreme ganglia or cerebral hemispheres of Man

—

not only do we still encounter the same fundamental con-
stituents of structure as we observe in all other ganglia

;

but the cells and fibres in the brain of a man do not
differ in any marked degree from the cells and fibres in the
ganglion of an Aurclia. Theie is, however, a prodigious
difference in the product of their operation. When ordi-

nary ganglion cells discharge their influence, the result is,

as we have seen, a muscular contraction ; but when
cerebral cells discharge their influence, we of to- day can
have no doubt that the result is a mental change. And
although we freely acknowledge that we are here standing
on the border-land of insoluble mystery, we are not
afraid to assert with confidence, that in the amazing com-
pliexty of the brain's structure—amid those millions on
millions of interlacing cells and fibres—we have the

physical aspect of all those relations, which in their

psychical aspect we know as thoughts and feelings. Do
you think that this sounds like materialism .' I am not
here to-night to discuss that point ; but I may observe in

passing, that even were I able to tell you the particular

cerebral elements which I now use in expressing this state-

ment to you, I should be just as much or just as little on the

way towards proving materialism, as I am when I tell you
that a blow on the head produces insensibility. Science
can never go further than common sense in proving
any necessary connection to subsist between mind and
matter ; for all that science can ever do is to ascertain

numerous details with regard to such connection as un-
doubtedly does exist, and which, as a matter of daily

experience, common-sense has already and completely
recognised. However, materialism or no materialism, it

is manifest that the facts being what they are, Mr.
Spencer's theory as to the genesis of nerves must not be
allowed to stop short just where its presence is most
required. As we have seen that the cerebral hemispheres
of man resemble all other ganglia in structure, we cannot
hesitate in concluding that if Mr. Spencer's theory is valid

in explaining the genesis of nerves in general, it can be
no less valid in explaining the genesis of these supreme
ganglia in particular. And as we have every reason to

believe that the functional operations of these supreme
ganglia are inseparably associated with our thoughts and
feelings, we are driven to the yet further conclusion,

that if Mr. Spencer's theory is of any validity at

all, our possible as well as our actual thoughts
and feelings are determined by the strictly physical con-

ditions under which molecular waves of stimulation

course through the structure of the brain. So that in

this Spencerian hypothesis of lines of discharge becom-
ing more and more definite by use, we have a physical

explanation, which is perhaps as full and as complete as

such an explanation can ever be, of the genesis of mind.
From the time that intelligence first dawned upon the scene
of life, whenever a new relation had to be established in

the region of mind, it could only be so established in virtue

of some new line of discharge being excavated through
the substance of the brain. The more often this relation

had to be repeated in the mind, the more often would
this discharge require to take place in the brain, and so

the more easy would every repetition of the process

become ; until at last the line of discharge grows into a
nerve-fibre, and becomes the inherited property of the

race. Thus it is, according to the theory, that there is

always a precise proportion between the constancy with

which any relations have been joined together during the

history of intelligence, and the difficulty which intelligence

now experiences in trying to conceive of such relations as
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disjoined. Thus it is that, even during the history of an
individual intelligence, "practice makes perfect," by fre-

quently repeating the needful stimulations along the same
lines of cerebral discharge—so rendering the latter even

more and more permeable by use. Thus it is that a
child learns its lessons by frequently repeating them

;

and thus it is that all our knowledge is accumulated. In

a word, if, as has been truly said, "man is a bundle of

habits," we have in Mr. Spencer's theory of nervo-genesis

a physical explanation of the fact. And forasmuch as it

is upon this theory that Mr. Spencer may be said to

found that great monument of modern thought—his
" Principles of Psychology," I cannot but feel that

one of the most important bearings which my work
on the Medusas has had, is that of supplying facts

which tend to substantiate this theory—and this at a

time when it seemed as though the theory could never

have other than a priori considerations for its sup-

port. But if my interpretation of these facts is correct,

this important theory is now receiving inductive verifica-

tion from a most unexpected source. At first sight no
two organic structures could well seem to have less in

common than the swimming-bell of a Medusa and the

brain of a Man ; nor could anything seem more unlikely

than that a great psychological theory should derive sup-

port from the study of polypes, where the very existence

of a nervous system has only just been discovered. But
here again, I believe, we may discern the uniformity of

Nature ; and while watching the passage of the waves
of stimulation in the contractile strips of Aiinlia—novi
passing freely, now stopped by an excess of resistance,

and now again forcing a passage,— I have felt that I

was probably witnessing, on the lowest plain of nervo-
genesis, that very same play and counter-play of forces,

which, on the highest plain of nervo-genesis, invariably

accompanies, if it does not actually cause, the most in-

ti'icate reasoning of a Newton, the most sublime emotion
of a Shakespeare, the most imperious will of a Napoleon,
and the most transforming thought of a Darwin.'

ATOMS AND EQUIVALENTS

IN the Comptes Rcndiis for the month of May and June
there is a series of communications by Messrs. Wurtz

and Betthelot containing a discussion of their respective

views as to whether chemical changes should be expressed
by elements in equivalent proportions or whether the

more modern system of atomic weights should be
employed.

In the first communication, which is made by M. Wurtz,
he remarks on the discrepancy evidently existing between
his idea and that of M. Deville, " who has criticised him
in a former number of the journal," on the law of volumes
of Gay-Lussac. He advances in support of the atomic
argument, that free hydrogen may be regarded as a com-
bination of two atoms of hydrogen, the peculiar reaction

of hydrochloric acid on hydride of copper and in the

case of oxygen with oxygen the reactions discovered by
Thenard and Brodie of peroxide of hydrogen on certain

oxides. He maintains that the molecular conceptions
with regard to bodies in the free state are further upheld,

in the case of nitrogen by the formation of nitro and

* Throughout the lecture of which the above is a pretty full abstract, 1

have associated Mr. Herbert Spencer's theory of nervo-genesis with his

name excUisively. To avoid misapprehension, therefore, \ append this

note to state that I am not ignor.tnt of the fact that the theory in question
has occurred to other thinkers as well as to the great English philosopher.
Moreover, I am quite aware that even if this theory of nervo-genesis had
never been enunciated a priori by any speculative thinker, some such theory
would certainly have been devised ii posteriori hy any working physiologist
of moderate capacity who might first happen to observe such facts as are
above detailed. But considering that Mr, Spencer elaborated the theorj-

deductively, and that he did so in a much more thorough and painstaking
manner than had ever been done before, considering, too, that he has given
the theory so elaborated such a prominent place in his system of objective
psychology, I have not hesitated to describe this theory as being pre-emi-
nently a product of hii authorship.—G. J. R.

dinitro compounds, and in the case of carbon by the con-
sideration of organic chemistry when examined according
to the theory of Kekule of the grouping of several carbon
atoms in the same molecule. After discussing the law of

Gay-Lussac as applied to the gaseous compounds of
hydrogen with chlorine, oxygen, and nitrogen, he remarks
that what results from the previous discussions on this

matter, is, that the system of expressing chemical reac-
tions by equivalents which prevailed about 1840 over the
atomic notation of Berzelius, has not taken into proper
account the discoveries of Gay-Lussac on the combination
of gases with each other ; and consequently, that the
maintenance of this principle in the discussion of chemical
phenomena would cause a serious obstacle to the
advancement of the science.

M. Berthelot on behalf of those who, like himself, retain

the method of writing chemical changes by equivalents,

as opposed to the atoinic notation, in replying to this first

communication of M. Wurtz, states that he does not
think the matter to have the same importance which the
latter seems to attach to it. He considers that the
progress of chemical science is not entirely subordinate
to a change of notation which does not strike at the
foundation of the science as it had done a hundred years
ago to the pneumatic chemistry of Lavoisier. He thinks
that at the present day the truths are so general that all

the laws may be expressed to a certain extent by both
languages with equal clearness and precision. With
regard to the view put forward by Wurtz, that bodies in

the free state are composed of two atoms, and in support
of which view he has mentioned the reactions of

hydrochloric acid on hydride of copper, and peroxide of

hydrogen on oxide of silver, Cu.,H + HCl = CUCI2+ HH,
and Ag.,0 -\- H^O., = Ag, -f HJO + OO. M. Berthelot

deems the explanation given by M. Wurtz mere assump-
tion, without sufficient proof, tending to prevent a true

understanding of the real cause of the reaction. He also

considers that the true explanation might be found in and
explained by certain thermical considerations.

M. Berthelot passes next to a criticism of the atomic
method of expressing the reactions of certain metallic

salts with each other, and complains of the doubling of
the equivalents of certain bodies, such as CaCl.,, which
he thinks makes an unnecessary complication in the
expression of the reactions, and gives as an instance the

reaction of certain nitrates with chlorides. By the system
of equivalents, he maintains they might be expressed by
one reaction—MNOe + M'Cl = MCH- M'NO^—but that

by the atomic notation four different and distinct reactions

are necessary to express their decomposition.
M. Berthelot then alludes to the confusion he thinks

has arisen between the words law and hypothesis, in the
acceptance of Avogadro's law. In this case he maintains
that Avogadro and Ampere have enunciated, not a law,

but an hypothesis, in saying, " All gases contain the same
number of molecules in the same volume," having, in

reality, nothing by which to conceive the idea of a mole-
cule. On the other hand, he thinks the proposition,

"The densities of gases or vapours are proportional to

their equivalents," being deduced from two orders of

properties observable by experiment, may be regarded as

a true law. Partisans of the atomic notation have, he
considers, substituted for this the proposition, " Molecules
of simple gases contain the same number of atoms," and
he complains that they thus introduce two hypothetical

notions, that of the molecule, and that of the atom. On
the other hand, supporters of the system of equivalents

say, " Equivalent weights of simple or compound bodies

occupy the same volumes ;" or the volumes are to each

other in the simple ratios, 1,2, 3, 4, &c., thus :

—

I equivalent of oxygen occupies i volume.

I „ CI, H, or Hg occupies 3 volumes
I „ HCl occupies 4 volumes, &c.

M. Wurtz, on the other hand, replaces the above by the
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statement, "All gases contain the same number of mole-
cules ; " the molecule may then be formed

—

It may be by i atom, as Hg, Cd, &c.

„ 2 atoms, as H, CI, O, &c.

„ 3 „ „ Ozone.

„ 4 » ,,
I P, A, &c.

What is there in this, M. Berthelot asks, more logical than
in his own method ? or in what may it be allowed to con-
stitute a modern chemistry in distinction to that of
Lavoisier and of Gay-Lussac ?

In answer to M. Berthelot, M. Wurtz discusses in a
further communication the thermic considerations brought
forward by the former in his explanation of the
reciprocal reactions already alluded to of hydride of
copper with hydrochloric acid and peroxide of hydrogen
with other peroxides. M. Wurtz, although acknow-
ledging the value of these considerations, considers the
reasoning incomplete, by merely saying that hydride
of copper is an endothermic compound ; it would be
necessary to prove in addition why such bodies, having a
greater capacity of heat than their constituent elements,
can be formed or exist at all. He maintains that his

own ideas admit of the intervention in the thermic con-
siderations relative to the formation of such bodies as
peroxide of hydrogen, ozone, chloride of nitrogen, &c.,
the work done in doubling the molecules of oxygen, Oj,
chlorine, CL, and nitrogen, Nj ; this work causing an
absorption of heat. He brings forward the ideas of M.
Favre regarding the formation of bodies with an absorp-
tion of heat and alludes to the idea of this latter chemist
of representing free oxygen as Oo and nascent oxygen as
O, the latter being more active m consequence of being
supplied with more heat from what he calls the " segre-
gation "of the molecule. M. Wurtz concludes that the
thermical reasoning instead of being opposed to the
atomic conception materially assists it.

In passing to the iurther objections made by Berthelot
to expressing the reaction of potassium and hydrochloric
acid as

—

2HCl+K2 = 2(KCl)-f Ho,

M. Wurtz explains it as a necessity to render it comparable
to the reaction

—

2HCI -H Zn = ZnClj + Ha,

this representing 63-5 of zinc or two equivalents, having
doubled the equivalent of zinc, as also of certain other
metals for two reasons : firstly, to allow them to accord
with the law of Dulong and Petit ; and secondly, to
satisfy Avrogadro's law. M. Wurtz evidently considers M.
Berthelot in the position of almost wishing the abolition
of Dulong and Petit's law, and explains that although the
product of the specific heats into the atomic weights may
not always prove rigorously constant, still they are suffi-

ciently near, it being difficult to obtain one and the same
metal under conditions strictly comparable. He wishes
therefore to retain the law of Dulong and Petit as a check
for the determination of the atomic weights. The notation
of equivalents, he thinks, contains certain inconsistencies,
and complains that no direct response has been made by
its upholders to this point, which is really at the foun-
dation of the discussion ; they have only objected to
atomic notation as introducing vexatious complications
in expressing the reactions of mineral chemistry.
To M. Berthelot's reproach that he has confounded the

notion of a hypothesis with that of a law, M. Wurtz
replies in the following sentence :—"Je le remercie de
cette le<;on de philosophic ; mais je ne crois pas en avoir
besoin." He admits, for his own part, his knowledge that
the notion of atoms and molecules is only a hypothesis,
one which it is allowable to make on the constitution of
matter, and essentially dependent on another, that of the
existence of the ether. M. Berthelot believes the atomic
hypothesis ill-founded, as atoms and molecules have

never been seen, but for the same reason it would be as
difficult to imagine the ether. To reject this latter hypo-
thesis it would be necessary to adopt that of continuous
matter of differing degrees of density filling all space,
and M. Wurtz repeats that chemical notation, the point
in question, is independent of such hypotheses.
The notion of atoms and molecules would have to be

replaced by that of infinitely small vibrating masses, and
at the basis of the notion of equivalent quantities lies the
same idea of finite particles. What is really necessary is

the choice of exact numbers to express the relative weights
of these particles by whatever name they may be called ;

according to M. Wurtz they are of two orders : isolated,

he calls them atoms ; combined, molecules. Is this, he
asks, an ill-delined idea .''

In a discussion like the present, which has existed for

so long, and which doubtless will still be continued, it is

extremely difficult to balance accurately the arguments
used by the upholders of the different theories. Although
many and forcible reasons have been brought forward by
both contending parties, we fear that no final victory has
been gained by either side. M. Berthelot objects to the
idea of molecules and atoms, but he evidently does not
wish to exclude entirely imagination and hypothesis from
scientific reasoning, and deems, as is probably the case,

that the fundamental conceptions of the two chemical
schools may not differ so much in that matter as perhaps
M. Wurtz at present imagines.

The point on which the real difference seems to exist is,

in perceiving the true importance of such representative
conceptions, and placing them in the position they should
occupy in human knowledge. J. M. T.

THE GREENLAND FOEHN^

ONE ot the chief peculiarities of the meteorology ot

the Arctic regions, and particularly of West
Greenland, is the great variability of the temperature in

the cold part of the year. There may not only be a very

considerable variation in the average monthly temperature
from year to year, but sudden changes from the severest

cold to fresh weather, and vice versa, often occur several

times in the course of the same month.
Dr. Pfaft' has carried on meteorological observations

at Jacobshavn for twenty years, and these show that the

average temperature of 1872 was —87° C, and of 1863
- 316'^, a difference accordingly of almost 23°—an almost
inconceivable variableness to us West- Europeans ; being,

for instance, nearly as great as the difference between the

coldest winter month and the warmest summer month at

Copenhagen within the same period. The observations

referred to also exhibited the most remarkable instances

of daily variations. In February, i860, the thermometer
rose on three different occasions more than 25" C. in the

course of twenty-four hours.

These singular and sudden rises of temperature almost

always stand in connection with a veering of the wind to

south-east and east. It may appear very surprising, that

the temperature rises with the wind blowing from the high

land in the interior of Greenland, which is covered with

eternal snow and ice. We need not, therefore, be
surprised that old authors have endeavoured to explain

this phenomenon by supposed volcanoes in action, or

even by a comparatively very mild climate in the interior

of Greenland—an hypothesis which it is, however, quite

impossible to maintain on meteorological grounds. For
every continent in high latitudes must necessarily, from
the radiation of heat, be colder in its interior than at the

coast where the sea makes the climate milder.

A glance at the map shows that Greenland lies between
regions of the earth where, especially in winter, the

temperature is exceedingly different. " To the west and

> Abstract of a paper by HolTmeyer in the Danish Geographical Society's

youmai. Part I., transUted tiom Naturen of June, 1S77 iChtistianiaJ.
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south-west there occurs at this season of the year in

Labrador, the Hudson's Bay territories and the Arctic

Archipelago, so great a fall of temperature, that the mean
temperature of January sinks from —20° to — 35° C. ; to

the east and south-east, on the contrary, the Gulf Stream,
even in mid-winter, maintains the temperature in the

Atlantic at from o^ to 5" C, so that the superincumbent air

can scarcely be supposed in general to be cooled under the

freezing-point. Lying between such opposite varieties of

temperature, the climate of Greenland must necessarily

be in a high degree dependent on the prevailing direction

of the wind at every particular period ; all winds from
south by west to north-east may bring comparative cold,

but east and south-east winds, on the contrary, heat, and
this ought specially to hold good of the south-east wind,
both because it comes from the warmest part of the

neighbouring Atlantic Ocean, and also because it has the
shortest way to travel over the ice-deserts of the interior

to reach the western coast. The character of the winter

in Greenland will therefore certainly depend on whether
the south or the east wind has prevailed during the course

of it."

These explanations go a great way indeed, but still are

not altogetlaer sufficient. " Thus, when at Jacobshavn,
shortly before July, 9° C. of heat are recorded during a
south-east storm, while the normal temperature is — 12° C.

;

this high temperature cannot be derived alone from the

Atlantic nearest in the south-east to Greenland ; for it is

quite improbable that the air could have so high a tem-
perature at this season, and even if it may be supposed to

pass over Greenland in the short space of eight to ten

hours, it must by the way suffer a greater or less cooling

by contact with the cold ice masses. Indeed if we go
down to South Greenland we will there, in the month of

December, be able to observe over 14' C. of heat, a tem-
perature which we cannot simultaneously find in the

Atlantic much nearer than at the Azores, and it cannot

be supposed that the air has travelled from these islands

to Greenland with its temperature unchanged."
" There are also other properties, besides its high tem-

perature, which specially characterise the south-east

wmd in Greenland. For it appears always to be very

dry ; the snow melts away from the low country without

any running water being visible. The storm begins first

on the mountain-tops, where the snow is seen whirling

high in the air, and then it afterwards works itself down
in the fiord valleys."

These relations drew the writer's thoughts to other

regions of the earth. On the northern slopes of the Alps

a stormy southerly wind sometimes begins to blow very

suddenly, which, from the snow-covered summits, hurls

itself with irresistible force through the valleys which lead

towards the north, and throws the Alpine lakes into

frightful commotion. This wind, which is named FoeJtn,

has, although it comes from a snowy region, an unusual

warmth and dryness. Prof. Dufour has shown that

during a Fochn which raged during the 24th and 25th

September, 1866, the temperature was 6' to 9" C. over the

normal in northern Switzerland; indeed at the town of

Zug, although it lies 440 metres above the level of the

sea, the temperature was higher than it was at the same
time both north and south of the Alps. The unusual

heat and dryness of the Foehn is also shown by the cir-

cumstance that the boundary of the snow in the valleys is

seen to have receded very considerably when the storm
subsides ; it is therefore called, on that account, " the

great snow melter."

At the same time that the southerly wind is found as a
warm and dry Foelin on the northern side of the Alps,

there blows, on the other hand, on the southern slopes of

the mountains a humid sirocco, generally accompanied
by an enormous fall of snow.

Several years back Dr. Hann, of Vienna, solved this

enigma in a highly satisfactory way.

We know that the pressure of the atmosphere decreases
upwards ; when, therefore, a mass of air is forced by any
cause to raise itself from the surface of the earth to a
certain height, it will be subjected to a constantly
diminishing pressure, and will accordingly expand, but as
every expansion is a work which is accompanied by a
consumption of heat, the air is cooled as it rises. As long
as the cooling is not greater than that the air can retain

its watery vapour, the heat will, according to calculations
which have been confirmed by observations, diminish
almost exactly 1° C. for every 100 metres the air rises.

On the other hand, if the dew-point is exceeded, so that

the watery vapour forms clouds, rain, or snow, the
moisture will pass from the form of vapour to the fluid or
solid state, whereby the combined heat is set free. The
cooling from this moment proceeds much more slowly,

and it may, within the limits of which we have experience,

be stated as about ^° C. for every loo metres.

When a mass of air, on the contrary, sinks towards the
surface of the earth, it comes under higher pressure, is

compressed, and consequently heated. Its temperature
will rise more and more above the dew-point, and moisture
will, with continually increasing ease, be held dissolved in

the state of vapour. The heating during the whole
descent will be 1° C. for every 100 metres.

These physical laws explain the properties of the Foehn.
The air comes from the Mediterranean saturated with

moisture, and passes over the summits of the Alps.
" Leaving out of consideration the cooling which goes

on by the way, partly by radiation, partly by contact with

mountain masses, a simple calculation will give the result

th.at the temperature of a south wind will be about as many
half degrees Centigrade higher at the north foot of the

.'Vlps than at the south foot, as the height of the mountain
chain contains hectometres, for it is lowered half a degree
for every 100 metres ascent, but raised one degree for

every 100 metres descent."

These phenomena repeat themselves on Greenland.

The writer sketches in detail a Fochn period which lasted

eighteen to twenty days in the end of November and
beginning of December, 1875. Jacobshavn was then for

quite eight days warmer than North Italy. Upernivik,

which lies about 10° to the south of the English North
Pole Expedition's wintering station, was during the dark-

ness of the Polar night warmer than the south of France.

Unfortunately all direct observations from the unin-

habited east coast of Greenland and the nearest parts of

the Atlantic are wanting ; but it may, however, be shown
that during the period referred to a strong south-east

wind blew from the sea over the land. For the so-called

Buys-Ballot law in its simplest form teaches that the

wind always blows so that it has the greater pressure of

the atmosphere on its right, and that the more unequally

the pressure is distributed the greater is the velocity of

the wind. Now just during the days in question the

barometer was much higher in Iceland than at Davis

Straits. Over the tract lymg between these places there

had thus prevailed a strong south-east wind.

NOTES
Out of above ninety candidates, Mr. James Edward Henry

Gordon, B.A., of Caius College, Cambridge, has been selected

by the Council of the British Association to be recommended

to the Association as Mr. Griffith's successor in the important

position of Assistant Secretary.

The fiftieth Veisammluw; dadschcr Naturjorscher und Acrzte

takes place at Munich on September 18-22. The following is

the general programme :— Sept. 17, evening : Social gathering in

the large saloon of the Rathhaus. iS: General session in the

Odeon ; address of welcome from Dr. v. Pettenhofer, addresses

by Prof. Waldeyer, of Strassburg, on " C. v. Baer and his
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Importance in the History nf Evolution," and by Prof. Hackel,

of Jena, on "The Present Theory of Evolution in its Relations

to General Science." 19: Sessions of the sections. 20:

General session ; addresses by Prof. Tschermak, of Vienna, on
'

' The Early History of the Earth ;
" by Prof. Klebs, of Prague, on

" The Changes in Medical Theories during the Last Decade ;

"

and by Dr. Neumayer, of Hamburg, on "The Relations of

Meteorology to Every-day Life." Afternoon : Visits to the

scientific collections. Evening;: " Kellerfest." 21 ; Sessions

of the sections. Z2 : Addresses by Dr. Ave Lallemant, of

Liibeck, on " Animal Life on the Amazon ;
" by Prof. Giinther,

of Ansbach, on " The Latest Researches in the Mathematico-

Historical Department;" and by Prof. Virchow, of Berlin.

Expedition to the Stornbiirger See.

The forty-fifth annual meeting of the British Medical Associa-

tionwas opened on Tuesdayat Manchester. A general meetingwas

held in the concert-hall, when the president. Dr. de Bartolome,

of Sheffield, delivered an address. Dr. Wilkinson, of Man-

chester, was elected president for the ensuing year. In the

evening a reception by the president of the Association and

the Senate and Council of Owens College took place at that

institution.

The annual congress of the Royal Archceological Society of

Great Britain and Ireland was opened at Hereford on Tuesday.

After a public reception in the library and the presentation of a

congratulatory address, the Bishop of Hereford, the local presi-

dent, formally opened the proceedings. Sir Gilbert Scott deli-

vered a lecture on the cathedral, and afterwards, in the ca'hedral

itself, a historical and architectural description of the fabric.

On the same day the annual meeting of the Cambrian Archaeo-

logical Association w.is opened at Carnarvon, under the prssi-

dency of Lord Clarence Paget. The inaugural address was

delivered Ijy Prof. Babbington, who dwelt on the great advance

of archaeological science in North and South Wales. The

Bishop of St. Asaph was elected president for the ensuing year,

and the Hon. J. G. Wynn, hon. secretary for North Wales.

As we announced some weeks ago, the fifth periodical inter-

national Congress of the Medical Sciences takes place in Geneva

on the 9th to the 15th September proximo. Among other sub-

jects to be treated, we note :—Influence of alcohol on mental

disease, influence of immigration from the country to towns,

tuberculosis on the mountains and the Mediterranean coast,

physical characters of the electric discharge of the torpedo,

cerebral localisations, cause of sleep, functions of the spleen,
,

physiological antagonism.

' The German Anthropological Society holds its eighth annual

congress at Constance on September 26.

The death is announced of Mr. Robert Were Fox, F.R.S.,

of Falmouth, in his eighty-eighth year. Mr. Fox is known as

the author of various observations, especially in connection with

geology and mining. Early in the century he made important

observations on the ratio of the decrease of temperature in the

earth, and at a later period published various papers in con-

nection with magnetism and electricity. Mr. Fox was widely

known among men of science, and universally respected.

The honour of knighthood is to be conferred on Vice-Admiral

Erasmus Ommanney, C.B., F.R.S., Vice-Admiral Edward

Augustus Inglefield, C.B., F.R.S., and Rear-Admiral George

Henry Richards, C.B., F.K.S., the late Hydrographer to the

Admiralty.

A NUMBER of German scientific men have united to form a

committee for the purpose of collecting a sufiicient sura to erect

a statue qf the lately deceased botailist, Alexander Broun.

In the House of Commons, on Tuesday, Mr. A. Egerton

stated that the papers relating to the transit of Venus were in

the hands of the printers, and he hoped that it would not be

very long before they were in the hands of members.

In connection with Capt. Howgate's proposed polar colony, a

preliminary expedition in the U.S. schooner Florence was to

start from New London on July 25, under the command of Capt.

Tyson, of the Polaris. The object of the expedition is to engage

a dozen Esquimaux families to be conveyed to Robeson Straits

by the colonial expedition, to purchase dogs, native sledges, and

a supply of clothing. The place of meeting appointed is Disco,

where the colonists from America, it is hoped, will arrive early

next spring.

A LETTER has been received by Dr. G. Bennett (now in

London) from Signor D'Albertis, dated Somerset, Northern

Australia, May, 2, 1 877, in which he says, " I am ready to start

for the Fly River, New Guinea, and intend to leave in the steam

launch Neiia to-morrow morning, if the weather is fine. My
crew consists of five Chinese, three South Sea Islanders, and an

engineer. I shall write to you whenever I have an opportunity."

F'rom July I to July 14 a Dutch pilot schooner, which was

fitted out for the purpose, made a short cruise through the

North Sea, having on board five gentlemen, all members of

the Netherlands Zoological Society, who completed a series 01

about forty dredgings in different localities. Heligoland was

the farthest point reached in a northern and eastern direction.

There seems to be good reason to be satisfied with the results

which at this moment are being worked out at the Zoological

Summer Station erected at Flushing for the season of 1S77.

That youthful establishment was represented on board by three

of its committee members, Drs. Horst, Hoek, and Hubrecht.

The vessel had been put at their disposal by government.

There will be arranged at Havre on the occasion of the

forthcoming session of the French Association for the Advance-

ment of Science, an Archajological and Geological Exhibition

of Normandy. It will be divided into six'sections, one of them

relating exclusively to prehistoric ages.

Dr. Sachs, who was sent to Venezuela by the Berlin Academy

of Sciences, for the purpose of studying the electric eel in its

native haunts, and whose progress we have already chronicled,

has now returned, after an absence of ten months, with a rich

store of valuable observations, which will shortly be laid before

the academy.

Prof. Fredrick Wahlgren, who has occupied the chair of

zoology for twenty years in the University of Lund, died during

the past month in his fifty-eighth year.

The Dutch Geographical Society has received a report from

the expedition recently sent out to explore Sumattra. One

division left Padary in the middle of May for the mountainous

centre of the island. They have successfully penetrated into

these hitherto unknown regions, and describe them as of sur-

jiassing grandeur. The mountain sides are clothed to tlie very

top with a most luxuriant forest growth, almost impenetrable to

the sun's rays. The inhabitants consist of a few utterly degraded

Malays gathered together in wretched villages. The health of

the expedition is excellent.

Petermann's Mitiheilungen for August, contains an im-

portant article, with map, by Dr. .Schunke, on the navigable

water-ways of Germany, with special reference to the canals.

Dr. Polakowsky's paper on the vegetation of Costa Rica is

continued, and accompanying a large-scale chart is an account

of the examination of the mouth of the Congo by Commander
Medlicott and Lieut. Flood in 1S75. Nearly one half of the

number is occupied with Behm's monthly rcsuinl of Geographical
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news, now one of the most important features in this valuable

journal.

News has been received in Europe of an eruption of the

volcano Cotopaxi, near Quito. An immense quantity of ashes

was ejected, principally in the directon of Guayaquil, falling on

board ships sailing from Guayaquil to Panama. The distance

was, in some instances, reckoned at 1,000 miles.

During the month of July an important series of longi-

tudinal measurements have been carried out between the Bureau

des Longitudes in Paris and the konigliches geodotisches Institut

in Berlin. The difference of longitude is now based on the

mean of twelve carefully carried out observations. A series of

observations between Paris and Bonn, and between Bonn and

Berlin, which are to be undertaken during the present month,

will act as a check on the work.

We have received a " Sketch Guide to the Industrial Museum

of Glasgow," by Mr. James Paton, Superintendent of the Mu-

seum. As the museum is at present incomplete but rapidly

filling up, the Guide is only a temporary one. It is compiled on

a somewhat novel but instructive and intelligent plan.

Seydel and Co.'s hammocks, to which we referred in a

recent number, have been awarded the gold medal forexellence

at the International Horticultural Exhibition, Oporto.

We have received from the enterprising firm of Mawson and

Swan, of Newcastle, specimens of magic pens which not only

write without ink but in different colours. It is not necessary

that we should state the maty arguments advanced to prove their

vast superiority over those used at present, but it is very clear

that they will be very useful to travellers whether the arguments

in question are sound or otherwise.

At a recent meeting of the Paris Geographical Society a letter

from M. C. Wiener, who is travelling in South America at the

expense of the French Government, was read, describing his

ascent, on May 19, of Mount lUimani, whose height he makes

out to be 20,112 feet. M. Wiener reached the summit, which

he named Pic de Paris. Mr. Minchin, however, a railway

engineer, who has been taking careful measurements of some of

the South American peaks, gives the height of lUimani as

21,224, Wiener's figure being obtained by aneroid and boiling

water.

A MOVEMENT is on foot for a union of the natural history

societies in the Midland District on a similar basis to that which

has worked so well in the case of the West Riding Consolidated

Naturalists' Society. A number of societies, representing nearly

a thousand members, have given their adhesion to the move-

ment, and a meeting is to be held at the Birmingham Midland

Institute on August 28 to discuss the programme of the union,

the journal, and other matters.

The pupils of the Parisian schools, wiio have obtained prizes

in their respective classes, are to be sent on a pleasure trip to the

seaside, under the direction of several masters, who are instructed

to give them lectures on the places they may be visiting. This

idea has been formerly acted on, but is now being tried on an

enlarged scale.

The Japanese Government have built, at their own expense,

and through Japanese operatives, a war balloon. It has been

tried successfully at Tokio, and will be sent to the southern

army, which is directed against rebels. It is of thick silk,

magnificently made, and will be inflated with pure hydrogen.

Parts 50 and 60, completing the fifth volume of Mr. H. E.

Dresser's great work on " The Birds of Europe," have been

issued ; and as there is but one more volume to come we may
look forward with confidence to the completion of the entire

undertaking in the course of next year. The present issue con-

tains sixteen plates which are fully equal in accuracy and colour-

ing to any that have preceded them, the gulls and terns, of which
eight species are here figured, being especially beiutiful. A
provisional index to the five volumes now finished shows that

471 species of birds have now been figured and described.

In the last number of the Zoologische Garten it is announced
that a second specimen of Arcliaopteryx lithographica had been
discovered. Twenty years have passed since the original and
hitherto unique example of this wonderful bird of bygone
days was obtained by Ernst Haeberlein in the quarries of

I'appenheim, near Solenhofen. The second specimen, dis-

covered in the same place and by the same observer, is said to

be much more perfect than the first, and to possess the entire

head—a knowledge of which is much wanted for the better

understanding of the affinities of this extraordinary organism.

The electrical illumination of the Lyons railway station is

being completed. They are now using twelve electric lamps. This

number will be enlarged successively to twenty-four lamps, fed

with one light-producing and one light-distributing machine. It

is believed that twenty-two horse-power will give a power of

2,400 gas-lamps, using 100 litres each per hour.

In a little official guide-book to the Rothesay Royal Aqua-
rium, Mr. Barker, the curator, has brought together, in a

popular and attractive form (for non-visitors as well as visitors),

a good deal of useful information about the various fishes. The
example is worthy of imitation.

The news of the discovery of a perfect mammoth in Tomsk
is false. M. Polyakoff sent immediately by the St. Petersburg

Academy, writes that he found only a large piece of mammoth
flesh with skin and hair.

We notice in the Memoirs of the St. Petersburg Academy, vol.

xix., an interesting Russian paper byM. S. Lopatin, "Some Notes

on the Ice-sheets in the Rocks of Eastern Siberia." The paper

is the result of widely-extended observations made by the author

during his numerous travels in Eastern Siberia (basin of Vitim,

luwer Yenissei, government Krasnoyarsk, &c. ), and on the

Sakhalin Island.

The report of Dr. Schomburgk on the " Progress and

Condition of the Botanic Garden and Government Plantations "

at Adelaide, for 1876, has this year a similar feature to that of the

recently-noticed report of Kew, inasmuch as it is illustrated
;

but in the case of that of Adelaide, with eight photographic

views of different parts of the garden, external and internal

views of the new palm-house, &c. ; and a full description of this

building is given. With regard to the prosperity of the garden,

the greatest enemy. Dr. Schomburgk tells us, that it has had to

contend with has been a very severe frost. The lowest

temperature during the month of July was 28° Fahr., the lowest,

indeed, ever experienced in Australia by Dr. Schomburgk. As
might be imagined these severe frosts had a most disastrous effect

upon most of the tropical plants, more especially on species of

Fuus, many of which suffered so much that they were compelled

to be cut down to two-thirds of their size, so that it will be years

before they assume their former beauty, if ever they do. The
frost made itself felt even in the glass-houses, and blackened the

leaves of the plants standing near the glass, and the fountain

basins were all covered with ice. Amongst useful plants which

have occupied the attention of Dr. Schomburgk, the madder
(Kubia tinctorum) seems to be amongst the most successful, so

far as .its rate of growth is concerned. It is stated to grow so

vigorously about Adelaide that, " if not checked, it will become

a nuisance, spreading everywhere." Its value is stated to be

very great as a dye, and worth while cultivating, but we are under

the impression that the anihne dyes have, to a great extent, and
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are still, indeed, driving madder out of the market. Attention

will, no doubt, be centred upon other and more profitable

plants. With regard to the routine work of the gardens, that is

tlie distribution of seeds and plants, it does not compare badly

with botanic gardens of greater pretension, for we learn that

nineteen Wardian cases were dispatched during the year,

containing about 800 stove and greenhouse plants, besides which

1,500 packets of seeds were also distributed to all parts of the

world.

There is in the valley ot the Maota in Switzerland, a grotto

penetrating the mountain, and called the Lauihc/i. It had not

been explored beyond the Gorge du Loup, but recently some

venturesome young people of Illgau have traversed this passage,

and have penetrated, it is said, two whole leagues into the

mountains, crossing various cavities where human foot had never

trod before. They came at last to a deep fissure, which they

could not explore, being without cords or ladders. A society

has been formed for further exploration of the region, and the

results will be published shortly.

In a paper recently read to the Franklin Institute, Prof. Ennis

gives the excellent advice to teachers that every day when the

last half-hour of school-time arrives, the pupils should take their

seats closely in front of the teacher's table, and he should then

perform some scientific experiment, or exhibit some object of

natural history, and tell all that can well be told about it. The

pupils will make the more rapid progress in all their primary

studies in consequence. The enjoyment of these scientific

lectures is like dessert after dinner.

A PECULIAR kind of industry, that of breeding maggots, has

lately been tried in Paris. Over the soil were spread large

quantities of stale fish, dead lobsters, odorous poultry, and other

refuse of the markets, as much as half a ton of large fish being

taken on the premises in a single day. The maggots, which

soon became abundant, were carefully picked out and packed in

casks of galvanised iron, and finally were sold for fish bait and

chicken food. The remaining refuse was converted into manure.

Proximity to such an establishment could not have been very

pleasant, and exposed provisions in the neighbourhood suffered

largely from the visits of numberless flies. The police stepped

in and suppressed the manufacture.

The inhabitants of the Upper Engadine, one of the most

attractive sites in Switzerland, have passed an order forbidding

to sell or destroy a local wild-flower, which is called Edelweiss,

and well-known to botanists. The destruction was so active

that Edelweiss was fast disappearing.

The three-yearly session of the International Congress for

measuring the figure of the earth will take place at Stuttgart in

the last days of September, under the presidency of Gen. Hanez,

a Spaniard. The vice-president is Prof. Bauemfeind, late

director of Munich Polytechnic School. It is said that France

for the first time will join the Congress, and will be represented

by Capt. Mouchez and Lcewy, two members of the Bureau des

Longitudes.

The following list of candidates successful in the competition

for the Whitworth Scholarships, 1877, has been publisheil by

the Science and Art Department. William I. Last, Mecha-

nical Engineer ; F. Ogden, Mechanic ; W. F. How, Engineer

;

W. S. M'Kenzie, Engineer ; A. D. Ottewell, Draughtsman

;

D, A. Low, Engineer.

The laboratories of the experimental farm at Vincennes, be-

longing to the French National School of Agriculture, were

inaugurated the other day by the Minister of PubUc Instruction

of the French Republic.

The Report of the Royal Society of Tasmania contains among
other papers of interest several Important papers on Tasmanian
shells by the Rev. ]. E. Tenison-Woods.

The bones of the bird hitherto known as Ttthornis emuinus
recently found at Sheppey, have enabled Prof. Owen to conclude
that it was one with enormous wings, closely allied to, and much
larger than, tlie albatross. The Professor, who has a paper on
the subject in preparation, proposes to substitute a more
appropriate name than the one given by Bowerbank. The bones
are in the private collection of Mr. W. H. Shrubsole, of

Sheerness-on-Sea, by whom they were found.

Prof. Langley contributes to the American Journal of

Science and Arts for July, an interesting paper "On the possi-

bility of transit observations without personal errors."'

The Committee Report on the annual prize distribution of the

French Societe de Geographic appears in the Society's Jiulktin

for June. The recipients (to whom medals, &c., were awarded
in April) are Lieut. Cameron, M. Roudaire, MM. de Folin and
Leon Perrier, and M. Gravier ; an account is given of the

work of these investigators.

We notice the appearance of a most interesting Russian work
in the Bulletin of the Moscow Society of Friends of Natural

Science, being a " Description of the various Zoological Gardens

of Europe." The work is a collection of reports upon the most
important zoological gardens, made by zoologists ^specially sent

for that purpose, during 1876, by the Society above mentioned

and by the Society of Acclimatisation, in order to find the best

scheme for the organisation of the Zoological Gardens oi

Moscow. The introduction to the work is written by Prof.

Bogdanoff".

The additions to the Zoological Society's Gardens during the

past week include a Grivet Monkey
(
Ccrcopitlucus griseo-viridis

from Africa, presented by Mr. J. Harvey ; a Weeper Capuchin

{Cebus capticinus) from Brazil, presented by Mrs. Cameron ; a

Wood Brocket (Cervus nemorivagus) from Caura, presented

by Mr. C. C. Berington ; an Oil Bird (Sleatornis caripensis)

from Trinidad, presented by Mr. W. G. de Voeux ; a White

Goshawk {As/iir ncnw hollandiii), a Berigora Hawk {Hiiracidea

berigora) from Australia, presented by Major Spicer ; a Harpy
Eagle ( Thrasaclus harpyia), a Great-billed Rhea {Rhea macro-

rky'^icha) from Soutli America, received in exchange ; an Axis

Deer {Cen>!is axis) bom in the gardens.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Science at King's College, London.—We understand
that the Council of King's College have established a Science

Course, including those subjects which, according to the new
regulations, are required of candidates for the First B.Sc. or

for the Preliminary Science Examinations of the University of

London. Candidates for the Indian Civil Service, for the Home
Civil Service, for the Indian Public Works Department, for the

Royal Military Academy at Woolwich, and for otlier public

examinations, will find in the course the scientific subjects which
are required for those examinations. The course of study is

under the direction of Prof. W. G. Adams. In addition to

teaching and lectures in the several subjects, there will be in-

cluded in the course Demonstrations and Practical work in the

Physical, the Chemical, and the Biological Laboratories. The
subjects for first year students in this course will be Mathematics,
Elementary Mech.anics, Physics, Chemistry, Zoology, and
Botany, with practical work in each of the three laboratories.

The second year's course will include these subjects with

Geology.

Edini'.urgh.—The Summer Session has just closed. In
point of numbers the session 1876-77 has been the most pros-

perous the university has ever enjoyed, there being no fewer than
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2,350 matriculated students. Last year the number was 2,065.

The classes have consequently been large ; especially is this true

of the medical classes. For instance, the class of anatomy had

500 students on its roll. Sir Wyville Thomson's lectures were
attended by upwards of 400 students ; and Prof. Balfour had
close upon 400 students in his class.

Prof. Lister has given his last lecture. At the close, Dr.

J. B. Balfour in name of his fellow-students, expressed their

regret at losing Mr. Lister, but at the same time honoured the

motives which had led him to make the change, and wished him
all success in the new sphere of work. Prof. Lister in replying

said he felt very much gratified to find that his motives had not

been misconstrued, and that so many of the students showed by
their presence that they attributed his leaving them to a sense of

duty. He thanked them for being so courteous and attentive,

and appreciative of his efforts to teach, and wished them all

happiness and prosperity.

Taunton College School.—Sixteenth and twenty-third

in this year's list of successful candidates for Cooper's Hill are

Messrs. Salter and WooUcombe, from the Taunton College
School. This is an amusing commentary on the facts which we
recorded some weeks ago.

Berlin.—The magnificent new physiological laboratories are

now nearly completed, and will be opened to students at the

commencement of the winter semester. Prof. Dubois Raymond
takes the directorship, and will be assisted by Prof. Kronecker,

from Leipzig, and Prof. Baumann, from Strassburg, two of the

more promising young physiological chemists of Germany.
Prof. Helmholtz, who has been elected rector of the university

for the coming year, will also take possession, during the coming
autumn, of the spacious new physical laboratories which adjoin

the physiological department.

MiJNSTER.—On July 19, the academic authorities laid the

comer-stone of a spacious edifice which shall contain the lec-

ture-rooms of the professors. The chemical laboratory of the

newly-elected professor of chemistry. Dr. A. Oppenheim, is

now nearly equipped, and will be opened to students during the

coming autumn. It is reported that the Prussian Ministry of

Public Instruction has the intention of supplying the lacking

faculties of law and medicine, and of placing Miinster on an
equal basis with the other Prussian universities. The number
of students at present is 300.

Heideli;erg.—On July 27 the university authorities and
students united in a festal celebration in honour of the twenty-
fifth anniversary of the acceptance of a professorship in

Heidelberg by Robert Wilhelm Bunsen. During the evening,
one of those lengthy, picturesque, torchlight processions, so
familiar to the residents of German university towns, led by
gaily costumed marshalls, with gleaming swords, moved through
the streets, to the residence of the veteran chemist, to extend to

him the greeting of the students. Prof. Bunsen, who makes
even shorter speeches than Gen. Grant, responded in a few
modest words, accepting the honour more as a recognition of
the offerings made by the university to the cause of science and
especially of chemistry. The evening closed with the charac-
teristic Germ.in Commcrs, in which ample tribute was paid to the
eminent services of the great chemist in speech, poem, and song.
Prof. Bunsen entered as a student at Gijttingen fifty years ago.

After six years of study there and at Paris, Vienna, .and Berlin,

he became privat-docent at Gottingen, then accepted, in 1S36,
a call to the Polytechnic of Cassel, as Wcihler's successor,

removed in 1S3S to Marburg, where he became in 1841 an
ordinary professor, and from thence in 1S51 to Breslau. In 1852
he followed a call to Heidelberg, where a new laboratory was
built for him, and where he has remained despite 'many tempt-
ing offers from Beriin and other wealthier universities. 1 1 is

success as a teacher here has been unbounded, his laboratory
and auditorium being full to overflowing, and the contingent of
foreign students, from every quarter of the globe, being especially

large. With the exception of his classical researches on cacodyl,
and discovery of the antidotes for arsenious acid, most of
Bunsen's more important discoveries occurred in the Heidelberg
laboratory. These embrace researches on the absorption of
gases, on diffusion, on the electrolytic preparation of metals, on
photo-chemistry, on gasometric analysis, the invention of the
magnesium light, the Bunsen lamp and galvanic element, &c.
The most brilliant discovery of all still remains, that of spectral
analysis, made in 1S60 in company with Kirchhof, and leading
to the immediate detection of caesium and rubidium.

SCIENTIFIC SERIALS
The current number of the Journal ofAnatomy and Physiology

commences with a paper by Drs. Lawes and Gilbert on the
formation of fat in the animal body, in which from experiments
on pigs it is shown most definitely that the amount of fat pro-

duced is not dependent on the amount of nitrogenous food
ingested.^Dr. Ringer and Mr. Bury describe the influence of

salacine on the healthy body with special reference to its influence

on the temperature, in which it is demonstrated that the drug,
like quinine, produces a slight depression for a brief period only,

—Mr. T. W. Bridge WTites on the cranial osteology of Aviia
cali'a, describing in detail the osseous elements of the skull, with
a double plate illustrating it.— Prof. Rutherford and M. Vignal
continue their account of experiments on the biliary secretion of

the dog ; the action of the sulphates of sodium, magnesium,
potassium, phosphate, chloride, and bicarbonate of sodium,
bicarbonate of potassium, chloride of ammonium, nitro-hydro-

chloric acid, and mercury are discussed.— Prof. Cleland describes

a Sulu skull and gives suggestions for conducting craniological

researches.—Mr. F. M. Balfour continues his valuable study of

the development of elasmobranch fishes, completing the history

of the primitive alimentary canal.—Mr. B. T. Lowne writes on
the quantitative relation of light to sensation, as a contribution

to the physiology of the retina.—Mr. W. H. Gaskell continues

his observations on the vasomotor nerves of striated muscle, con-

ducted in the laboratory of Trinity College, Cambridge, describing

tlie normal circulation in muscle, the effects of section of the

nerve, the effects of stimulating their ends, and the nature of

vascular dilatation.

Reichert und Da Bots Reymond's Archiv, 1876, Part 4 (issued

January, 1877).—J. Steiner, researches on the influence of tem-
perature on the nerve and muscle current.—F. Boll on the

structure of the electrical plates of torpedo.—G. Colasanti,

anatomical and physiological researches on the arms of cepha-
lopods.—E. A. Babuchin, further researches on electrical and
pseudo-electric organs.

1S76, Part 5.—H. Erler, on the relation between the exha-
lation of carbonic acid and the variation of animal temperature.

—J. Hirschberg, dioptrics of the eye.—E. Dreher, on the theory
of sight.

1S76, Part 6 (issued April, 1877).—R. Hartman, contribution

to the zoology and zootomy of the anthropoid apes.—H. Frey,

on the vasomotor nerves of the extremities.—E. Hitzig, new
researches on the bram.—W. Griiber, a series of papers on
abnormalities of human anatomy.—G. Salomon, contribution to

leukhcemia.

Zeitschrift fiir wissensckaftliche Zoologie, 1877, Parts I and 2
(in one).—F. E. Schulze, on the genus Halisarca, with five

plates.—C. von Siebold, on the sexual development of urodele
larvae, referring especially to Triton al/'esiris.—F. de Filippi, on
the larva of Triton alpcstris.—A. Weismann, on the natural

history of the Daphnidos, parts 2, 3, and 4, 160 pp., with five

plates.

Part 4.—H. Simroth, anatomy and fission of Ophiactis virens,

loS pp., four plates.—H. Dewitz, on the structure and develop-
ment of the sting in ants.— L. Graff, on Neomenia and Chseto-
derma.—A. Brandt,Son the frog's ovary,"and the segmentation
of the ovum.

Vol. 29, Part I.—H. von Ihering, on the formation of ova in

mollusca.—F. Vejdovsky, on the anatomy and metamorphosis
of Tracheliastes polycolpus (parasitic copepod), three plates.—H.
Ludwig, on the anatomy of Rhizocochrinns lofotensis.—F. E.
Schulze, on sponges, part 3. Family Chondrosidaj.

I\Iorphologiiches Jahrlntch, vol. iii. Part 2.—H. von Ihering,

on the nervous system of Amphineurida and Arthrocochlidse
(gastropods).—H. Strasser, on the air-sacs of birds.—E. Calberla,
on tlie development of the spinal canal and cord in Teleosteans
and Lampreys.—O. Hertwig, further contribution on the fer-

tilisation and segmentation of the animal ovum.

Rl-'UC des Sciences Natitrelles, vol. 6, June, 1877.

—

'^'^

number contains, in addition to its extended reviews of recent

recent research in zoology, botany, and geology, articles on the

classification of the animal kingdom, by A. Villot, on diatoms,
I)y E. Guinard, on the cretaceous formation of .Southern France,
by M. Leymerie, and part of a catalogue of the terrestrial and
fluviatile molluscs of the department of L'Herault, by E.

Dubrueil.
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SOCIETIES AND ACADEMIES
Vienna

Imperial Academy of Sciences, March 15.—The secre-
tary presented the concluding parts (on Lepidoptera) of the work
on the Novara expedition.—On the sianificance of Newton's
construction of the order of colours of thin plates for the spec-
tral investigation of the interference colours, by M. Rollett. —
On the singularities of a conic-section system, by M. Igel.—On
the development history of equisettim, by M. Tomaschek.— Me-
dical observations, researches, and methods of cure, by M.
Dyer.—Reciprocal linear surface systems, by M. Weyr.

—

Studies on the polypes and jelly fish of Trieste, by M. Claus.

—

Observations on the form and finer structure of the organ in the
eel described as a testicle, by M. Frend.—On the central organ
of the nerve system of Selachians, by M. Rohon.
May II.—On the action of bromine on triamidophenol

in presence of water, by MM. Weidel and Gruber.—A modi-
fication of Sauer's sulphur determimtion, by MM. Weidel
and Schmidt.—On refraction and reflection of infinitely thin
ray-systems on spherical surfaces, by M. Lippich.—On the
discriminants of the Jacobi covariants, by M. Igel.—On
the stationary flow of electricity in a plate, with use of
straight electrodes, by M. Margules.—On the Turkish rail-

ways and their great economical importance, especially for Aus-
tria and Hungary, by M. Boue. He prophesies a great future
for Salonica when the railway will be completed direct from the
Danube along the Morava and from Vrania over Komanova to
the Vardar railway. This will afford the shortest way from
Austria to the .Egean Sea and the East.—On the influence of
low temperatures on the life power of bacteria, by M. Fisch.

—

Contribution to the cryptogam flora of the Hawaiian peninsula,
by M. Reichardt.—Theory and solution of irreducible trans-
cendent equations, by M. Grossmann.
May 17.—On the inability of propylene to combine with

water, byM. Linnemann. Even at 100° C. it unites neither with
completely formed nor with nascent water.—Contributions to
investigation of the phylogeny of plant species, by M. Ettings-
hausen.—On the normal surfaces to surfaces of the second order
along a plane section of the same, by M. Koutny.— Production of
correspondmg points of two rational plane curves, by M. Zahrad-
nik.—The northern light observations of the Austro- Hungarian
Polar Expedition, 1872-4, by M. Weyprecht.—Free oblique
projection, by M. Peschka.—Contributions to a knowledge of
Phyllopoda, by H. Brauer.—Free temperature in its connection
with external influences, by MM. Breitenlohner and Bohm.
June 7.—On an earthquake in Crete on the night of

May 14, by M. Micksche. This is the most intense in

the last three years. For forty-eight hours previously there
was great calm in air and sea, and twenty-four hours after,

violent thunderstorms occurred.—Observations on the origin-
ation of the cell-nucleus, by M. Strieker.—Small contribu-
tions to a knowledge of Annelidas : I. The hypodermis of
Lumbricida;, by M. Mojsisovics.—On a method of determining
the boiling point, by MM. Handl and Pribram.—Direct con-
struction of the contours of rotation surfaces in general oblique
projection, by M. Kuglmayr.—Theory and solution of irreducible
transcendent equations with several unknown quantities and of
higher order, by M. Grossmann.—On the distribution of fossil

organisms in India, by M. Waagen. It is shown, inter alia,

that the fresh-water formations extend far into the highlands
towards the north-east.

Paris

Academy of Sciences, July 30.—M. Peligot in the chair.

—

The following papers were read :—On the cosmic part of
meteorology, by M. Faye. He throws doubt on the hypothesis
connecting the sun-spots with magnetic variations, &c. , on the
one hand, and with actions of planets on the other, and assigns
terrestrial causes for the variations.—Consequences to be drawn
from experiments on the action of gases produced by dynamite,
with regard to meteorites and the various circumstances of their
arrival in the atmosphere, by M. Daubree. The (generic name
of Piezoglypt is applied to the cavities produced in meteorites by
the compressed gases. InUi- alia, the fused external matter of
the crust is easily carried, like sand and clay, towards the
interior of the bolide, by the gas pressure outside. An ex-
tension of cupules over the large part of the suiface indicates
rotation of the meteorite.—Researches on the tertiary strata of
Southern Europe, second part,—Tertiary strata of Vicentin, by

MM. Hebertand Munier-Chalmas.—On'an example of reduc-
tion of abelian integrals with elliptic functions, by Prof. Cayley.
—Third note on the project of formation of a Saharan
sea, by M. Cosson.—Organisation of the first scientific and
hospital station of the International African Association, by M.
de Lesseps. Arrangements have been made for establishing a
depot at Zanzibar, and an agency in Unyamwefi, so that the
first station (under M. Crespel, accompanied by MM. Cambier
and Maes) will be pretty far in the interior, perhaps on Lake
Tanganyika, or further. M. Marno goes with the expedition as
explorer.— Production of phylloxeric galls on the leaves of vine-
stocks in the south of France, by M. Mares.—A message of
sympathy was sent to M. Leverrier, who was stated to be getting
better.—Observations on chemical equivalents, compared with
corpuscular elements, by M. Baudrimont.—On a disease of the
grape observed by M. Garcin, in the Narbonnese vineyards, by
M. Macagno.—On the spectrum of the electric spark in gases
submitted to increasing pressure, by M. Wiillner. Criticisinn- a
view wrongly attributed to him by M. Cazin, he distinguishes
three modes of apparition of a continuous spectrum, according
to the nature of the gas. The first (in hydrogen alone) is

by diffusion of the spectral lines of the gas. In the
second (in carbonised gases) a continuous spectrum appears
between the lines, which finally disappear, without en-
largement. In the third (e.g., nitrogen and air), the lines
continue visible and distinguishable with the continuous spec-
trum.—On the separation of iron from chromium and uranium,
by M. Ditte. He recommends a similar treatment to that by
which M. H. Sainte-Claire Deville separates alumina from iron.—On some properties of sulphides of platina from the analytic
point of view, by M. Riban.—On a new mode of transformation
of camphor into camphene, by M. de Montgolfier.—On some
compounds of titanium, by MM. Wehrlin and Giraud.—Con-
genital ectopia of the heart ; comparison of a graphic examina-
tion of the movements of the heart and cardiography in animals
byM. Fran9ois-Franck.—On blood whose virulence resist.s the
action of compressed oxygen and that of alcohol, by M. Bert.
He is led to conclude that the blood in question contained not
only bacltriilics but septic vibrions whose corpuscular germs had
this power of resistance, though the adult organisms succumbed
to one or other of the two agents.—On the mechanism of deglu-
tition, by M. Carlet. There is an interval (though very sliort)
between the raising of the veil of the palate and the sudden
ascent of the larynx.—On some points in the embryology of
annelides, by M. Barrois.—A new type is here described,
common at Roscoff in April.—On a new genus of the family
of Tritoniades, by M. Vayssiere. It differs exteriorly from
DendroHslus only in the terminal part of its tentacles ; but there
are important internal peculiarities. The name Marionia (from
Prof. Marion) is applied to it.—On the determination of potash,
by M. Carnot. The special character of the newj method
described is isolation of potash at the very first, without precipi-
tating the other bases. This is affirmed to economise time, and
obviate a loss which is considerable where these bases are in
dominant proportions.

PageCONTENTS
Electricity in War. By H. Baden Pkitchard ^„^
The Geology of the Vienna Water Supply. By G. A. Lebour 282
A Chnturv of Discovery 284
Our Book Shelf :

—

Gritlin's " Chemical Handicraft " 28-
Letters to the Editor :

—

^

Ttie CreUceous Flora of America—J. S. Gardner 285
Automatisni.—D. Sharp 286
Local Museums.—A. R , ' 286
July Shooting Stars —W. F. Denning '.

!
.' 286

Our Astronomical Column :

—

The Total Eclipse of the Moon, August 23 287
The Variable Star x Cygni '. '. '

287
New Minor Planet '.288

Biological Notes :

Temperature of Trees 288
Laticiferous Vessels in Plants 288
Flora of Nev/ Guinea

\ 2S8
The Segmentation of the Head 28S
The Capercailzie in Northumberland ags
Evolution by Leaps , 288
The Eucalyptus in the United States 288

Evolution of Nerves and Nbrvo-Svstems, III. By George I

Romanes, M. A., FL.S (W'lM/^jM/rrt.lV/M) .289
Atoms and Equivalents 293
The Greenland Foehn 204
Notes .'295
University and Educational Intelligence 298

socjbtibs and academies
' ™



NATURE 301

THURSDAY, AUGUST 16, 1877

THE BRITISH ASSOCIATION
Plymouth, Tiesday

"T^HERE is every sign that the meeting of the British

Association for 1877 will be a very successful one as

far as attendance is concerned. It is too early in the

day to quote figures, but in the spaces of time between

the arrival of one London train and another a marked

difference may be seen in the reception-room, and the

clerks at the tables are already under a state of siege

taking subscriptions, issuing tickets, answering innu-

merable questions, and indeed converting themselves into

a long book-shelf of encyclopsdias of useful knowledge.

It is a significant fact in connection with the numbeis
who have secured their tickets for the meeting, that at

least half the reserved seats for the President's address

and the two evening discourses, have already been applied

for and appropriated. The Committee have, however,

made a very fair arrangement with regard to these places.

On the block plan of the noble Guildhall in which the

addresses are to be delivered, a line has been drawn down
the centre from the middle of the platform to the back of

the hall which is thus divided longitudinally into two
equal portions. One of these portions has been reserved

for members coming from a distance, and will not be
thrown open for general application until to-morrow. By
this arrangement local residents applying for tickets have
the advantage of priority over one another, but do not,

through living on the spot, have any advantage over

those arriving early to-morrow, which is the first day of

the meeting.
Amor.g early arrivals we noticed several familiar faces,

among which may be mentioned Prof. Williamson, the

general treasurer, Prof. Redfern, Mr. Glaisher, Mr. J.W.
L. Glaisher, Mr. Fengelly, Mr. W. Chandler Roberts,

Admiral Sir Erasmus Ommanney, K.C.B., Prof Gladstone,

Mr. Woodward, of the British Museum ; but the great

bulk of the visitors to the present meeting will be
arriving by the late trains this evening and the early

trains to-morrow (Wednesday) morning.
The following is the programme of the daily arrange-

ments for the meeting :

—

Wcducsdav, August 15.—The Address by the President,

Prof. Allen Thomson, F.R.S., 8 P.M., in the Guildhall.

T/itt7'sday, August 16.—Sectional meetings. Soiree at

8 o'clock in Guildhall.

Friday, August 17.—Sectional meetings.—Lecture in

Guildhall, 8.30 P.M., by Prof Warington Smyth, F.R.S.
Saturday, hw^vist 18.— Sectional meetings. Excursions.

Lecture to working men in Guildhall, 7 p.m., by Mr.
Preece.

Monday, August 20.—Sectional meetings. Lecture in

Guildhall, 8.30 P.M., by Prof Odling, F.R.S.
Tut-saay, August 21.— Sectional meetings.

—

Soiree in

Guildhall, 8 p.m.

Wednesday, August 22.— Sectional meetings. Con-
cluding meeting, 2 30 p.m.

'I harsday, August 23.—Excursions.
The business of the sections will not be considered until

to-morrow's meeting of the committees, but the excursions
are pretty well settled. The first excursion-day will be
Saturday next, the iSth instant, on which day there will

be four excursions, in addition to a visit to Mount
Edgcumbe, which will be thrown open to the members
of the Association by the kindness of the Earl of Mount
Edgcumbe. The other excursions are as follows :

—

I. To Lee Moor and Dartmoor. An excursion will be
made in waggonettes, by Plympton and Newnham Park,

to the Lee Moor China Clay Works, the largest in the

Vol. XVI.—No. 407

West of England. When the works have been inspected
the company will be entertained at luncheon by the
Messrs. Martin, the proprietors. After luncheon some of
the party will inspect the pre-historic remains on the
Plym, under the guidance of Mr. C. Spence Bate, F.R.S.,
one of the vice-presidents of the Association, who,
besides his well-known biological memoirs, is the author
of a most valuable work upon the remains, both historic

and prehistoric, to be found in Devon and Cornwall.
Others will visit Shell Top and Pen Beacon, from which
the most magnificent views of Devonshire may be had.
The party will be limited to one hundred, and application

for tickets, which will be free, must be made before twelve
o'clock on Friday next.

2. Another excursion for Saturday will be to the
ancient city of Exeter. This excursion is by special

invitation of the Mayor of Exeter on behalf of the citizens

and inhabitants of the neighbourhood. The company,
after visiting the Cathedral, Guildhall, and Museum, will

be entertained at luncheon by the Mayor and Corpora-
tion at four o'clock. This excursion being only by special

invitation partakes more or less of a private character,

and therefore no tickets can be applied for.

3. One of the most interesting excursions for Saturday
will be a visit to the Eddystone Lighthouse, th a Plymouth
Breakwater, and the Hamoaze, where a visit will be made
to the gunnery ship Cambridge, to witness the great gun
drill and torpedo practice, which will derive an especial

interest from the affairs going on in Eastern Europe, in

which torpedo warfare seems destined to play a hitherto

unrivalled part. After leaving the Cambridge, the

steamers which have been kindly placed at the disposal

of the Association by Sir T. Symonds, the Naval Com-
mander at this port, will go up the Hamoaze and Tamar
to the Brunei's Royal Albert Bridge at Saltash, and the

industrial Xra.mmgshX'p, iMo:otl Edgcumbe. After leaving

the Bridge the party will return down the Hamoaze, and
proceed to sea, taking the breakwater on their way : here
the work will be explained by one of the engineering staff,

after which the boats will go on to the Eddystone Light-

house, where some of the party will "land," if such it can be
called. On the way between the Breakwater and the Light-

house experiments will be made with Sir William Thom-
son's pianoforte-wire sounding apparatus, and with his

vci-y beautiful compass, which has already been described

in these pages, but which we may remind our readers

consists of a ring of aluminium which is supported from
an agate centre, moulded in an aluminium boss, by means
of a lacing of silk thread, so that the ring is kept in its

place and concentric with the pivot by the tension of the
threads. In this it bears some resemblance to the tension-

ox "spider" wheels which are now fitted to the best

bicycles. The magnetic portion of the instrument consists

of two, four, six, or eight magnetised needles of steel wire,

supported also to the ring by a lacing of silk threads. To
the outer ring is attached the card or dial, which is of

paper, and in order to prevent errors through the expansion
or contraction of this material due to variations in the

humidity of the atmosphere ; it is divided radially into

small sectors, each of which can expand or contract on
its own account, but can have no effect on its neighbours.

The advantages of this compass are extreme lightness

of the movable portion, whereby friction on the pivot is

reduced to a minimum, and variations in the direction of

m.agnetic force, however slight, are indicated by the move-
ment of the card ; and owing to the smallness of the

needles which are capable of performing the work. Sir

William Thomson's compass comes to rest very quickly

when disturbing influences are removed, and it is easily

adjusted both in its permanent and in its temporary ad-

justments. After visiting Smeaton's masterpiece of en-

gineering construction, which has stood the fury cf the

Atl.antic storms for so many years, the party will return to

Mill-Bay in time for the many private evening engage-
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ments for that day. Tickets for this excursion will be
freely given to a limited number of members, but none
can be issued after Friday the 17th instant.

4. On the same day there will be a dredging excursion

in Plymouth Sound and offing, under the direction of the

Plymouth Institution. As this district is particularly rich

in the Crustacea, echinodermata, and the rarer southern

fauna, there will no doubt be many applicants for tickets.

The boats for this excursion will leave Mill Bay pier at

ten o'clock, and the number of the tickets, which must
be applied for before twelve o'clock on Friday, will be
limited to fifty.

The excursions for Thursday, the 23rd inst., will consist

of the following :

—

1. Up the River Tamar to visit the Great Devon
Consols Copper Mines.

2. To Liskeard, the Cheese-Wring, and the Phoenix
and South Carradon Tin Mines.

3. To Totnes, Torquay, and Brixham, including visits

to Kent's Cavern, to the Brixham Caves and the experi-

mental works of Mr. Froude at Chelston Cross.

4. To Penryn, Falmouth, Penzance, and the Land's
End.
For the first two of these excursions applications for

tickets, which are limited, must be made before noon of

Wednesday, the 22nd. The Totnes and Torquay excur-

sion is by special invitation of the chairman of the TorqSay
Local Board of Health, on behalf of the inhabitants of

the town, and, as such, is of a semi-privite nature.

The " Red Lion " dinner, which is now almost as great

an institution as [the British Association itself, will come
offon Tuesday next, at five o'clock, at Farley's Menagerie,
Union Street.

As we intimated last week, Mr. John Edward Henry
Gordon, B.A., late of Cambridge, has been appointed as

the successor to Mr. Griffith. Mr. Griffith will, however,
retain office until the Dublin meeting, Mr. Gordon being
his assistant for the year, after which Mr. Gordon will be
fully installed as Assistant General Secretary.

Inaugural Address of Prof. Allkn Thomson, M.D.,
LL.D., F.R.S., F.R.S.E., President.

After the long interval of six-and-thirty years the British

Association for the Advancement of Science holds its annual

meeting, the forty-seventh since its foundation, in this beautiful

and interesting locality ; and, strangely enough, on this occasion

as on the former, it passes from Glasgow to Plymouth. We are

delighted to be assembled here, and are even surprised that

the Association has been able so long to resist the power of

attraction by which it has been gravitating towards this place.

While we are prepared to be charmed by the surpassing beauty

of its scenery, and know the deep interest of its prehistoric

vtstiges, its historic memories, and its artistic associations, we
have been frequently reminded of its scientific vigilance by the

records of its active scientific work ; and we are now ready and
anxious to witness all we can behold of its energy and success in

the application of scientitic discovery to the practical arts.

Should we, as might be expected in a place hitlierto so famous
in its relations to our naval and military history, find most pro-

minent those relating to the mechanism of war, we shall still

hope that the effect of greater perfection in the engines of de-

struction may only be the means of rendering peace more per-

manent and secure.

It is a source of regret to myself, and may be, I fear, a

cause of detriment to this meeting that the choice of a Presi-

dent should have fallen upon one whose constant occupa-
tion with very special branches of science has fitted him so

inadequ.ately for the distinguished position to which he lias been
called. I cair only derive comfort from knowing that, wherever
it may be necessary, there are many others present most able to

supply what may be wanting on my part ; and I must, therefore,

at once bespeak their assistance and your indulgence.

I have selected for the subject of the remarks which I am
about to offer for your acceptance a biological topic, namely, the
" Development of tlie Forms of Animal Life," with which my
studies have been occupied, and which has important bearings

on some of the more interesting biological questions now agitating

the scientific world. But before proceeding with the discussion

of my sjiecial subject, it is my desire to call your attention shortly
to the remarkable change in the manner of viewing biological
questions which has taken place in this country durnig the last

half century—a change so great, indeed, that it can scarcely be
fully appreciated except by those who have lived through the
period of its occurrence.

In the three earlier decades of this century it was the common
belief, in this country at least, shared by men of science as well
as by the larger body of persons who had given no special atten-
tion to the subject, that the various forms of plants and animals
recognized by naturalists in their systematic arrangements of
genera and species were permanently lixed and unalterable ; that
tliey were not subject to greater changes than might occur as
occasional variations, and that such was the tendency to the
maintenance of uniformity in their specific characters that, when
varieties did arise, there was a natural disposition to the return,

in the course of succeeding generations, to the fixed form and
nature supposed to belong to the parental stock ; and it was also
a necessary part of this view of the permanency of species that
each was considered to have been originally produced from an
individual having the exact form which its descendants ever after-

wards retained. To this scientific dogma was further added the
quasi-religious view that in the exercise of infinite wisdom and
goodness, the Creator, when He called the successive species of
plants and animals into existence, conferred upon each precisely

the organization and the properties adapting it best for the kind
of life for which it was designed in the general scheme of creation.

This was the older doctrine of "Direct Creation," of " Teleo-
logical Relation," and of " Final Causes "

; and those only who
have known the firm hold which such views had over the public
mind in past times can understand the almost unqualified appro-
bation with which the reasoning on these questions in writings
like the Bridgewater Treatises (not to mention older books on
Natural Theology) were received in their time, as well as the
very opposite feelings excited by every work which presented a
different view of the plan of creation.

On the continent of Europe, it is true, some bold speculators,

such as Goethe, Oken, Lamarck, and Geoffroy St. Hilaire, had
in the end of the last and commencement of this century broached
the doctrine that there is in living beings a continuous series of
gradations as well as a consistent and general plan of organiza-
tion ; and that tfie creation, therefore, or origin of the different

forms of plants and animals must have been the result of a
gradual process of development or of derivation one from another,

the whole standing connected together in certain causal relations.

But in Britain such views, though known and not altogetlier re-

pulsive to a few, obtained little favour, and, by some strange

process of reasoning, were looked upon by the great majority as

little short of impious questionings of the supreme power of the
Almighty.
How different is the position of matters in this respect in our

day !—when the cautious naturalist receives and adopts with the

greatest reserve the statement of fixed and permanent specific

characters as belonging to the different fonns of organized beings,

and is fully persuaded of the constant tendency to variation which
all species show even in the present condition of the earth, and
of the still greater liability to change which must have existed in

the earlier periods of its formation—when the belief prevails

that so far from being the direct product of distinct acts of

creation, the various forms of plants and animals have been
gradually evolved in a slow gradation of increasing complexity

;

and when it is recognized by a large majority of naturalists that

the explanation of this wonderful relation of connection between
previously existing and later forms is to be found in the constant
tendency to variation during development and growth, and the
perpetuation of such variations by hereditary transmission through
successive generations in the long but incalculable lapse of tiie

earth's natural mutations. These, as you must all be aware, are in

their essential features the views now known as Darwinism, which
were first simultaneously brought forward by Wallace and Darwin
in 1S5S, and which, after being more lully elaborated in the works
of the latter and ably supported by the former, secured, in the
incredibly.short space of ten or twelve years, the general approval
of a large portion of the scientific world. The change of opinion
is, in fact, now such that there are few scientific works on Natural
History, whether of a special or more general character, in which
the relation which the facts of science bear to the newer doc-
trines is not carefully pointed out ; that, with the general public

too, the words " Evolution " and " Development " have ceased
to excite the feelings, amounting almost to horror, which they at



Atigust 1 6, 1877] NATURE 303

first produced in the minds of those to whom they were equally

unfamiliar and suspicious ; and that even in popular literature

and ephemeral effusions, direct or metaphorical illustrations are

drawn in such terms of the Darwinian theory as " struggle for

existence," "natural selection," "survival of the fittest, ' "here-

dity," " atavism," and the like.

It cannot be doubted that in this country, as on the Continent,

the influence of authority had much to do with the persistence of

the older teleological views ; and, as has been well remarked by

Hackel, one of the ablest and keenest supporters of the modern
doctrine, the combined influence more especially of the opinions

held by three of the greatest naturalists and biologists who have

ever lived, viz., Linnxus, Haller, and Cuvier, men unsurpassed

in the learning of their time, and the authors of important dis-

coveries in a wide range of biological science, was decidedly

adverse to the free current of speculative thought upon the more
general doctrines of biology. And if it were warrantable to

attribute so great a change of opinion as that to which I have

adverted as occurring in my own time, to the influence of any
single intellect, it must be admitted that it is justly due to the vast

range and accuracy of his knowledge of scientific fads, the quick

appreciation of their mutual interdependence, and above all the

unexampled clearness and candour in statement of Charles

Darwin.
But while we readily acknowledge the large share which

Darwin has had in guiding scientific thought into the newer
tracks of biological doctrine, we shall also be disposed to allow

that the slow and difficult process of emancipation from the

thraldom of dogmatic opinion in regard to a system of creation,

and the adoption of large and independent views more con-

sistent with observation, reason, philosophy, and religion, has

only been possible under the effect of the (general progress of

scientific knowledge and the acquisition of sounder methods of

applying its principles to the explanation of natural phenomena.
I have already referred to Goethe, Oken, Lamarck, and Geof-

frey St. Hilaire as among the most prominent of the earlier

pioneers in the modern or reformed conceptions of biological

laws. But were it desirable to mark the progress of opinion by
quoting other authors and labourers whose contributions have
mainly supplied the materials out of which the new fabric has

been constructed, I should have to produce a long catalogue of

distinguished names, among which would be found lliose of Lyell

and Owen, as earliest shaping the doctrines and guiding opinion

in this country, Johannes Miiller and von Baer, as taking the

places of Haller and Cuvier on the Continent ; and a host of

other faithful workers in Biology belonging to the earlier part of

this century, such as those of G. Trevlranus, J. F. Meckel,

Carus, and many more.' To Huxley more especially, and to

Herbert Spencer, the greatest influence on British thought in the

same direction is to be ascribed.

Let us hope that in these times, when it has been found neces-

sary to modify the older teleological views to so great an extent,

although there may still be much that is unknown, and wide
differences of opinion in regard to the nature and sequence of

natural phenomena and the mode of their interpretation, all

naturalists will now concur in one important principle, viz., that

truthful observation and candid judgment must alone be our

guides in the interpretation of nature, and that that theory of

creation is most deserving of our adoption which is most con-

sistent with the whole body of facts carefully observed and com-
pared.

To attempt to trace, within the limits to which my remarks

must be confined, the influence which the progress of knowledge
has exercised upon the scientific and general conception of

biological doctrines would be impossible, for the modification of

opinion on these subjects has proceeded not less from the rapid

advance which our age has witnessed in the progress of general

science, especially of physics and chemistry, than from that of

departments belonging to biology itself.

Thus, to go no further than the most general laws of nature,

the whole doctrine of the conservaiion and transmutation of

force in physics, so .ably expounded to this Association by Mr.

Justice Grove, the theory of compound radicals and substitution,

with the discovery of organic synthesis, in chemistry, and the

more recent advance in speculation with regard to the molecular

' It would also be unjust to omit to mention here one ut the earliest

attempts to bring Kritish opinion into a new channel, by the remarkable
work entitled " Vestiges of Creation," which appeared in 1S44, nor to conceal

from ourselves the unmerited ridicule and obloquy attempted to be thrown
upon the author, not perhaps so much on account of the many inaccuracies

unavoidable in an attempt at the time to overtake so large a field, as directed

against the dangerous tendencies supposed to lurk in its reasoning.

constitution and properties of matter, with which we must
associate the names of our last President and of Clerk Maxwell,
in completely changing the aspect of physical and chemical
sciences within the last thirty-five years, have paved the way for

views of the constitution and (action of organised bodies very
different from those which could be formed at the time of the
first meeting of the Association in this place. And if, confining
ourselves to the department of Biology, we add the discovery by
microscopical observation of the minuter elementary forms of
organisation, more especially as flowing from the comprehensive
views of organised structure promulgated by Schleiden and
Schwann nearly forty years ago, the later discovery and investi-

gation of living protoplasmic substances, the accumulated
evidence of progressive types of animal and vegetable forms in

the succession of superimposed strata composing the crust of the
earth, the recent discoveries as to the conditions of life at great
depths in the ocean, the vast body of knowledge brought together
by the labours of anatomists and physiologists as to the structure

and functions of almost every plant and animal, and (still more,
perhaps, than any other single branch of biological inquiry) if

we note the rapid and immense progress which has been made
during the last filty years in the study of the entirely modern
science of the development of living beings—we shaU be able
to form some conception of the enormous extension in our time
of the basis of observation and fact from which biological

phenomena may now be surveyed, and from which just views
may be formed as to their mutual relations and general nature.

It is now familiarly known that almost all (if not indeed all)

the plants and animals existing on the earth's surface derive their

origin from parents or previously-existing beings whose form and
nature they closely reproduce in their life's history. By far the
greater number spring from germs in the form of visible and
know-n spores, seeds, or eggs. A few may be traced to germs,
or to vestiges of the parental body, the exact nature of which
may be doubtful ; and some, including even a certain number of

those also produced from known germs, are either constantly or

occasionally multiplied by budding, or by a process of cleavage,

or direct and visible division of the parent body.

The germ constituting the basis of new formation, whether it

have the form of spore, seed, or ovum, is of the simplest kind
of organisation, and the process by which a new plant or animal
is produced is necessarily one of gradual change and of advance
from a simpler to a more complex form and structure : it is one
of "evolution," or, as I would rather name it, "development."
But before proceeding to discuss the subject of development in

the higher animals, it is right to advert to the preliminary and
often debated question, which naturally presents itself, viz.—Do
all living or organised beings, without exception, spring from

germs, or from any kind of organised matter that has belonged

to parents ? or may there not be some, |especi.ally among the

simpler lorms (with regard indeed to which alone there has of

late been any question), which are produced by the direct com-
bination of their component elements, in the way of the so-

called spontaneous or equivocal generation, heterogenesis or

abiogenesis ?

The importance of the right solution of this problem is not

confined merely to the discovery of the mode of origin of the

lowly organisms which have been the more immediate object of

investigation by naturalists In recent times, but is one of much
wider significance, seeing that, if it shall be satisfactorily proved

or even rendered probable that in the course of cosmical

development all the various kinds of plants and animals have

been gradually produced by evolution out of pre-existing simpler

forms, and thus the whole series of organised beings in nature

has been shown to be one of hereditary connection and deriva-

tion, then it would follow that the history of the origin of the

simplest organisms may be the key to that of the first commence-
ment of life upon the earth's surface, and the explanation of the

relation in which the whole succeeding progenies stand to their

parental stocks.

From the very lucid and masterly view of this subject, given

by Prof. Huxley in his address to the Association at Liverpool,

so recently as in 1S70, in which the conclusion he formed was
based very much on the exhaustive and admirable researches of

Pasteur, I might almost have dispensed with making further

reference to it now, but for the very confident statements since

made by the supporters of the doctrine of abiogenesis, among
whom Dr. Bastian stands most prominent in this country, and

for the circumstance that the life-history of many of the lower

organisms was still imperfectly known.
During the last seven or eight years, however, renewed inves-
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ligations by most competent inquirers have followed one another

in quick succession, from a review of which we cannot but arrive

at a conclusion adverse to the theory of heterogenesis, viz., that

no development of organisms, even of the most simple kind, has

been satisfactorily observed to occur in circumstances which

entirely excluded the possibility of their being descended from

germs, or equivalent formative particles, belonging to pre-exist-

ing bodies of a similar kind. I can do no more now than name
the authors of the most conclusive experiments on this subject,

which I do nearly in the order of the publication of their re-

searches, as those of Mr. W. N. Hartley in 1S72, Messrs. Pode

and Ray Lankester in 1S73, Dr. Burdon Sanderson in that and

the following years, Dr. 'W. Roberts in 1S74, Prof Lister in

1 87 5, and most recently of Prof Tyndall, Prof. Cohn, and of

Messrs. Dallinger and Drysdale.'

But, admitting that the evidence from direct experiment is

such as entirely to shut us out from entertaining the view that

spontaneous generation occurs in the present condition of the

eaith, we are not relieved from the difficulty of explaining how
living organisms or their germs first made their appearance; nor

are we debarred from attempting to form hypotheses as to how
this may have taken place. First, upon the theory of evolution,

which, strictly carried out, supposes the more complex organisms

to be derived from the more simple, it might be held that the

condilicns affecting the combination of the primary elements of

matter into organic forms may at one time have been different

from those which now prevail ; and that, under those different

conditions, abiogenesis may have been possible, and may have

operated to lay the foundations of organic life in the simpler

forms in which it at first appeared—a state of things which can

only be vaguely surmised, but in regard to which no exact infor-

mation can be obtained. Or, secondly, evading the difficulty of

strict ci'smical evolution, we might suppose that vital conditions

may have been coeval with the first existence of physical and

chemical properties in the rest of natural bodies. But this hypo-

thesis would be exposed to the objection that, according to the

cosmical view generally held by jihysicists, the whole materials

composing the earth have originally been subject to incandescent

heat. Nor is the difficulty abolished, but only removed to a more

remote period by the supposition of the transport of germs from

another planet or their intioduction by means of meteorites or

mtteoiic dust ; for, besides the objection, arising from the cir-

cumstance that these bodies must have been subjected to a very

high temperature, we should still have everything to learn as to

the way in which the germs arose in the far distant regions of

space from which they have been conveyed.

The incompleteness of the geological record leaves us in the

dark as to the time at which the first dawnings of life appeared

in the lower strata of the earth's surface. The most recent

researches tend to carry the origin of life back to a much earlier

period than was at one time believed, and if the famous Eozooii

be admitted as evidence, even into that of the Laurentian strata.

But even if doubts should prevail with regard to the presence of

definite organised forms in the older sedimentary strata, the

occurrence in them of carbon in the form of graphite in large

quantities makes the previous existence of living organisms at

least possible, and it may be that the complete metamorphosis

which these rocks have undergone has entirely removed all

definite traces of organisation.

Nor have we the means from geological data of determining

whether the beings of the vegetable or of the animal kingdom
first made their appearance. If we adopt the view which has

for some time been entertained by physiologists that animals are

* I may refer to Dr. Eastiaii's paper in Nature of June 30, 1870, and to

Iris two works, "Ttie Origin of tfie Lowest Organisms," and "The
Beginnings of Life." Mr. Hartley's researcfies, wliicll were commenced in

1865, are descrilDed in a paper printed in tire ProcecitH^s of tfre Royal
Society for 1872, and in fiis " Lectnres on Air," 2iid edition, 1S76, where an
interesting account of the whole subject will be found. The experiments of

Mr. Pode, of Oxford, and I'r.,f. Ray Lanftester are described iir a paper on
the ''Development of Bacteria in Organic Infusions" in the Roy. Soc.

Proc. for 1873, p. 349. Dr. Burdon Sanderson's researches are contained

in the Rep rts of the Medical OfHcer of the Privy Council, and in various
papers in NATtnjE : Dr. W. Roberts's paper is printed in the Transact'ous
of the Royal Sciety for 1874, vol. clxiv. p. 457. Prof. Lister's "Contri-
bution to the Germ Theory of Putrefaction and other Fermentative
Changes," ^c. , is contained in the Transactions of the Royal Society of

Edinburgh for 1875, p. 313, and is also given in Natukk. l^rof. Tyndall's
researches are described in his papers in the Protwditigs of the Ivoyal

Society during ihe last two years. The work of Pri.f. t^'ohn, of Breslau,

entitled " Beitriige zur Biologie der Pflanzen," t873-76. contains many
memoirs bearing up in this subject, which have been partly published in

abstract in \.\tQ Microscopical Journal, in which also will be found, in a

series of conlributionr. extending from r873 to ihe present time, the interest-

ing observations i.f Mr. W. H. Dallinger and Dr. J. Drysdale.

entirely dependent, directly or indirectly, on plants for the mate-

rial which constitutes their living substance, and that plants, as

constructive agents, alone have the power to bring together the

elements of lifeless matter from such states as carbonic acid,

w.iter, and ammonia, into the condition of the living solid, the

inference would be inevitable, at least for the great majority of

the animal creation, that they must have been preceded by
plants. But pakoontology is as yet silent on this interesting

question ; and, if we consider the remarkable approach which is

made in structure and properties between the lowest and simplest

members of the two kingdoms of organic nature, so that at last

all distinction between them seems entirely to vanish, and a set

of organisms is found which partake equally of animal and vege-

table characters, or, rather, exhibit properties v/hich are common
to them both, we shall hesitate to postulate confidently for the

primitive antecedence of vegetable life, although, perhaps, in

later epochs the pre-existence of vegetables may be looked upon
as necessary to the life of more developed animal organisms.

The reflection forces itself upon us that we are just as ignorant

of the mode of first origin of all the compounds of the inorganic

elements as we are of that of living matter ; and we may there-

fore be excused if we suspend all theory and conjecture until we
shall be guided to more reliable hypotheses through the plain

track of observation and experiment.

The practical applications of the increased knowledge of

the origin of minute animal and vegetable organisms are so

numerous that it would occupy a much longer lime than is at

my disposal to give any detailed account of them ; but they are

of such immense importance in their commercial, social, and
sanitary relations that they ought never to be lost sight of.

It is now proved beyond doubt that the origin of putrefaction

and fermentation is dependent on tlie presence in the substances

which are the seat of change in these processes, or in the sur-

rounding air, of the germs of minute orgmisms of an animal

or vegetable nature, and that the maintenance of the chemical

changes in which these processes mainly consist is coincident

with and casually (if not essentially) dependent upon the growth

and multiplication of these organisms.

Prof. Lister had the merit of being the first to apply the germ-

theory of putrefaction to explain the formation of putrid matters

in the living body ; and he has founded on this theory the now
well-known antiseptic treatment of wounds, the importance of

which it would be difficult to over-estimate.

The success or failure of plans for the preservation of meat

and other articles of food without question depends on the

possibility of the complete exclusion of the germs which are the

cause of putrefaction and fermentation ; and their management
must therefore be founded on the mo^t accurate knowledge of

these organisms, and the circumstances influencing the

persistence of their vitality and the vigour of their growth.

The theory of biogenesis has also lately been the guide in the

investigation of the causes of various forms of disease, both in

the lower animals and in man, with the result of showing that

in many of them the infective substance consists in all probability

of germs of minute animal or vegetable organisms.

There is very great probability, indeed, that all the zymotic

diseases, by which we understand the various forms of fevers,

have a similar origin. As has been well remarked by Baxter in

an able paper on " The Action of Disinfectants," the analogic;

of action of contagia are similar to those of septic organisms,

not to processes simply of oxidation or deoxid.ttion. These

organisms, studied in suitable fluids, multiply indefinitely when
introduced in all but infinitesimal proportions. Tlius they ate,

as near as we can perceive, the very essence of contagia.'

Leaving, however, these and many other general questions

regarding the origin of the lowest forms of animal and vegetable

life, let us now turn our attention to the mode of development

of a new being i)i those belonging to the higher groups. The
general nature of the formative process, in all instances where

fertilised germs are produced, will be best understood by a short

sketch of the phenomena ascertained to occur in different kinds

of plants.

In the higher or phanerogamic plants it is generally well

known that the combination of two parts of the flower is neces-

sary to the production of a seed containing the embryo or young

plant. Beginning with the discoveiy of the pollen tubes by

Amici in 1823, the careful and minute investigations of a long

' For the most interesting information on this subject, I cannot do belter

than refer to the very aljle reports by Dr. Burdon Sanderson in lire

"Reports of the Medical I ttlicer of the Privy Council," 1S73, 1874. and
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line of illustrious vegetable physiologists have brought to light

the details of the process by which fertilisation is effected, and
have shown in fact how the minute tube developed from the

inner membrane of the poUen-pranule, as soon as it falls upon
the stigmatic tissue of the seed-bearing plant, insinuates itself

by a rapid process of development between the cells of the style,

and reaches at last the ovule, in the interior of which is the

embryo-sac ; how, having passed into the micropyle, or orifice of

the ovule, it makes its way to the embryo-sac ; how a minute
portion of the ftrtilising substance of the fovilla transudes from
the pollen tube into the cavity of the embryo-sac, in which by
this lime a certain portion of the protoplasm has become differ-

entiated into the germinal vesicle, thereby stimulating it to

further growth and development, the earliest phenomena of

which manifest themselves by the formation of an investing

cell- wall, and by the occurrence of cell-division, which results in

the formation of the embryo or plantule of the seed.

Thus it appears that the essential part of the process of pro-

duction in phanerogamic plants is the formation in the parent

plant of cells of two different kinds, which by themselves have
little or no independent power of further growth, but which, by
their union, give rise to a product in which the power of

development is raised to the highest degree.

By further researches it is now known that the same law
prevails in all the remaining members of the vegetable kingdom,
with the exception only of the very simplest forms.'

In viewing the reproductive process in the series of crypto-
gamic plants, two facts at once strike us as remarkable in the

modifications which are observed to accompany the formation of

a productive germ, viz. : First, that the difference between the

two productive elements becomes, as it were, more prominent,
or more highly specialised, in the cryptogamic than in the
phanerogamic plants ; and second, that in the simpler and
lower forms this difference gradually disappears till it is lost in

complete uniformity of the productive elements.
Thus in the whole trdie of the ferns and vascular crypto-

gams, in the liigher algce and fungi, in the characeii; and in

the mosses, the differentiation of the productive elements is

carried to a very high degree ; for while that belonging to the
embryo or germ presents the structure of a simple cell which
remains at rest, or in a comparatively passive state, and,
absorbing into itself the substance of the other, becomes the
seat of subsequent development ; the other, corresponding to

the pollen of the staminiferous phanerogam, is usually separated
from the place of its formation, and having undergone a peculiar
modification of structure by which it acquires active moving
cilia, it changes place, and is directed towards the germinal
structure, and coming in contact with its elementary cell, is

more or less absorbed, or lost in the fertilising process. Tlie
protoplasm of the germinal cell, thus acted on and fertilised,

then proceeds to undergo the changes of development by which
the foundation is laid for the new plant.

In the algie and fungi, however, there are gradations of the
differentiation of the two reproductive cells, which are of the
greatest in'erest in leading to a comprehension of the general
nature of the formative process. For in the lower and simpler
forms of these plants, such as the Desmidi^, Mesocarpeas, and
other Conjugate, we find that there is no distinction in structure
or form to be perceived between the two cells which unite or
undergo conjugation ; and a complete fusion or intermixture of
the two masses of protoplasm results in the production of a
single, usually spherical, mass holding the place of an embryo.
And that there is an absence of specialisation between the two
uniting cells is clearly shown iir both Dcsniuiiuiii SMi. Miwcarpus,
by the fact that the embryo or zygospore is formed in the mass
resulting from the union of the protruded portions of the two
cells ; and in more ordmary cases, as in Spirogyra, where the
embryo is formed in one of the two cells, it seems to be
indifferent in which of them it is formed.
From this, which may be regarded as the most elementary

type of new production by the union of the two cells, the transi-
tion is not a great one to the development of a progeny without
any such union. We might conjecture, then, that the capacity
for separate or individual existence extends in the lowest
organisms to the whole, or to each structural element of their
organisation, while as we rise in the scale of vegetable life (and
the same view might apply to the animal kingdom) this capacity

It will be ohser^eJ ll|;.t I leave entirely out of view the whole subject
of the mullpllcation of I^lants by budding or simple division.

is more and more divided between the two productive elements,
or, at least, is only called into full action by their combination.
The germinal element consists of a simple primordial cell,

varying in different kinds of plants, but in all of them probably
containing the essential substance protoplasm, and the most
immediate result or effect of fertilis.ation is the multiplication by
repeated fissiparous division of the previously-existing cells.

Tlie new individual resulting from this cellular growth usually
remains within the parent body, without, however, direct union
or continuity of tissue, till the embryo has attained some
advancement, as in the well-known case of the seeds of a phane-
rogam ; but there are many varieties in the mode of its disposal
among the lower plants.

A remarkable exception to the more direct relation of the
process of fertilisation to the formation of the new individual or
embryo occurs in some plants, simulating in some respects that
kind of variation in animal reproduction which has been named
alternate generation. A well-known instance of this belongs to
the vascular cryptogams. The prothallium of the ferns, for
example, results from the development of so-called spores or
unicellular buds, which are familiar as being formed in small
capsules on the lower leaf-surface ; and in this prothallium, when
it has reached a certain stage of vegetation, there are formed the
archegonia, containing the oospheres, or germ cells, which are
fertilised by the moving ciliated particles developed in the cells

of the antheridia, leading to the production of a new spore-
bearing plant.

Recent researches have also called attention to the remarkable
arrangements in phanerogamic plants for the prevention of
fertilisation of the pistils by pollen from the same flower, or even
from the same plant. In the latter case this is effected by the
separation of stamens and pistils in different flowers on the same,
or on different plants. In the former case, where both organs
occur in the same flower, the adapta' ions, whether of a mechanical
or of a physiological character, by which self-fertilisation is

prevented, as ascertained by numerous recent investigations
(among which those of Darwin are most conspicuous), are of the
most varied and often the most complicated kind.

Let us now turn to the consideration of the development of
animals, and let me say in the outset that it will be necessary for

me to confine my remarks chiefly to the higher or vertebrated
animals, and to certain parts only of the history of their develop-
ment ; more particularly the structure and formation of the ovum
or egg, its earlier developmental changes, and the relation of
these to the formation of the new animal.

I cannot enter upon the consideration of this topic without
adverting to the very recent acquisition of some of the most im-
portant facts upon which this branch of knowledge is founded

;

and I feel it to be peculiarly appropriate, in the year of his

death, to refer to a biologist whose labours contributed more
powerfully than those of any other person to give to animal
embryology the character of a systematic branch of science, and
to whom we owe some most important original discoveries,—

I

mean Karl Ernst von Eaer of Konigsberg, St. Petersburg, and
Dorpat.

Of observers who, previous to von Baer, were mainly instru-

mental in preparing the way for the creation of a more exact
modern science of embryology only two can be mentioned, viz.,

Caspar Frederick Wolff" of St. Petersburg, well known as the
author of a work entitled " Theoria Generationis," published in

' 759) t'y which the epig^nesis^ or actual formation of the organs
in a new being, was first demonstrated, and Christian Pander,
who by his researches made at Wurzburg explained, in a work
published in 1817, the principal changes by which the embryo
arises and is formed.
Von Baer was born in the Russian province of Esthonia on

February 29, 1 792. After h.aving been fifteen years professor in

the Prussian University of Konigsberg, he was called to St.

Petersburg, and having some years later been appointed to a
newly-established professorship of Comparative Anatomy and
Physiology, he remained in that city for nearly thirty years as the
most zealous and able promoter of scientific education and
research, stimulating and guiding all around him by his un-
exampled activity, comprehensive and original views, sound
judgment, and cordial co-operation. In 1S6S, at the age of
seventy-six, he retired to Dorpat, from the University of which
he had received his degree in 1814, and continued still to occupy
himself with working and writing in his favourite subjects, as

well as interesting himself in everything that was related to

educational and scientific progress, to very near the time of his
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death, which occurred on November 2S, 1876, in his eighty-fifth

year.

Although von Baer's researches, according to the light in

which we may now view them, contributed in no small degree to

the introduction of the newer views of the morphological relations

of organic structure which have culminated in the Theory of

Descent, yet he was unwilling to adopt the v'ews of Darwin
;

and one of his latest writings, comjileted in the last year of his

life, was in vigorous opposition to that doctrine.

It would have been most interesting and instructive to trace

the history of the progress of discovery in embryology from the

period of von Baer down to the present time, but such a history

would not be suitable to the purpose of this address ; and I can

only venture here, in addition to Ratbke, the colleague of Baer

in Kunigsbevg, to select two names out of the long list of dis-

tinguished workers in this field during the last forty years, viz.

:

Thomas Bischoff, of Giessen and Munich, to whom we owe the

greatest progress in the knowledge of the development of mam-
mals, by his several memoirs, appearing from 1842 to 1S54 ; and
Robert Remak, of Berlin, whose researches on the development
of birds and batrachia, appearing from 1S50 to 1855, gave
greatly-increased exactness and extension to the general study of

development.
The germinal element, from which, when fertilised, the new

animal is derived, is contained within the animal ovum or egg

—

a compact and definite mass of organic matter, in which, not-

withstanding great apparent variations, there is maintained

throughout all the members of the animal kingdom, excepting

the protozoa, which are destitute of true ova, a greater imiformity

in some respects than belongs to the germinal product of

plants.

Usually more or less spherical in form, the animal ovum
presents the essential characters of a "complete cell," in the

signification given by Schwann to that term. The germinal

substance is inclosed by an external vesicular membrane or cell-

wall. Within this covering the cdl-subsianct^ generally named
yolk or vitellus, from the analogy of the fowl's egg, corrsists, to

a greater or less extent, of a mass of protoplasm, and imbedded
in this mass, in a determirjate situation, there is found a smaller

internal vesicular body, the gcniiiual-vt'sicli: or nucleus, with its

more or less constant or variable viaciila or nucleolus.

Now the first thing which strikes us as renraikable connected
with the ovum is the very great variation in size as compared
with the entire animal, while in all of them the same simple or

elementary structure is maintained. The ovum of mammals is,

for example, a comparatively small body, of which the average

diameter is about the xiul'i' o*^ ^^i inch, and which consequently

scarcely weighs more than a very minute fraction of a grain,

which may be calculated perhaps only at the ,
.; JsTith part. And

further, in two animals differing so widely in size as the elephant

and the mouse, the weights of which may beheld to stand towards
each other in the proportion of 150,000 to I, there is scarcely

any difference in the size of the mature ovum.
On the other hand, if we compare this small ovum of the

mammal with the yolk of the egg in the common fowl, the part

to which it most nearly corresponds, it may be estimated that

the latter body would contain above three millions of the smaller

ova of a mammal.
The attribute of size, however, in natural objects ceases to

excite feelings of wonder or surprise as our knowledge of them
increases, whether that be by familiar observation or by more
scientific research. We need not, at all events, on account of

the apparent mir;uteness of the ovum of the mammrfer, or of any
ether animal, have any doubts as to the presence of a sufficient

amount of germinal substance for explaining in the most material-

istic fashiorr the transmission of the organic and other properties

and resemblances betw een the parent and offspring. For we are

led to believe, by those who have recently given their attention

to the size of molecules composing both living and dead matter,

that irr such a body as this minute ovum of the mammal, there

may be as many as five thousand billions of molecules, and even
if we restrict ourselves to the smaller gerrrrinal vesicle, and,

indeed, to the smallest germinal particle which might be made
visible by the highest microscopic enlargement, there are still

sufficient molecules for all the requirements of the most exacting
material biologist.^

^ According tu a calculation made by Mr. Scrby, the number of mole-
cules in the germinal vesicle of the mammalian ovum is such that if one
molecule were to be lost in every second of time, the whole would not be
exhausted in seventeen years. See Address to the Micrcscopic Society in

Jettrtt, 0/ Miavsccp. Sairia; vol. xv. p. 225, and Naturh, vol. xiii.

This great disparity of size is, however, connected with an
important difference in the disposition of the yolk-substance,

according to which ova may be distinguished as of two kinds

—

the large- and the small-yolked ova, between which there are

also many intermeiliate gradations. The larger yolked ova
belong to the whole tribe of birds, scaly reptiles, osseous and
cartilaginous fishes, and the ccphalopods among the inverte-

brates ; and are distinguished by the strictly germinal part or

protoplasm being collected into a small disc, known familiarly

as the cicatricula of the fowl's egg, and to be seen as a whitish

spot on that side of the yolk which naturally floats uppermost

;

while the rest of the yolk, of a deeper yellow colour, contains a

large quantity of vitelline granules or globules of a different

cheinical nature from the protoplasm.

The phenomena of embryonic development are, in the first

instance at least, 'confined to the germinal disc, and the rest of

the yolk serves in a secondary or more remote manner to furnish

materials for nourishment of the embryo an<l its accessory parts.

Thus we distinguish the germinal from the nutritive or food-yolk,

or, as the younger Van Beneden has named them, the protoplasm

and the dciiloplasm.

In the smaller ovum of the mammal, on the other hand, it seem.s

as if the whole, or nearly the whole, of the yolk were proto-

plasmic or germinal. There may be some admixture of yolk-

granules ; but there is not the marked separation or limitation

of the protoplasmic substance which is so distinct in birds, and
the earliest changes of development extend to the whole com-
ponent substance of the yolk, or, in other words, the yolk is

entirely germinal. Hence some have given the names of

meicblastic and hoh<hlastic, meaning partially and entirely

germinal, to these two contrasting forms of ova. There are

many of the invertebrate animals of which the ova present the

satrre entirely germinal arrangement as in those of mammals, and
the antpliio.Mis may be included in the same group.

The amphibia stand in some measure between the two ex-

tremes ; the purely protoplasmic or germinal part occupying one
side, and the nutritive or vitelline the other. But among the

invertebrates the gradations are often such as to make it difficult

to determine under which group the ova should be placed.

The genesis or formation of the ovum itself, if it be considered

with reference to its first origin, carries us back to a very early

period of the formation of the parent in which it is produced ;

and it is one of the most interesting problems to determine n*iat

is the source of the cells in the parent from which the ova
originally spring. All that I can venture to say at present in

regard to this point is, that the primordial ova or germs appear

in the parental body while still embryonic, at a very early period

of its development, and clearly derive their origin from a deeply-

seated part of the formative cells which are undergoing trans-

formation into the primitive organs ; but the exact seat of the

origin of the reproductive cells is still a matter of doubt.

When the ovum attains its full maturity in the ovary, the seat

of its formation within the parent, it is separated from that

organ, and when perfected proceeds to undergo embryonic deve-

lopment ; a marked difference in this respect existing between
the germinal product of the higher plants and animals.

The period of maturation of the ovum is marked in the greater

number of animals by a series of phenomena which have gene-

rally been interpreted as the extrusion or absorption of the ger-

minal vesicle ; and various observers have aetually traced the

steps of the process by which that vesicle appears to leave the

yolk and is lost to sight, or has passed into the space betwene

the yolk and its membrane in the shape of the peculiar hyaline

bodies named the polar or directing globules. But recent re-

searches, afterwards to be referred to, tend to show that some
part at least of the substance of the germinal vesicle remains to

form, when combined with the fertilising elemetrt, the newly-

endowed basis of future development.
Among the earliest changes to which the perfect animal ovum

is subject, I have first to refer to the segmentation of the germ,

a series of phenomena the observation of which has been pro-

ductive of most important results in leading to a comprehension

of the intimate nature of the formative process, and which is of

the deepest interest both in a morphological and histological

point oi view. This process, which was first distinctly observed

by Prevost and Dumas more than fifty years ago, and is now
known to occur in all animal ova, consists essentially in the

p. 332. See also Darwin on Pangenesis, in his work on "Varialions,"

Sic. (iS6S), vol. ii. p. 374, and the Review by Ray Lankester ( f Haeckel's

wolk, " Perigenesis der Blastidule," &c., in NATUiiE for 1876, p. 235, an

Ray I.ankeslcr's Essay on " Comparative Longevity," 1870.
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cleavage or splitting up of the protoplasmic substance of the

yolk, by which it becomes rapidly subdivided into smaller and
mere numerous elements, so as at last to give rise to the pro-

duction of an organised stratum of cells out of which by subse-

quent changes the embryo is formed.

The process of voIIl segmentation may at once be distinguished

as of two kinds, according as it affects in the small-yolked ova

the whole mass of the yolk simultaneously, or in the large-yolked

ova is limitfd to only one part of it. The cleavage process, in

fact, affects the geiminal and not the food yolk ; S3 that to take

the two most contrasting instances of the bird and mammal to

which I have before referred, it appears that while the mammal's
ovum undergoes entiie segmentation, this process is confined to

the substance of the cicatricula or geiminal disc of the bird's

egg. This process is essentially one of cell-division, but it is

also in some measure one of cell-formation. The best idea of its

nature will be obtained ftom a .=hort description of the total

segmentation occurring in the mammal's ovum.
When, as before mentioned, the germinal vesicle has been in

part extruded or lost to sight, the whole yolk-substance of the

ovum forms a nearly uniform mass of finely granular proto-

plasm, inclosed within the external cell-membrane. Within a

few houis later a clear nucleus has aiisen in this mass. To this

more definite form of organisation, assumed by the germinal

substance of the future animal which is about to be the subject

of the segmenting process, the name of the first segment-

sphere may be given.

By the process of clea\ age, which now begins, this first seg-

ment-sphere and its nucleus undergo division into two nucleated

spheres of smaller size, the whole substance of the yolk, in a

holoblastic ovum, such as that of the mammal, being involved

in the segmenting proces?.

The secord stage of division follows after the lapse of a few

hours, and results in the formation of four nucleated segment
spheres ; and the process of division being repeated in a certain

definite order, there result in the succeeding stages, that is, the

third, fourth, fifth, and up to the tenth, the numbers of 8, 12,

16, 24, 32, 48, 64, and 96 nucUated yolk-spheres, germ-spheres,

or formative cell."^.

In the rabbit's ovum the tenth stage is reached in less than

three daj s ; and as during that time the size of the whole ovum
has undergone very little increase, it follows that the spheres uf

each succeeding set, as ihey become more numerous, have dimi-

nished greatly in size. These segment-spheres are all destitute

of external membrane, but are distinctly nucleated ; and their

protoplasmic substance is moie or less gianular, presenting the

usual histological characters of growing cells.

By the time that segmentation has reached the seventh or

eighth stage, when 32 or 48 spheres have been formed, the ovum
has assumed the appearance of a mulberry, in which the outer

smaller spheres, closely massed together, project slightly and
uniformly over the whole surface ; while the interior of the ball

is filled vvith cells of a somewhat larger size and a more opaque
granular aspect, also resulting from the process of segmentation.

Already, however, the mutual compre-sion of the spheres or

cells on the surface, by their crowding together, has led to the

llatteniiig of their adjacent sides ; and by the time the tenth

stage is reached, when the whcle number of the cells is about

96, the more advanced superficial cells having ranged them-
selves closely together, form a nucleated cellular layer or

covering of the jolk, inclosing within tliem the larger and more
opaque cells, derived like the first .'rom the segmenting process.

In a more advanced stage, the deeper cells now referred to

having also taken the form of a lajer, there results at last the

bilaminar blastoderm or embryonic j^erminal membrane.
The process of [.arlial segmentation, such as occurs in the

bird's egg, though perhaps fundamentally the same as that of

the mammal previously described, stands in a different relation

to the parts of the whole yolk or egg, and consequently differs

in its general phenomena. The segmentation is mainly re-

stricted in the mcroblastic ova of birds to the germinal disc or

cicatricula, and does not immediately involve any part of the

larger remainder of the yolk. This takes place during the time

of the descent of the yolk through the oviduct, when the yolk

is receiving the covering of the white or albumen, the membrane
and the shell, previous to being laid—a progress which, in the

common dom.est ic fowl, usually occupies less than twenty-four

hours. Coiresprmding essentially to the more complete segni'.n-

tation of the niammal's ovum, the process leads to the same
result in the production of two layers of nucleated formative

cells in the original seat of a protoplasmic disc ; a bilaminar

blastoderm resulting as in the mammal's ovum, though in a
somewhat different relation to the yolk.

I wiil not fatigue you with a description of the details of these
phenomena, interesting as they may be, but only mention gene-
rally that they consist in the formation of deep fissures running
from the surface into the substance of the germ-disc. The first

of these fissures crosses the disc in a determin.ate direction,

dividing it into two nearly equal semicircular parts. In the next
stage another fissure, crossing the first nearly at right angles;,

produces four angular segments. Then come four intervening
radial fissures, which subdivide the four segments into eight •

and next afterwards the central angles of these eight radial seg-
ments are cut off from their peripheral portions by a different

fissure, which may be compared to one of the parallels of lati-

tude on the globe near the pole where the radial or hiivi/iaii

fissures converge. And so thereafter, by the succession and
alternation of radial and circular clefts, which, however, as they
extend outwards, come soon to lose their regularity, the whole
germinal disc is divided into the two layers of nucleated cells,

constituting the blastoderma or germinal membrane of Pander
and all subsequent embryologists.' If a laid egg be sub-
jected to the heat of incubation for eight or ten hours, the cica-

tricula, now converted into this segmented blastoderm, is found
to be considerably expanded by a rapid multiplication of its

constituent cells, and in as many more hours, by further changes
in its substance, the first lineaments of the chick begin to make
their appearance. Similar changes affect the blastoderm of the
mammal, and thus it appears that the result of segmentation,

in the bird as well as in the mammal and other animals, is the

production of an organised laminar substratum, which is the

seat of the subsequent embryoric development.
I must still request your attention to some details connected

with the process of segmentation, which bear upon the question
of the origin of the new cells, and on which recent research has
thrown a new and unexpected light.

With respect to the nature of the first segment-sphe;e of the
ovum and the source of its nucleus, as well as of the other
segment-spheres or cells which follow each other in the successive

steps of germ-su'odivision, it appears piobable from the re-

searches of several independent observers, and more especially

of Edward Van Beneden and Oscar Hertwig, that in the course

of the extrusion of the germinal vesicle, a small portion of it

remains behind in the form of a minute mass of hyaline sul stance,

to which Van Beneden has given the name of promtclms, and
that, as the result of the fertilising process, there is formed a
second similar hyaline globule or pronucleus, situated near the

surface, which gradually travels towards the centre and unites

with the first pronucleus, and that these two pronuclei, being
fused together, form the true nucleus of the first segment sphere.

According to this view the original germinal vesicle, when it dis-

appears, or is lost to sight, as described by so many embryo-
logists, is not dissipated, but only undergoes changes leading to

the formation of the new and more highly endowed nucleus of
the first embryonic or segmental sphere. It further appears that

the sub-division of each segmenting mass is preceded by a change
and division of the nucleus, and that this division of the nucleus

is accompanied by the peculiar phenomenon of a double conical

or spindle-shaped radial lineation of the protoplasm, which, if

we were inclined to speculate as to its nature, seems almost as if

it n}arked out the lii es of molecular force acting in the organising

process. These lines, however, it will be understood, if visible

with the microscope, even of the highest magnifying power yet

attained, bekng to much larger panicles than those of the sup-

posed molecules of the physicist ; but considered in connection

with what we know of the movements which frtquently precede

the act of division of the yolk-spheres, we seem in this pheno-
menon to have made some near approach to the observation of

the direction in which the molecular forces operating in organisa-

tion may be supposed to act.'-

' The more exict nature of the process of segmentation was first made
known by the interesting researches of liagge in 1841, and more especially

of Kolliker in 1S43. The phenomena of complete segmentation were first

fully described in the mammal's ovum in Eischoif 's " Description of the De-
velopment of the Rabbit," 1842, and followed out in hissucceedmg " Memoirs
on the Dog, Guinea-pig, and Roe-deer." The pheoomena of partial segmen-
tation were first made known, in their more exact form, by Kblliker's " Re-
searches on ihe Development of the Cephalopoda," published in 1S44. In

birds the process was lirst described by Uergmann in 1846. and more fully

by Costem 1840.
" The observations refened to above as to ihe division of the nucleus are

so novel and of such deep interest that I .-^m tempted 10 add here a short

abstract of their more important results from a very clear account given of

them by Dr. John PriesUey, of Owens College, Manchtsler, in ihe Journal
0/ Microsco/'icat Science for April, 1876.
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With respect to the nature of the blastoderm, the organised

celhilar siratum resulting from segmentation, and its relation to

the previous condition of the ovum on the one hand, and the

future embryo on the other, there is presented to us, by modern
research, the interesting view that the blastoderm consists, after

completion of tlie segmenting process, of two layers of cells, an
outer or upper, usually composed of smaller, clearer, and more
compact nucleated cells, named ectoJcnii, or cpiblast, and an
inner or lower, consisting of cells which are somewhat larger,

more opaque, and granular, but also nucleated, and named
• iidcidcrin, or Jiypcblast.

In the meroblastic ova, such as those of birds, the bilaminar
blastoderm is discoid and circumscribed, as it lies on the jolk
surface, and only comes to envelope the whole of the food-yolk

in the progress of later development ; while in the holoblastic

ova, and more especially in mammals, the blastoderm from the

first extends over the whole surface of the yolk, and thus forms
an entire covering of the yolk known as the " vesicular blasto-

derm ; " the space within being occupied by fluid.

Huxley long ago presented the interesting view that these two
layers are essentially the same in their morphological relations

and histological structure with the double wall of the body in

the simplest forms of animals above the protozoa ; and Haeckel
has more recently followed out this view, and supported it by
his researches in the Calcareous Sponges, and has founded upon
it his well-known Gasl?ira theory. According to this view all

animals take their origin from a form of Gastiula. In the simpler
tribes, as in the instance of the common fresh-water polype
or hydra, they proceed no further than the gastrula stage,

unless by mere enlargement and slight differentiation of the two
primitive layers of cell, representing the persistent ectoderm and
endoderm.i

If, pursuing this idea, we take a survey of the whole animal
kingdom in its long gradation of increasing complexity cf form
and structure from the simplest animal up to man himself, we
find that all the various modifications of organic structure which
present themselves are found, in the history of the individual or
ontological development of the different members of the series,

to spring originally from two cellular lamina?, ectoderm and
endoderm, the component elements of which may again
be traced back to the first segment-sphere and primitive
protoplasmic elements of the ovum.
Time does not admit of my conducting you through the chain

of obseivation and reasoning by which Haeckel seeks to con-
vince us of the universal applicability of his theory, but I cannot
avoid calling your attention to the extremely interesting relation

which has tieen shown to exist between the primary phases of
development of the ovum and the foundation of the blastoderm
in very different groups of animals, more especially by the re-

searches of Haeckel himself, of Kowalevsky, Edward Van
Beneden, and others, and which has received most efficient sup-
port from the investigations and writings of E. Ray Lankester
in our own country ; so tliat now we may indulge the well-

The researches now lererred to are those of Auerbach, Butschli, Stras-
burger, Hertwig, and Edw. Van Beneden, and the following may be stated
as the points in which they mainly agree :

—
The nucleus when about to divide elongates into a spindle-shaped body,

becomes irregular and indistinct, acquires a granular disc or zone in the
plane of its equator; this divides into two, and each half moves towards the
pole of the spindle on its own side, there being radiated lines of protoplasm
between the poles and the equatorial disc.

The disc segments are the new nuclei, and the subsequent division of the
cell takes place in the intermediate space.
Although these observers still differ in opinion upon some of the details

of this process, and especially as to the fate of the germinal vesicle, all of
them seem to agree that there are two pronuclei or distinct hyaline parts of
the yolk protoplasm, a superficial and a deep one, engaged in the formation
of the new nucleus, and both Hertwig and Van Beneden are of opinion that
the two proceed from different productive elements.
The radiated structure of the nuclei had been previously recognised by

Fol and Flemming, ar.d further observed by Oellacher.
1. Butschli s researches are published in the Noz: Act. Nat. Cur., 1S73,

aud in the Zcitschr. /iir wisscnsch. Zool., vol. xxv.
2. Auerbach's observations in his Organolo^. Stiidicn, J874.

3. Strasburger's observations in his memoir " Ueber Zell-biidung und Zell-
theilung," Jena, 1875.

4. Edward Van Beneden's researches, partly in his memoir " On the
Composition and Significance of the Egg," &c , presented to the Belgian
Academy in 1868, and more particularly in the extremely interesting pre-
liminary account of '* Researches on the Development of Mammalia," &c.,
1875 ; and in a separate paper in the Jourit. of Microscopical Science for
April. 1876.

5. Oscar Hertwig's Memoirs are contained' in the Morplwlog. Jahrbuch,
1S75, and his most interesting and novel observations in the same work, 1877.

' At this place I will only refer to one of the most recent of Haeckel's
works, in which the views alluded 10 abnve are fuUv exposed in a series of
must interesting memoirs, viz., "Studien zur Gastia:a-'lheoiie,'"Jena, 1877.

grounded expectation that, notwithstanding the many and great
difficulties which doubtless still present themselves in reconciling
various forms with the general principle of the theory, we are at

least in the track which may lead to a consistent view of the
relations subsisting between the ontogenetic, or individual, and
the phylogenetic, or race, history of the formation of animals
and of man.

'

In all animals, then, above the protozoa, the ovum presents,

in some form or other, the bilaminar structure of ectoderm and
endoderm at a certain stage of its development, this structure

resulting from a process of segmentation or cell cleavage
;

and there are three principal modes in which the doulile

condition of the layers is brought about. In one of these

it is by inward folding or invagination of a part of the single

layer of cells immediately resulting from the process of segmen-
tation that the doubling of the layers is produced ; in the
second, perhaps resolvable into the first, it may be described
rather as a process of inclosure of one set of cells within another

;

while in the third the segmented cells arranged as a single layer

round a central cavity of the ovum, divide themselves later

into two layers. But the distinction of ectodermic and endo-
dermic layers of cells is maintained, whether it be primitive

and manifested from a very early period, or acquired later by
a secondary process of differentiation. Thus, in many inverte-

brates, as also in Amfhio.xiis among the vertebrates, a distinct

invagination occurs, while in mammals, as recently shown by
Van Bcneden's most interesting observations in the rabbit's

ovum, and probably also in some invertebrates, the cells of the

ectoderm gradually spread over those of the endoderm during

the progress of segmentation, and thus the endodermic comes to

be inclosed by the eclodermic layer of cells.

From the very novel and unexpected observations of Van
Beneden it further appears that from the earliest period in the

process of segmentation in the mammal's ovum it is possible to

perceive a distinction of two kinds of segment-spheres, or celln,

and that when this process is traced back to its first stage it is

found that the whole of the cells belonging to the ectoderm are

the progeny of, or result from the division of the upper of the

two first formed segments, and that the whole of the endodermic
cells are the descendants of the lower of the two first seg-

mented cells. This, however, is not an isolated fact belonging

only to mammalian development, but one which very nearly

repeats a process ascertained to occur in a considerable number
of the lower animals, and it seems to promise the means of

greatly advancing the comprehension of the whole process of

blastodermic formation. Thus, ectoderm and endoderm, or the

primordial rudiment? of the future animal and vegetative sys-

tems of the embryo, are traced back as distinct from each

other to the first stage of segmentation of the germ.

Accepting these facts as ascertained, they may be regarded as

of the deepest significance in the phylogenetic history of animals
;

for they appear to open up the prospect of our being able to

trace transitions between the earliest embryonic forms occurring

in the most different kinds of ova, as between the discoid or

meroblastic, and the vesicular or holoblastic, through the inter-

mediate series which may be termed amphiblastic ova.

In the lowest animals, the two layers already mentioned, viz.,

ectoderm and endoderm, are the only ones known to constitute

the basis of developmental organisation ; but as we rise in the

scale of animals we find a new feature appearing in their struc-

ture which is repeated also in the history of the formation of

the blastoderm in the higher animals up to man. This consists

in the formation of an intermediate layer or layers constituting

the mcsoiierm, with which, in by far the greater number, is con-

nected the formation of some of the most important bodily

structures, such as the osseous, muscular, and vascular systems.

I will not stop to discuss the veiy difficult question of the first

origin of the mesoderm, upon which embryologists are not yet

entirely agreed, but will only remark that a view originally taken

of this subject by the acute von Baer appears more and more to

gain ground ; and it is this— that the mesoderm, arising as a

secondary structure, that is, later than the two primary layers of

ectoderm and endoderm (corresponding to the serous and mucous
layers of Pander), is probably connected with or derived from

both of these primitive layer.s, a view which it will afterwards

appear is equally important ontogenetically and phylogenetically.

^ I ought here to refer to the elaborate memoirs of Prof Semper on the

morphological relations of the vertebrate and invertebrate animals contained

in the "Arbeiten aus dem zoolog. zootom. Institut in Wiirzburg,'* T875 and
1876, in w^ich the conclusions arrived at do not coincide with the views
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But whatever may be the first origin of the mesoblast, we
know that in the vertebrata this layer, separating from between
the other two, and acquiring rapidly by its cell multiplication

larger proportions and much greater complexity than belongs to

either ectoderm or emlolerm, *pee 'ily undergoes further sub-

division and differi-niiati'in in connection with the appearance of

the embryonic urgans which arise frooi it, and in this respecr

contrasts greatly with the simplicity of structure which remains

in the developed parts of the ectodermic and endodermic layers

Thus, while the ectoderm supplies the formative materials for the

external covering or epidermis, together with the rudiments of

the central nervous organs and principal sense-organs, and the

endoderm by itself only gives rise to the epithelial lining of the

alimentary canal and the cellular part of the glands connected

with it, the mesoblast is the source of far more numerous and
complex parts, viz., the whole of the true skin or corium, the

vertebral column and osseous system, the external voluntary

muscles and connective tissue, the muscular walls o( the alimen-

tary canal, the heart and blood-vessels, the kidneys, and the

reproductive organs thus forming much the greatest bulk of the

body in the higher animals.'

There is, however, a peculiarity in the mode of the earliest

development of the mesoblast which is of great importance in

connection with the general history of the disposition of paits in

the animd body to which I must now refer. This consists in

the division of the mesoblast in all but its central part into two
laminae, an outer or upper and an inner or lower, and the

separation of these by an interval or cavity which corresponds to

the space existing between the outer wall of our bodies and the

deeper viscera ; and which from the point of view of the

vertebrate animals is callel the pleuro-peritoneal cavity, but

viewed in the more extended series of animals down to the

annuloida, may receive the more general appellation of pleuro-

splanchnic or parleto-visceral cavity, or, shortly, the ccelom.

Thus, from an early period in the vertebrate embryo, and in a

considerable number of the invertebrate, a division of the

mesoderm takes place into the somato-pleural or outer lamina,

and the splanchno-pleural or inner lumina ; the outer being the

seat of formation of the dermal, muscular, and osseous systems

—the volunto-motory of Remak ; and the inner of the muscular

wall of the alimentary canal, as well as of the contractile sub-

stance of the heart and the vascular system generally.

It is interesting to find that there is a correspondence between

the later division of the mesoderm of the higher animals derived

from the two primitive blastodermic lamina;, and the original

absence of mesodermic structure in the lowest animals, followed

by the gradual appearance, first of one layer (the external

muscular in the higher ccelenterata), and soon afterwards by the

two divisions or laminx with the intermediate ccelom.

In this account of what may be termed the organised founda-

tion of the new being, I have entered into some detail, because

I felt that our conception of any relation subsisting between the

ontogenetic history of animals and their phylogenetic evolution

can only be formed from the careful study of the earliest pheno-

mena of embryonic organisation. But, notwithstanding the many
difficulties which unquestionably still block the way, I am inclined

to think that there is great probability in the view of a common
bilaminar origin for the embryo of all animals above the protozoa,

and that the vertebrate equally with the invertebrate animals may
be shown to possess in the first stages of their blastodermic or

embryonic formation the two primitive layers of ectoderm and

entoderm.
To attempt, however, to pursue the history of the develop-

ment of animals in detail would be equivalent to inflicting upon

you a complete system of human and comparative anatomy.

But I cannot leave the subject abruptly without an endeavour

to point out in the briefest possible manner the bearing of one

or two of the leading facts in embryology upon the general

relation of ontogeny and phylogeny.

We are here brought into the contemplation of those re-

markable changes, all capable of being observed and de-

monstrated, by which the complex organisation of the body is

1 If we reserve the words ectoderm and endoderm to designate the two

layers of the primary bilaminar blcisloderm, we may apply the terms

epihiast and hypoblast to their derivatives after the formation of the

mesoderm, and indicate the relations of the whole to the secondary or

quadrilaminar blastoderm, by the accompanying Table ;

—

f
Ectoderm ... {

J^P'^ast
^

Primary "-M.^^,!.™ / Soinatopleure ...\ .Secondary
Mesode

vEndode

" \ Splanchnople

... Hypoblast....

Blastoderm.

gradually built up out of the elementary materials furnished by
the blastodermic layers,—a process which has been looked
upon by all those who have engaged in its study with the
greatest interest and admiration. And if, bv comparing these
phenomena as observed in individinN belonging to different

cla-ses and orders of animals, it is found not only that they are

not different, but on the contrary, that they present features of

the most rema'kihle resemblance and conf>rmity, we shall be
led to conclude that there is a general plan of development
proved to extend to the members of considerable gronps, and
possibly capable of being traced from one group to another.

But this is cleaily nothing else than another way of stating

that there is a similar type of structure pervading the animals

of each group, and a probability of a common type being ascer-

tained to helong to them all. The main question, therefore, to

he ans^vered is whether there is or is not a general correspond-

ence between the phenomena of development and the gralation

of type in animal structure upon which anatomists and zoologists

are agreed ; and my object will now he to hring rapidly before:

you one or two of the most marked illustrations of the corre-

spondence, drawn from the early history of development in the

higher animals.

As one of the examples of the earlier phenomena of develop-

ment I may refer to the change which is perceptible as early as

the eighteenth or twentieth hour of incubation in the chick,

and which is reproduced in the course of development of every

member of the vertebrate sub-kingdom. It consists in the

formation of cross clefts on each side of the primitive neural

cavity which divide off from each other a number of segments

of this wall in the length of the axis of the embryo. At first

there are only one or two such clefts ; but they rapidly increase

in a backward direction in the body of the embryo, and as

development proceeds they extend into the tail itself. These

are the frotavertebnc of embryologists, not corresponding, as

might at first be supposed, with the true or actual vertebrie

which are formed later, but representing in an interesting manner

transverse verttbral sfgmmts of the body, and containing within

each the elements of a great part of the structure belonging

to the body-wall afterwards to be developed, including the true

cartilaginous or osseous vertebral arches, and the muscular

plates.

This change, however, belongs to the mesodermic lamina,

and occurs in an elongated thick portion of it, which makes its

appearance on each side of the primitive neural canal between

the epiblast and the hypoblast. The transverse cleavage is

ascertained to commence near what afterwards forms the first

cervical vertebra, but does not extend into the base of the

cranium. And it is most interesting to note in this cleavage the

formation at so early a period of the succession of mctaineres

or series of similar parts, which forms a main characteristic of

vertebral organisation.

As intimately connected with the formation of the vertebral

column, the appearance of the chorda dorsalis, or notochord,

presents many points of peculiar interest in embryological

inquiries.
, j r

The notochord is a continuous median column or thread of

cellular structure, running nearly the whole length of the

rudimentary body of the embryo, and lying immediately below

the cerebro-spinal canal. It occupies in fact the centre of the

future bodies of the vertebrre. It exists as a primordial

structure in the embryo of all vertebrates, including man him-

self, and extending down to the amphioxus, and, according to

the remarkable discovery of Kowalevsky in 1S66, it is to be

found among the invertebrates in the larva of the ascidia."

In amphioxus and the cyclostomatous fishes the notochord,

growing with the rest of the body into a highly developed form,

acts as a substitute for the pillar of the bodies of the vertebrae

no vertebral bodies being developed ; but in cartilaginous and

osseous fishes various gradations of cartilaginous and osseous

structures come to surround the notochord and give nse to the

simpler forms of vertebral bodies, which undergo more anci

more distinct development in the higher vertebrates In all

instances the substance forming the vertebral bodies is deposited

on the surface of or outside the notochord and its sheath, so

that this body remains lor a time as a vestigial structure within

the vertebral bodies of the higher animals.

The observations of Kowalevsky with respect to the existence

of a notochord in the ascidia, which have been confirmed by

Kupfer and others, have produced a change httle short ot

I Mem. deVAtad. de St. Petersbmr^.^oX. x.
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revolutionary in embryolopcal and zoological views, leading as

thev do to the support of the hypothesis that the ascidia is an

earlier stage in the phylogenetic history of the mammal and

other vertebrates. The analogy between the amphioxus and

ascidian larva is certainly most curious and striking as regards

the relation of the notochord to other parts, and it is not

difficult to conceive such a change in the form and position of

the organs in their passage from the embryonic to the adult

state as is not inconsistent with the supposition that the

vertebrates and the ascidia may have had a common ancestral

form. Kowalevsky's discovery opens up at least an entirely new
path of inquiry ; and we must be prepared to modify our views

as to the entire separation of the vertebrates from the other

groups of animals, if we do not at once adopt the hypothesis

that through the ascidian and other forms the origin of the

vertebrates may be traced downwards in the series to the

lower grades of animal organisation.

The notochord extends a short way forward into the cranial

basis, and an interesting question here presents itself, beginning

with the speculations of Goethe and Oken, and still forming a

subject of discussion, whether the series of cranial or cephalic

bones is comparable to that of the vertebrce. On the whole it

appears to me that it is consistent with the most recent views of

the development and anatomy of the head to hold the opinion

that it is composed of parts which are to some extent homo-
logous with vertebral metameres.'

The history of the formation of the vertebral column presents

an interesting example of the correspondence in the development

of the individual and the race, in that all the stages which have

been referred to, as occurring in the gradual evolution of the

vertebral column in the series of vertebrates, are repeated in the

successive stages of the embryonic development of the higher

members of the series.

There is perhaps no part of the history of development in the

vertebrates which illustrates in a more striking manner the

similarity of plan which runs through the whole of them than

that connected with what I may loosely call the region of the

face and neck, including the apparatus of the jaws and gills.

The embryonic parts I now refer to consist of a series of

symmetrical pairs of plates which are developed at an early

period below the cranium, and may therefore, in stricter em-
bryological terms, be styled the subcranial plates.

Without attempting to follow out the remarkable changes

which occur in the development of the nose and mouth in

connection with the anterior set of these plates, which, from

being placed before the mouth, are sometimes named preoral^

I may here refer shortly to the history of the plates situated

behind the mouth, which were discovered by Rathke in 1826,

and formed the subject of an elaborate investigation by Reichert

in 1837.

These plates consist of a series of symmetrical bars, four in

number in mammals and birds, placed immediately behind the

mouth, separated by clefts passing through the wall of the

throat, and each traversed by a division of the great artery from

the heart ; thus constituting the type of a branchial apparatus,

which in fishes and amphibia becomes converted into the well-

known gills of these animals, whilst in reptiles, birds and

mammals they undergo various changes leading to the formation

of very different parts, which could not be recognised as having

any relation to gill structure but for the observation of their

earlier embryonic condition. The history of this part of de-

velopment also possesses great interest on account of the

extraordinary degree of general resemblance which it gives to

the embryos of the most different animals at a certain stage of

advancement—so great, indeed, that it requires a practised eye

to distinguish between the embryos of very different orders of

mammals, and even between some of them and the embryos of

birds or reptiles, as well as in connection with the transforma-

tions of the first pair of branchial apertures, which lead to the

formation of the p.assage from the throat to the ear in the higher

vertebrata. There is equal interest attached to the history of the

development of the first pair of arches which include the basis of

formation of the lower jaw with the so-called cartilas:f 0/ Affciii,

and which, while furnishing the bone which suspends the lower

jaw in reptiles and birds, is converted in mammals into the

hammer-bone of the ear.

^ See the interesting and valuable memoirs of W. K. Parker. "On the

Anatomy and Development of the Vertebrate Skull." in Trans, of Roy.
Snc. the researches of Gegenbaur, Mihalkovics, and more particularly the

Memoir by F. M, Balfour, " (In the Development of the Elasmobranchs,"
in the Jfiim. 0/ Anat, atid Physiol., vols. x. and. xi.

The other arches undergo transformations which are hardly
less marvellous, and the whole series of changes is such as never
fails to impress the embryological inquirer with a forcible idea
of the persistence of type and the inexhaustible variety of

changes to which simple and fundamental parts may be subject
in the jirocess of their development.

It is also of deep significance in connection with the foregoing
phenomena, to observe the increase in the number of the gill-

bars and apertures as we descend in the scale to the cartilaginous

fishes and lampreys, and the still further multiplication of these

metameres or repeated parts in the amphioxus ; and it is,

perhaps, also interesting to note that in the ascidia the arrange-
ment of the gills is exactly similar to that of the amphioxus.
The study of the comparative anatomy of the heart and its

mode of formation in the embryo furnishes also most striking

illustrations of the relation between ontogenetic and phylogenetic

development in the vertebrates, and is not without its applica-

tions to some of the invertebrate groups of animals.

I need only recall to your recollection the completely double
state of this organ in warm-blooded animals, by which a regular

alternation of the systemic and pulmonary circulations is secured,

and the series of gradations through the class of reptiles by
which we arrive at the undivided ventricle of the amphibian,
and the further transition in the latter animals by which we
come at last to the single heart of fishes ; and to state that in

the embryo of the higher animals the changes by which the

double heart is ultimately developed out of an extremely simple

tubular form into which it is at first moulded from the primitive-

formative cells are, in the inverse order, entirely analogous to

those which I have just now indicated as traceable in the

descending series of vertebrate animals ; so that at first the

embryonic heart of man and other warm-blooded animals is

nothing more than a rhythmically contractile v,ascular tube. By
the inflection of this tube, the constriction of its wall at certain

parts, and the dilatation at others, the three chambers are formed
which represent the single auricle, the single ventricle, and the

aortic bulb of the fish. By later changes a septum is formed to

divide the auricles, becoming completed in all the air-breathing

animals, but remaining incomplete in the higher animals so long

as the conditions of foetal life prevent the return of arterialised

blood to the left auricle. The growth of another septum within

the ventricular portion gradually divides that cavity into two
ventricles, repeating somewhat in its progress the variations

observed in different reptiles, and attaining its complete state in

the crocodile and warm-blooded animals.

I must not atteiTipt to pursue this interesting subject further,

but I cannot avoid making reference to the instructive view

presented by the embryological study of the nature of the

malformations to which the heart is subject, which, as in many
other instances, are due to the persistence of transitory conditions

which belong to different stages of progress in the development

of the embryo. Nor can I do more than allude to the interest-

ing series of changes by which the aortic-bulb, remaining single

in fishes, and serving as the channel through which the whole

stream of blood leaving the heart is passed into the gills, becomes

divided in the higher animals into the roots of the two threat vessels,

the aorta and the pulmonary artery, and the remarkable transfor-

mations of the vascular arches which proceed from the aortic-bulb

along the several branchial arches, and which, in the gills of

fishes and aquatic amphibia, undergo thatl minute subdivision

which belongs to the vascular distribution o gills, but which in

the higher non-branchiated animals are the subject of very

different and various changes in the partial obliteration of some,

and the enlargement of others, by which the permanent vessels

are produced.

These changes and transformations have for many years been

a subject of much interest to comparative anatomists, and will

continue to be so, not only from their presenting to us one of the

most remarkable examples of conformity in the plan of develop-

ment and the type of permanent or completed organisation in the

whole series of vertebrated animals, but also because of the

manifest dependence of the phenomena of their development

upon external influences and atmospheric conditions which

affect the respiration, nutrition, and modes of life of the animal.

Nor is the correspondence to which I now refer entirely limited

to the vertebrata. For here, again, through the amphioxus and

the ascidia, we come to see how an affinity may be traced

between organs of circulation and respiration which at first

appear to belong to very different types. The heart of verte-

brates is, as is well known, an essentially concentrated tonn of
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vascular development in the ventral aspect of the body ; while

the heart of the invertebrate, whether in the more concentrated

form existing in the articulata and muscula, or in a more
subdivided shape prevalent in the annelida, is most frequently

dorsal ; yet the main aoita of the vertebrates is also dorsal
;

and it is not impossible through the intermediate form of

amphioxus, to understand how the relation between the verte-

brate and the invertebrate type of the blood-vascular system

may be maintained.

But I am warned by the lapse of time that I must not attempt

to pursue these illustrations further. In the statement which

I have made of some of the more remarkable phenomena of

organic production—too long, I fear, for your endurance, but

much too brief to do justice to the subject—it has been my
object mainly to show that they are all more or less closely related

together by a chain of similarity of a very marked and unmistak-

able character ; that in their simplest forms they are indeed,

in so far as our powers of observation enable us to know them,

identical ; that in the lower grades of animal and vegetable

life they are so similar as to pass by insensible gradations into

each other ; and that in the higher forms, while they diverge

most widely in some of their aspects in the bodies belonging to

the two great kingdoms of organic nature, and in the larger

groups distinguishable within each of them, yet it is stdl possible,

from the fundamental similarity of the phenomena, to trace in

the transitional forms of all their varieties one great general pl.rn

of organisation.

In its simplest and earliest form that plan comprises a

minute mass of the common nitrogenous hydrocarbon compound
to which the name of protoplasm has been given, exhibiting

the vital properties of assimilation, reproduction, and irritability
;

the second stage in this plan is the nucleated and inclosed

conaition of the protoplasmic mass in the organised cell. We
next recognise the differentiation of two productive elements,

and their combination for the formation of a more highly-endowed
organising element in the embryonic germ-sphere or cell ; and
the fourth stage of advance in the complexity of the organising

phenomena is in the multiplication of the fertilised embryo-cell,

and its conversion into continuous organised strata, by further

histological chan^^es in which the morphological foundations of

the future embi-yo or new being are laid.

I need not now recur to the further series of complications in

the formative process by which the bilaminar blastoderm is

developed, and becomes trilaminar or quadrilaminar, but only

recall to your recollection that while these several states of tlie

primordial condition of the incipient animal pass insensibly

into each other, there is a pervading similarity in the nature of

the histological changes by which they are reached, and that in

the production of the endless variations of form assumed by the

organs .and systems of different animals in the course of their

development, the process of cell-production, multiplication .ind

differentiation remains identical. The more obvious morpholo-
gical changes are of so similar a character throughout the whole,

and so nearly allied in the dilTerent larger groups, that we are led

to regard them as placed in some very close and intimate relation

to the inherent properties of the organic substance which is their

seat, and the ever-present influence of the vital conditions in which
alone these properties manifest themselves.

The formative or organising property, therefore, resides in the

living substance of every organised cell and in each of its com-
ponent molecules, and is a necessary part of the physical and
chemical constitution of the organising elements in the conditions

of life ; and it scarcely needs to be said that these conditions

may be as varied as the countless numbers of the molecules

which compose the smallest particles of their substance. Hut,

setting aside all speculation of a merely pangenetic kind, it

appears to me that no one could have engaged in the study

of embryological development for any time without becoming
convinced that the phenomena which have been ascertained as to

the first origin and formation of textures and organs in any indi-

vidual animal are of so uniform a character as to indicate forcibly

a law of connection and continuity between them ; nor will his

study of the phenomena of development in dilTerent animals have
gone far before he is equally strongly convinced of the similarity

of plan in the development of the large: groups, and, to some
extent, of the whole. I consider it impossible, therefore, for any
one to be a faithful student of embryology, in the present state of

science, without at the same time becoming an evolutionist.

There may still be many difficulties, some inconsistencies, and
much to learn, and there may remain beyond much which we shall

never know ; but I cannot conceive any doctrine professing to

bring the phenomena of embryonic development within a general

law which is not, like the theory of Darwin, consistent with their

fundamental identity, their endless variability, their subjugation

to varying external influences and conditions, and with the

possibility of the transmission of the vital conditions and pro-

perties, with all their variations, from individual to individual,

and, in the long lapse of ages, from race to race.

I regard it, therefore, as no exaggerated representation of the

present state of our knowledge to say that the ontogenetic

development of the individual in the higher animals repeats

in its more general character, and in many of its specific

phenomena, the phylogenetic development of the race. If we
admit the progressive nature of the changes of development,
their similarity in different groups, and their common characters

in all animals, nay, even in some respects in both plants and
animals, we can scarcely refuse to recognise the possibility of

continuous derivation in the history of their origin ; and how-
ever far we may be, by reason of the imperfection of our know-
ledge of palceontology, comparative anatomy, and embryology,
from realising the precise nature of the chain of connection by
which the actual descent has taken place, still there can be little

doubt remaining in the minds of any unprejudiced student of

embryology that it is only by the employment of such an hypo-
thesis as that of evolution that farther investigation in these

several departments will be promoted so as to bring us to a

fuller comprehension of the most general law which regulates the

adaptation of structure to function in the universe.

SECTION A.

mathematical and physical.

Opening Address by the President, Prof. G. Carey
Foster, F.R.S.

When any one fears that he has accepted a duty that is too

difficult for him, or that he has allowed himself to be placed in

a position, the responsibilities of which are greater than he can

properly discharge, probably the very worst thing he can do is

to proclaim his misgivings to the world. But though I fully

believe in this rather obvious maxim, I cannot avoid sayin? that

I enter upon my duties here to-day with very great diffidence,

and that I feel the necessity of asking your indulgence at the

outset for what I fear will be my inevitable shortcomings in dis-

charging the functions of the honourable post that has been
assigned to me. And I am sure that no one who calls to mind
the names of some of those who, within recent years, have occu-

pied the Chair of this .Section, and who knows— however im-

perfectly — what those names stand for in connection with

mathematics and physics, will be surprised that I should

deprecate comparisons which might tend to degenerate into

contrasts, or that I should shrink from having my performances

measured by the standard of such predecessors. But I have

neither the right nor the desire to detain you longer with this

purely personal topic, and I therefore proceed to ask your atten-

tion to matters more closely connected with the business which
has brought us here.

The periodically recurring character of these meetings im-

avoidably suggests, at each recurrence, a retrospect at the

scientific work of the year, and an attempt to estimate the

advances which have been the result of this work. At first

sight nothing would seem to be more natural or appropriate

than that each president of a section should occupy the intro-

ductory remarks, which the custom of the Association demands
from him, with an account of the chief forward steps made
during the past year in the branches of science represented by
his Section.

Very little consideration, however, is sufficient to show that,

in the case at least of Section A, to give anything like a general

report of progress would be a task which few, if any, men could

perform single-handed. To say nothing of the enormous amouitt

of the material which is now the result of a year's scientific

activity, the varUly—or I might even say the unlikeness—of the

subjects of which this Section takes cognizance is so great that,

in most cases, it would be safe to conclude, from the mere fact

of a man being able, adequately to expound the recent advances

in one of these subjects, that he must have given so much atten-

tion to this one as to have made it impossible for him to have

followed carefully the progress of the rest.

But even supposing that all presidents of Section A were able
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to discourse with full and equal knowledge of hyper-Jacobian
surfaces, the influence of temperature on the capillary constant

of dilute sulphuric acid, or the latest improvement in the con-

struction of aneroid barometers, some consideration would still

be due to their audience. And, long-suffering as British Associa-

tion audiences have often shown themselves to be, there is no doubt
that before a tenth part could be read of a report on the year's

work on the subjects included in this Section, the room would be
cleared and most of those who came to hear about mathematics
and physics would have gone to try whether they could not find

in Section E or F something appealing more directly to the

common sympathies of mankind.
But although a serious report of progress would thus be both

impossible and unsuitable in the form of an Address to the

Section, it remains none the less true that such reports are in

themselves of the utmost scientific value, and, as has been
pointed out repeatedly, there are few ways in which the British

Association could more effectually fulfil its function of promoting
the advancement of science than by aiding in their preparation

and publication. But when one tries to think out in detail the

way in which the Association could do this, the practical diffi-

culties of the scheme are seen to be neither few nor trifling. It

may be sufficient to point out that there is no evident reason

why help of this kind should be afforded to one branch of

science rather than to another, and that the publication of reports

upon all branches would completely overtax the resources of the
Association.

In the case of some important sciences, however, the work of
reporting recent advances is alieady undertaken by other bodies,

^thus there are the "Abstracts" published monthly in the

Jourual of the Chemical Society, and there are the Zoological

KtYord, the Geological Record, and other publications of a like

nature,— but hitherto nothing of the kind has been done in this

country for those departments of science with which this Section
is specially concerned. But without attempting to commit the

Association to any burdensome outlay, or to any larger scheme
than it would be piacticable to carry out, it seems to me possible

that a systematic series of reports might be established in con-
nection with this Section which would have a very high value.

In the early volumes of the British Association's Transactions^^
find more frequently than in recent ones, reports, not merely on
some special investigation, but on the recent progress and present
state of some more or less comprehensive branch of science.

Thus in the first four volumes we find the following, among
other reports, presented to this Section :—On the Progress of
Astronomy, On the Present State of Meteorology, On the Present
State of the Science of Radiant Heat, On the Progress of Optics,

On the Magnetism of the Earth, On Capillary Attraction, On
Physical Optics, On the Recent Progress and Present Condition
of the Mathematical Theories of Electricity, Magnetism, and
Heat. Now I venture to think that this form of the activity of

the Association might with great advantage be revived and
systematised. I would suggest, as a plan that seems to me
worth consideration by the Committee of this Section, the ap-
pointment of committees charged to report to the Section
periodically on the advances made in each of the chief depart-
ments of science of which we here take cognizance. For
example, to confine myself specially to physics, we might have a
committee on Optics, a committee on Acoustics, one on Heat,
one en Electricity, and so on. It would not be in accordance
with the usages of the Association to nominate these as standing
committees, but they might be made virtually such by annual re-

appointment. I would suggest that they should not report
annually, but at intervals of perhaps five or six years, the times
being so arranged that different committees should report in

different years, the report in each case being a systematic account
of all the work of any importance done on the subject and with-
in the period to which it related. In order not to make the
work too heavy, it would probably be needful to make each
committee comparatively numerous, so that individual members
might each undertake to report upon some limited part of the
general subject. Some one member of each committee would also
require to act as editor ; his function would be not merely to put
together the detached fragments sent in by his colleagues, but to
distribute to them the materials on which they would have to
report. For this purpose it would be needful that copies of all

the important scientific periodicals relating to Physics should be
supplied to the committee ; but besides providing these and
printing the reports, I do not see that the Association need be
put to any expense ; and if it were thought well to sell the
reports independently of the yearly volumes of the Associa-

tion, probably a good part even of this expense might be
recovered.

The mutual relations subsisting between the two great groups
of sciences, which we discuss in this .Section under the names
Mathematics and Physics, offer so many deeply interesting points

for consideration that, at the risk of reminding you how
admirably and with what fulness of knowledge the same subject

has been treated by more than one of my predecessors in this

Chair, I venture to ask your attention once more to a few remarks
on this topic.

The intimate connection between Mathematics and Physics
arises out of the fact that all scientific knowledge of physical

phenomena is based upon measurements,—that is to say, upon
the discovery of relations of number, quantity and position,

of the same kind as those which form the subject matter of

mathematics. It is true that in studying physics we have to learn

much about the quality of phenomena and of the conditions

under which they occur, as well as about their purely quantitative

relations ; but even in the qualitative study of physical pheno-
mena we find it impossible to determine what is really charac-

teristic and to distinguish the essential from the accidental,

except by the aid of measurements. In fact if we take the most
elementary treatise upon any branch of physics that we can
meet with, a book it may be which aims at giving a purely

descriptive account of phenomena, we find, when we examine it,

that numberless careful measurements have been required to

establish the truth of the merely qualitative statements which it

contains- To take a simple and well-known example, the old

question whether the ascent of water in a pump was due to the

pressure of the atmosphere, or to Nature's horror of a vacuum,
was not conclusively settled by Torricelli's discovery that mercury
would not rise beyond a certain height in a glass lube, even to

prevent a vacuum being formed at the top of it, for the same
thing was already known about the water in a pump. But, when
he measured the height of the mercury-column in his tube and
found that if he multiplied it by the specific gravity of mercury,

the product was equal to thirty-two feet, the height to which,

as Galileo said (probaby between jest and earnest) nature's

abhorrence of a vacuum in a pump extended, it was clear that

the ascent both of water and of mercury depended upon the

particular depth of each liquid that was needed to produce
some definite pressure ; and when Pascal had persuaded his

brother-in-law to carry a Torricelli's tube to the top of the Puy de
Dome, and he had measured the height of the mercury-column
at the top of the mountain as well as at the foot, the proof was
completed that the pressure which determined the height of

both the water and the mercury was the pressure of the

atmosphere.

Again, let us examine a still more familiar phenomenon, the

falUng of heavy bodies to the ground. So long as we
consider this merely under its general, or, as we may call them,

its qualitative aspects, we might reasonably infer that it is the

result of some inherent tendency of bodies ; and, so far from
its seeming to be true, as stated in Newton's " First Law of

Motion," that bodies have no power to alter their condition of

rest or of motion, we might infer that however indifferent they

may be as to horizontal motion, they have a distinct tendency

to move downwards whenever they can, and a distinct disincli-

tion to move upwards. But when we measure the direction in

which bodies tend to fall and the amount of the tendency in

different places, and find that these vary in the way that they

are known to do with geographical position and distance from
the sea level, we are obliged to conclude that there is no inherent

tendency to motion at all, but that falling is the result of some
mutual action exerted between the earth and the falling body.

For if we suppose falling to be due to any internal cause, we
must imagine something much more complicated than a mere
tendency to motion in one direction, else, how could a stone that

has alwaysfallen in one direction in England, fall in almost exactly

the opposite direction as soon as it is taken to New Zealand ?

These two simple examples illustrate a principle that we meet
with throughout Physics: namely that, in the investigation of the

causes of physical phenomena, or in other words, of the connec-

tion between these phenomena and the conditions under which
they occur, the really decisive guidance is afforded by the study

of their measurable aspects.

The consequence is that from the very outset of his investi-

gations the physicist has to rely constantly on the aid of the

mathematician, for even in the simplest cases, the direct results

of his measuring operations are entirely without meaning until

they have been submitted to more or less of mathematical
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discussion. And when in this way some interpretation of the

experimental results has been arrived at, and it has been proved
that two or more physical quantities stand in a definite relation

to each other, the mathemntician is very often able to infer,

from the existence of this relation, that the quantities in question

also fulfil some other relation, that was previously unsus-

pected. Thus when Coulomb, combining the functions of

experimentalist and mathematician, had discovered the law of

the force exerted between two particles of electricity, it became
a purely mathematical problem, not requiring any further experi-

ment, to ascertain how electricity is distributed upon a charged

conductor, and this problem has been solved by mathematicians

in several cases.

It thus happens that a very large part of our knowledge of

physics is due in the first instance to the mathematical discussion

of previous results, and is experimental only in the second, or

perhaps still more remote degree.

Another way in which the mathematician co-operates in the

discovery of physical truths is almost exactly the converse of

that last-mentioned. In very many cases the most obvious and
direct experimental method of investigating a given problem
is extremely difficult, or for some reason or other untrustworthy.

In such cases the mathematician can often point out some
other problem more accessible to experimental treatment, the

solution of which involves the solution of the former one.

For example, if we try to deduce from direct experiments the

law according to which one pole of a magnet attracts or repels

a pole of another magnet, the observed action is so much
complicated with the effects of the mutual induction of the

magnets and of the forces due to the second pole of each

magnet, that it is next to impossible to obtain results of any
great accuracy. Gauss, however, showed how the law which
applied in the case mentioned can be deduced from the deflec-

tions undergone by a small suspended magnetic needle when
it is acted upon by a small fixed magnet placed successively in two
determinate positions relatively to the needle ; and being an
experimentalist as well as a mathematician, he showed likewise

how these deflections can be measured very easily and with

great precision.

It thus appears not only that mathematical investigations

have aided at every step whereby the present stage in the

development of a knowledge of physics have been reached,

but that mathematics has continually entered more and more
into the very substance of physics, or, as a physiologist might
say, has been assimilated by it to a greater and greater extent.

Another way of convincing ourselves how largely this process

has gone on would be to try to conceive the effect of some intellec-

tual catastrophe, supposing such a thing possible, whereby all

knov/ledge of mathematics should be swept away from men's
minds. Would it not be that the departure of mathematics
would be the destruction of physics ? Objective physical pheno-
mena would, indeed, remain as they are now, but physical

science would cease to exist. We should no doubt see the same
colours on looking into a spectroscope or polariscope, vibrating

strings would produce the same sounds, electrical machines
would give sparks, and galvanometer needles would be deflected

;

but all these things would have lost their meaning ; they would
be but as the dry bones—the disjecta membra—of what is now
a living and growing science. To follow this conception further,

and to try to image to ourselves in some detail what would be

the kind of knowledge of physics which would remain possible,

supposing all mathematical ideas to be blotted out, would be
extremely interesting, but it would lead us directly into a dim
and entangled region where the subjective seems to be always
passing itself off for the objective, and where I at least could

not attempt to lead the way, gladly as I would follow any one
who could show where a firm footing is to be found. But
without venturing to do more than look from a safe distance

over this puzzling ground, we may see clearly enough that

mathematics is the connective tissue of physics, binding what
would else be merely a list of detached observations into an
organised body of science.

In my opinion, however, it would be a very serious miscon-
ception to suppose that on this account an elaborate apparatus
of technical mathematics is in general needful for the proper
presentation of physical truths. The ladders and ropes of

formula; are no doubt often essential during the building up of a
newly-discovered physical principle, but the more thoroughly the
building is finished, the more completely will these signs that it

is still m progress be cleared away, and easy ascents be
provided to all parts of the edifice. In an address delivered

from the Chair of this Section four years ago. Prof. Henry
.Smith quoted the saying of an old French geometer, "that a
mathematical theory was never to be considered complete till

you had made it so clear that you could explain it to the first

man you met in the street." Very likely Prof Smith was right

to call this "a brilliant exaggeration," at any rate 1 know of no
reason for disputing his opinion, but I believe the exaggeration
would really be very small if the dictum were applied to the
theories cf physics instead of to those of pure mathematics.
When a physical principle or theory is grasped with thorough
clearness, I believe it is possible to explain it to the man in

the street ; only he must not be hurrying to catch a train ; and
it would, I think, be difficult to find a more wholesome maxim to

be kept in mind by those of us whose business it is to teach physics,

than that we should never think we understand a principle till we
can explain it to the man in the street. I do not say that our modes
of exposition should always be r.dapted to him, for as a rule, he
forms but a small part of our audience, but even when the

conditions are such that a teacher is free to avail himself to the

fullest extent of mathematical methods, I believe he would find

his mathematical discussions gain marvellously in freshness and
vigour if he had once made up his mind how he would treat his

."subject supposing all use of mathematical technicalities denied
him.

So far, in considering the mutual relations of mathematics
and physics, I have placed myself, as it was natural for me to

do, at a physical point of view, and, starting from the fact that

the existence and progress of the latter science are essentially

dependent upon help derived from the former, I have tried to

point out somef of the ways in which this help is rendered. If

we turn now to inquire in what light the relations between the

two sciences appear from the side of mathematics, we find that

mathematicians are not slow to admit the advantages which their

science derives from contact with physics. It was a saying of

Fourier that "a more attentive study of nature is the most
fruitful source of mathematical discoveries;" and Prof. Henry
Smith, in the Address I have already referred to, says that
'

' probably by far the greater part of the accession 5 to our mathe-
matical knowledge have been obtained by the efforts of mathe-
maticians to solve the problems set to them by experiment."
V\'e may perhaps regard such expressions as equivalent to the

statement that the law of inertia is not without application even
to the mind of the mathematician, and that it, too, continues to

move in a straight line *' except in so far as it may be compelled
by impressed forces " to change its direction ; or, to put the

matter a little differently, may we not look upon the fact as

illustrating what is probably a general principle of mental action,

namely, that the human mind has no more power to create an
idea tlian the hand has to create matter or energy—our seemingly
most original conceptions being in reality due to suggestions

from without ? But however this may be, the fact remains that

the origin of many most important mathematical theorems, and
even entire departments of mathematics, can be distinctly traced

to the attempt to express mathematically the observed relations

among physical magnitudes. By way of illustration of this

statement, it may suffice to refer to the well-known cases of the

theory of Auctions, to Fourier's theorem and the doctrine of har-

monic analysis, to spherical harmonics, and to the theory of the

potential.

The way in which physics reacts, so as to promote the advance-

ment of a knowledge of mathematics, finds in many respects a

close parallel in the influence exerted by the practical industrial

arts on the progress of physics. This influence shows itself very

distinctly, first, in the new conceptions and new points of view
which practical pursuits supply to scientific physics, and, secondly,

in the new subjects and opportunities which they offer for physical

investigation.

A very remarkable and important example of the former kind

of influence is afforded by the idea of Work and the correlative

one of Energy. These ideas, which have been found to have a

most far-reaching significance, and have exerted a transforming

effect upon every branch of physics, owe their recognition, not

to the spontaneous growth of science, but to their having been
forced on the attention of physicists by tlie cultivators of prac-

tical mechanics.' Very much the same thing may also be said of

the modern conception of the nature of heat, and of the relation

between thermal phenomena and those of other branches of

physics. The notion of heat as a measurable magnitude, of

which definite quantities could be given to or taken aw.iy from

' See, on this point, Diiliring. " Kiili^clie Geschichte der .'itlgemeinen

Principien der Mechaoik " (Btrlin, 1873), pp. 483-486.
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bodies, was fully established Iby the researches of Black and

Wilke on latent and specific heat. This was at the time when
the idea of chemical composition was just taking its modern

shape through the recognition of aeriform bodies as possible

constituents of solids and liquids, and it was natural that the

new knowledge with regard to heat should be embodied in the

conception of a matter of heat, or caloric, capable of entering

into or separating from combination like fixed air or dephlo-

gisticated air. And in fact this conception not only took the

place of philosophical speculations upon the nature of heat such

as those of Bacon and Locke, but it withstood the experimental

onslaughts of Kumford and Davy, as well as the penetrating

scientific criticism of Thomas Young. It is to the steam-engine,

and to the attempt to find out the connection obviously existing

between the amount of heat supplied and the work done by the

engine, that we must trace the downfall of the idea of the

materiality of heat and the origin of our modern views."

Probably it would be impossible to find a more remarkable

instance of what I referred to just now as the second way in

which practice may react upon science so as to promote its

advancement, than is presented to us in the case of electric

telegraphy. This is an example of an industrial undertaking

which is the direct offspring of scientific research, and could not

have co-existed in its actual state of development with a less

advanced condition of electrical science ; but if it were possible

to establish any common measure for such things, it may be

doubted whether it would not be found that telegraphy has

repaid to science benefits equal to those it has received. For

instance, the discovery of earth-currents was a direct result of

the large scale of the instrumental arrangements which are

needed for telegrajjhic purposes, and is one which would pro-

bably have long remained unmade in the absence of some
inducement to make experiments on a scale greater than that

indicated by the visible wants of scientific inquiry. The same

is true of the discovery of the influence of electro-static induction

upon the transmission of electric currents through metallic con-

ductors, and of the consequent additions to our knowledge of the

specific inductive capacity of insulators and of the whole subject of

electrostatic capacity. But by far the most important of the

benefits conferred by electric telegraphy upon electrical

science have resulted from the necessity under which the

practical electrician found himself, of not only being able to

produce certain results, but of producing them under definitely

ascertained conditions as to the expenditure of time and material.

When it was perceived that slight variations in the electrical con-

ductivity, insulating power, or specific inductive capacity of certain

materials might affect the pecuniary return upon investments

reckoned in millions of pounds sterling, measuring instruments

were devised which far surpassed in delicacy and accuracy those

that had been previously made for purely scientific purposes, or

the cost of which exceeded the means usually at the disposal of

scientific investigators. The multiplication and wide diffusion

of such instruments has led to the rapid accumulation of numerical

data of great scientific importance, and has largely contributed to

the spread of accurate conceptions as to the quantitative laws of

electrical phenomena. But the further necessity experienced by

practical electricians, that, besides being able to make accurate

measurements, they should be able mutually to communicate

and to understand each other's results, has probably done more
than anything else to hasten the introduction for scientific

purposes of so-called " absolute" measurements, instead of mere
comparisons of each quantity to be estimated witli a standard

magnitude of its own kind. The use of absolute measures

constitutes one of the most characteristic differences between the

physics of to-day and that of the time when the British Associa-

tion was instituted, and it may be even said to lie at the base of

the doctrine of the Conservation of Energy, which implies the

principle that every kind of energy can be reduced to the same
denomination.

Perhaps, aiter speaking as I have done of the necessity for the

co-operation of mathematics in tlie advancement of physics, it is

not inappropriate that I should, in conclusion, refer to the

possibility tliat, by a too implicit reliance upon mathematical

guidance, the physicist may be led away from the discovery of

fresh truth, or even into actual error. Mathematics is seen to

be so indispensable and usually so powerful an aid in physical

investigation, that there is a danger of forgetting that there are

after all limits to its power. Partly from want of sufficient

knowledge of the physical data on which mathematical discussion

* Conf. Diihring, loc, cit.

must be based, and partly from the imperfection of mathematical
methods themselves, it happens that it is not possible to give a

thoroughly complete mathematical account of even the simplest

physical phenomenon. In all real cases, although some one
effect may often predominate so greatly as alone to attract

attention on a cursory view, the actual complexity is so great that

it is only by deliberately leaving out of consideration what we
believe to be the accidental accompaniments of a phenomenon,
and confining our attention to what seems to be its essential and
characteristic part that it is possible to make it the subject of

mathematical calculation. The consequence is that the problems
treated of in mathematical physics are not the problems pre-

sented by nature, but are problems suggested by these, and
derived from them by a process of ideal simplification. There Is,

therefore, always a possibility that, in this simplifying process,

some apparently trivial but really important feature of the actual

phenomenon, to which the ideal one is meant to correspond,

may have been overlooked. When this is the case, the tact will

reveal itself sooner or later by the occurrence of discrepancies

between the results of mathematical theory and those of experi-

mental investigation. Such discrepancies are the finger-posts,

pointing to new discoveries ; but the experimenter who forgets

the inevitable limitation of the authority of theoretical conclu-

sions, arising from the conditions I have alluded to, is apt to

disregard them, and, perhaps conscious of laziness and want of

care in his method of working, or sometimes from a want of

proper self-confidence, he attributes all anomalous results to " the

unavoidable errors of observaiion."

Two classes of experimenters are safe from falling into this

danger. There are first, those who, the first time they observe
anything that is not provided for in their text-books, conclude
that the law of gravitation ought to be reconsidered. Secondly,
there are those who, with scrupulous care, take account of all

the conditions which are known to be able to aftect the pheno-
menon they are investigating, and are thus able to say, with
well-founded confidence, when they meet with some unforeseen

result, that it must indicate the operation of some unrecognised
cause.

A brilliant example of this latter mode of working and of the
discoveries to which it may lead has recently been afforded to us
by the researches of Mr. Crookes, some of whose results, as

embodied in the now well-known instrument which he has called

the radiomdrr, have attracted much attention. It has appeared
to me liowever, that the surprising nature of these results has to

some extent called off attention from the remarkable character of
the scientific investigation which led to them, and it was at one
time my intention to take advantage of the present opportunity
for the purpose of trying, on the one hand, to render to Mr.
Crookes the credit which I think his researches deserve, and, on
the other hand, to give a connected account of the further

investigations, both experimental and theoretical, to which these

researches have given rise. There seemed to be the more reason

for endeavouring to carry out the former part of my intention,

inasmuch as an eminent and accomphshed scientific man had
published, within the last few months, an account of the dis-

covery of the radiometer, the unmistakable tendency of which
was, either intentionally or unintentionally, to depreciate Mr.
Crookes's merits, and to make it appear that he had put a wrong
interpretation upon his own results. I found, however, that the

time at my disposal would not enable me to make myself suffi-

ciently master of the whole subject to treat it in the way that I

wished, and I have therefore been obliged to content myself with
merely making this allusion to it as an illustration of the more
general considerations to which I have ventured to ask your
attention.

SECTION B.

chemical science.

Opening Address by the President, Prof. Ab«l, F.R.S.

The subject which my predecessor in the honourable position

of President of this Section, made the chief topic of his in-

teresting and instructive address, affords excellent illustrations of

the operation of purely scientific research in creating and de-
veloping important branches of industry. Mr. Perkin, whose
name has from the very commencement of the history of coal-

tar colours been identified with their discovery and their scientific

and technical history, referred to several series of researches,

each one of which formed a link in a chain of discoveries in
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organic chemistry of the highest value, as establishing, illus-

trating, or extending important chemical theories, but, at the

time, and for long afterwards, of value purely from a scientific

point of view. These researches, undertaken and pursued by
ardent and philo<;ophical investigators under more or less

formidable difficulties, and solely in the interests of science,

resulted in the discovery of certain organic bodies which were
produced originally only on a very small scale and at great cost,

but which, after the lapse of years, have been readily manu-
factured from abundant sources, and have constituted important

elements in the development of the industry of artificial colouring

matters. In fact, this industry, \\hich owes its origin to the

discovery of mauve by Mr. Perkin about twenty years ago,

and which is second to no branch of chemical industry in regard

to the rapidity of its development, and its influence upon other

important branches of manufacture, affords more copious illus-

trations than any other of the immediate influence of pure

science upon industrial progress. It therefore affords a topic

which the chemist may well be excused for continually recurring

to, with an interest bordering on enthusiasm, when illustrating

the material advantages which accrue to communities from the

promotion of scientific training and the encouragement of

chemical research.

The iron and steel industry presents a great contrast to that of

the artificial colours in regard to the extent of influence which
the labours of purely scientific investigators have exerted upon
its development. The efforts of scientific men to unravel such

problems as, for instance, the true chemical constitution of steel,

or the precise differences between the various combinations
known as cast iron, and the conditions which determine their

individual production or conversion from one to another, have
hitherto been attended by results not at all proportionate to the

patient experimental investigation of which from time to time
they have been made the subject. Thus, the protracted experi-

ments and discussion carried on by Fremy and Caron some years

back, with reference to the dependence of the characteristics of

steel upon the existence in it of nitrogen, cannot be said to have
led to results of a more conclusive or even definite nature, re-

garding the conditions which regulate the production, com-
position, and properties of steel, than those arrived at by previous

distinguished experimenters ;—and the same must be said, with

respect to cast iron, of such experiments as those carried on for

several years by Matthiessen (in which I also took some part)

under the auspices of the Association, with the view to eliminate

many existing points of doubt regarding the chemical constitution

of cast iron, by preparing chemically pure iron, and studying
its combination with carbon and other elements occurring in

cast iron.

The prosecution of purely scientific investigation may, there-

fore, of itself fail to bear dirtct fruit in regard to the development
of new metal lurgic achievements, or even to the elucidation of

the comparatively complicated and numerous reactions which
occur in furnaces, either simultaneously or in rapid and difficultly

controllable succession, between materials composed of a variety

of constituents in variable proportions. There can, however, be
no question regarding the important benefits which have accrued

from the application of chemical knowledge to the study and the

perfection of furnace-0]ierations by those who happily combine
that knowledge with practical experience, and with the power of

putting to the test of actual practice, the results of reasoning

upon an intelligent observation of the phenomena exhibited in

such operations, and upon the data which chemical analysis has

furnished. In the hands of such men, the scientific results

arrived at by Karsten, Berthius, Bunsen, Scheerer, Percy, and
other eminent investigators, acquire new value, and by them the

fruits of the labours of the patient toiler at analytical processes

meets with that appreciation which their solid and permanently
valuable work does not always command at the hands of their

numerous brother-workers in chemical science, who follow the

far more attractive paths of organic research.

Naturally, the brilliant results achieved from time to time by
investigators in organic chemistry, the rapidity with which, by
those results, theories are established or extended, types founded,

their offspring multiplied, and their connection with other

families traced and developed, impart to organic research a charm
peculiarly its o\\-n. This, and the general ease with which new
results are obtained by the pursuit of methods of research com-
paratively simple in their nature and few in kind, have for many
years not only secured to organic chemistry an overwhelming
majority of workers, they also appear to have had a tendency

to lead the yoimger labourers in the field of organic research to

under-estimate the value and importance, in reference to the ad-
vancement of science, of the labours of the plodding investigator
of analysis. Vet no higher example can be furnished of the
patient pursuit of scientific work purely for its own sake than
that of the deviser or improver of analytical processes, who,
undeterred by failure upon failure, indefatigably pursues his

laborious work, probing to its foundation each possible source of
error, carefully comparing the results he obtains with those fur-

nislied by other methods of analysis, and patiently accumulating
experimental data, till they suffice fully to establish the value and
trustworthiness of the process which he then publishes for the
benefit of his fellow-workers in science. Truly, the results of
such labours do not stand in unfavourable contrast, from whatever
light they may be viewed, to those of the investigator of organic
cliemistry. It is not to be denied that the labourer at organic
research may, so far as the analytical work which should fall to

his share in the course of his investigations is concerned, be
tempted to reduce this, the least attractive portion of his work,
to within the smallest possible limits ; and having, for example,
by a boiling point determination, or a single analytical operation
of the simplest kind, such as the examination of a platinum-salt,

obtained a numerical result approximative to that which his

theory demands, may hasten on to the further development of
his airy structure, possibly not without risk to its stabili'y.

Unquestionably there are instances of frequent occurrence, in

the pursuit of a particular line of organic research, in which more
is not required than the identification of a particular product by
some such simple means as above indicated. It is certain more-
over that the labours of the organic investigator also not unfre-

quently afford bright examples of indomitable perseverance under
formidable difficulties, and this alone should constitute a strong
bond of union between the worker in organic research and his

brother worker in analytical chemistry, if one did not already
exist in the active interest which each, if a true lover of science,

must take in the work of the other.

It has been remarked by one of the most distinguished investi-

gators and, at the same time, one of the most brilliant lecturers

and successful teachers of our time, that the contrivance of a new
and good lecture-experiment may rank in importance with the

preparation of a new organic compound ; and it may certainly

be said with equal truth that the elaboration of a new and good
method of analysis may rank in importance with a good research

in organic chemistry, in reference both to the part it plays in the

advancement of science, and to its influence upon industrial

progress.

An excellent illustration of this is afforded by reference to the

Proceedings of the British Association when it met in this town
thirty-six years ago. In a letter to Dr. Playfair, Liebig, who
took a very active part in the proceedings of the Association in

the earlier years of its existence, reports that Doctors Will and
^'arrentrapp have devised an excellent method for determining

the amount of nitrogen in organic bodies, " very exact and easily

performed." He then described in a few lines the process so

well known to chemists, which not only has been, and continues

to be, invaluable to those engaged in organic research, but

wliich, as may be testified by such researches as those of Lawes
and Gilbert, has borne a most important and indispensable part

in the advancement of agricultural chemistry. It is, I believe,

but an expression of the unanimous conviction of chemists to say

that the achievements in analytical chemistry of such men as

Berzelius, Heinrich, Rose, and Fresenius, take equal rank with

the brilliant researches and theoretical expositions of such

chemists as Liebig, Laurent, Gerhardt, and Berthelot ; and that

of all the important contributions to the development of organic

chemistry which we owe to Liebig, there is none which has

exerted so great an influence on the progress of this branch of

chemical science as his beautifully simple method of organic

elementary analysis.

Reverting to the industry of iron and steel, which, in regard

to some of the most important branches, cannot fail to be a sub-

ject of special interest in Plymouth and Devonport, it is not

difhcult to demonstrate that the labours of the analytical chemist

have exercised, and continue to exert, an important influence on
the very considerable advance which has in recent years been
made, and still proceeds towards securing complete control over

the quality and character of the products obtained. The epoch
is well within the recollection of chemists of my generation, when
the British iron-master first awoke to the benefits which might

accrue to him from an application of the labours of the analytical

chemist in connection with iron-smelting.

When the last great stride was made in the manufacture of
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cast-inin by the introduction of the hot blast, the iron-s:nelter

was naturally led to seek profit, to tlie fullest extent, with respect

both to the great increase in the rate of production of pig-iron

atlainable thereby and to the economy achievable in regard to

the proportions and characters of the materials employed in the

production of pig-iron. But after a time the great falling-off in

the quality of a large proportion of the products of the blast-

furnace, and the difficulties experienced in the production of

mall .-able iron of even very moderate quality, aided by the great

impetus to competition in respect of quality, given by the first

International Exhibition in 1S51, directed the attention of our

more enlightened iron-masters to the likelihood of their deriving

important aid from chemical science, and more especially from

the investigations of the analytical chemist.

Among the earliest to realise the importance of trustworthy

and detaded information regarding the composition of the iron

ores of the country was Mr. S. H. Blackwell, who, in presenting

to the Royal School of Mines a very extensive and interesting

series of British ores which he had collected with great labour

and expense for exhibition in 1851, placed at the disposal of Dr.

Percy the requisite funds for eng.aging the services of competent
analysts (Messrs. J. Spiller and A. H. Dick) who, under his

direction and with subsequent pecuniary aid from himself and
from Government funds, carried out a very careful and complete
examination of this series, the results of which have been of

great value, for purposes of reference, to tho;e actively interested

in the iron industry. It was, however, the first connection of

Messrs. Nicholson and D. .S. Price and of Mr. E. Riley with

two of the most important iron works of this country, about a
quarter of a ceitury ago {i.i. at the time when the above investi-

gation was commenced), that marked, I believe, the commence-
ment of systematic endeavours to apply the results of analytical

research to the improvement and regulation of the quality of the

products of our iron works.
It is, perhaps, but natural that the primary object sought by

applications of the knowledge of the analytical chemist should
have been to eliminate or reduce the existing elements of uncer-

tainty in obtaining the most abundant yield of pig-iron capable
of conversion into railway-bar sufficiently good to meet the

minimum standard of quality, and to reduce stdl further the cost

of production of such bar-iron by utilising materials concerning
the composition of which {richness in iron, &c. ) the iron-

smelter was completely in the dark. The information accumu-
lated by the analyst respecting the composition of the ores, fuel

and fluxes available at the works, and the composition of the

pig-iton and slags or cinders, produced under varied conditions,

in regard to materials employed, and to the proportion of ore,

fuel, and flux used in the blast furnace, could not, however, exist

long without exerting a marked beneficial influence upon the

quality of iron produced, and generally upon the iron industry of

the country.

Percy's invaluable work of reference on Metallurgy furnishes

abundant evidence of the scientifically interesting, as well as

practically useful, nature of the results obtained at that time by
the chemists above named, and others, working under Dr. Percy,
with respect both to the elaboration of important analytical pro-

cesses (in which direction Mr. Riley has continued to the present
day to do valuable work) and to the elucidation of the reactions

occurring in the processes of reduction and refining of the
metal. It is needless to dwell upon the fact that the aid of the
analyst has now long since become absolutely indispensable to

the iron and steel manufacturer ; but I may, perhaps, be allowed
briefly to refer to one or two recent illustrations of the indispens-
able part which analytical research has played, and continues to

play, in the extension of our knowledge of the chemical reactions
involved in the production of cast and wrought iron and of steel,

and of the influences which the chief associates of iron in its

mercantile forms exert upon its physical characters.

Among the many valuable communications made to that most
important body, the Iron and Steel Institute of Great Britain,

by men wlio combine great practical knowledge and experi-
ence in iron and steel manufacture with high attainments in

mechanical science and such knowledge of chemical science as

insures a full appreciation of its value at their hands, one of the
most interesting and suggestive to the chemist is that on the
separation of carbon, sulphur, silicon, and phosphorus in the
refining and puddling furnace and in the Bessemer Converter,
contributed to the Transactims of the Institute's recent meeting,
by Mr. Lowthian Bell, whose valuable investigations in connec-
tion with the iron industry are as interesting to the chemist as

they are useful to the manufacturer. Mr. Bell has brought
together the results of an extensive series of practical experi-

ments on the treatment of different kinds of pig-iron of known
composition, in the finery, the puddlingfurnace, and the Bes-
semer Converter, and, by comparing the results of analytical

investigation of the products of those experimental operations
with each other and with those of the materials operated upon,
he has obtained valuable confirmation of the views already heli.1

by mctallurgic chemists regarding the succession in which
carbon, silicon, sulphur, and phosphorus are attacked when
pig-metal is submitted to the above purifying processes, and the
extent to which those foreign associates of iron are abstracted or

resist removal, by the more or less thorough application of those

several modes of treatment. lie has also thrown new light on
the reasons why the most difficultly-available impurity, phos-
phorus, obstinately resists all attempts to effect even a slight

diminution in its amount by application of the Bessemer treat-

ment. The earnestness with which Mr. Bell wages war against

this enemy of the iron-master in one of its most favourite haunts,

the Cleveland District, not simply with the old British pluck,
which acknowledges not defeat, but systematically, on scientific

principles, calling to his aid all the resources which the con-
tinual advances in applied mechanical and chemical research

place within his reach, cannot fail to contribute importantly, if

it does not of itself directly lead, to the complete subjection of

this most untractable of the associates to which iron becomes
linked in the blast-furnace. Indications have lately not been
wanting that the existence of phosphorus in very notable pro-

portion in iron may not of neressity be inimical to its conversion
into steel of good quality, and it may be that this element,
which is now turned to useful account to impart particular

characteristics to the alloys of copper and tin, is even destined

to play a distinctly useful part in connection with the production
of steel possessed of particular characters valuable for some
special purpose.

In the great development which steel manufacture has received
within the last few years, one most prominent feature has been
the production, with precision, upon a large scale, of steel of
desired characteristics, in regard to hardness, &c., by first adding
to fluid cast-iron of known composition the requisite proportion
of a rich iron ore (with or without the addition of scrap iron) to

affect a reduction of the carbon to the desired amount, concurrent
with a refining of the metal by the oxidising action of the ore,

and then giving to the resulting steel the desired special qualities

by the addition of suitable proportions of iron compound ot known
composition, rich in manganese and carbon (Spiegeleisen and
the similar product called ferro-manganese). The germ of this

system of producing steel varieties of predetermined character-

istics exists in crucible processes like that of Uchatius, which have
been in more or less extensive use for many years past, but it is

to such invaluable arrangements as are most prominently repre-

sented by the Siemens-Martin Furnace— wherein several tons of
metal may be fused and maintained at a very high temperature
with aliitle liability to change from causes not under control, as

if the operation were conducted in a crucible—that we are

indebted for the very great expansion which the direct application

of the analytical chemist's labours to the development of the
steel industry is now receiving.

The production of steel upon the open hearth, to the elaboration

of which Dr.C. K. Siemens has so largely contributed since he first

established the process at Llandore in 1S6S, has in fact, become
assimilated in simplicity of character and precision of results to a
laboratory operation, and may be justly regarded as a triumph of

the successful application ol chemical principles and of the power
of guidance and control afforded by utilising analytical research,

to the attainment of prescribed results upon a stupendous scale,

with an accuracy approaching that which the experienced chemical
operator secures in the laboratory upon a small scale, under
conditions which he can completely control. The production of
sieel by a large number of small separate operations in pots has
now become supplanted with great advantage by the Siemens-
Martin system of working at some of our largest establishments
at Sheffield ; this system has also secured a footing at highly
renowned Continental works, which are formidable competitors
with us in the manufacture of steel, such as those of Essen,
Creusot, and Terrenoire. It is specially interesting to notice that,

in the hands of those who, on the Continent at least equally with
ourselves, have learned to combine the results of practical expe-
rience with the teachings of chemical science, the facilities now
existing for dealing in a single receptacle with large masses of
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fluid steel have greatly facilitated the application of chemical

means to the production of solid masses of considerable size,

thereby reducing, if not altogether dispensing with the necessity

for submitting large steel castings to costly mechanical opera-

tions with the object of closing up cavities caused by the escape

of occluded gas as the liquid metal cools. The success in this

direction which appears to have attended the addition of silicon,

in combination with iron and manganese, to the steel before

casting m preventing the formation of so-called blmv-hoL's, and
in contributing at the same time to the production of the

particular character of steel required, bids fair to be of special

importance in connection with the application of steel to the

production of projectiles for use against armour-plates, as

affording ready and comparatively very economical means of

ensuring the production of perfectly sound castings, or which
in compactness of structure will, it is asserted, compete success-

fully with carefully forged castings, and even with the magnificent

material which Whitworth produces by submitting the fluid

metal to powerful pressure.

The part which silicon plays by its comparatively high suscep-

tibility to oxidation, in promoting the production of sound steel

castings is readily intellij^ible, but the functionsof the manganese
compounds which are an indispensable adjunct to \.he Bfsst-mfr

process, and the application of which has become an integral

part of steel manufacture, are still far from being thoroughly
understood, and there is ample scope for chemical research, in

co-operation with practical e.Nperiment, in the further study of

the influence not only of manganese in the production, and upon
the properties of steel, but also of elements such as titanium,

tungsten, and boron, and of chromium, which exists, associated

in considerable quantities with iron, in a very abundant
Tasmanian ore, to which promment attention has lately been
directed. The achievements of the mechanical engineer have so

facilitated the handling and perfected the means of production
and the mechanical treatment of malleable iron and of steel,

that the full advantage may now be reaped of any improvement
of a chemical nature which may be effected in the production of

those materials ; and it must be a source of pride to the chemist
to observe with what success the teachings of his science are

being applied by practical men of the present day in the con-

struction of furnaces capable of withstanding the high tempe-
ratures required for the production and working of iron and steel

in large masses, and in combining the perfect consumption and
consequent great economy of fuel with the attainment of those

high temperatures and with a thorough control over the character

of the gaseous agents to which the flaid metal is exposed in the

furnace. I need not quote the names of those men who have
already rendered themselves prominent by their services in this

particular direction, but may refer in special illustration of the

results achieved by purely practical men to the success in apply-
ing very simple furnace-arrangements to the attainment of the

above results which has recently attended the labours of Mr.
William Price, a principal foreman in the Royal Gun Factories

at Woolwich.
A few experiments made in the early days of the application

of armouring to ships and forts appeared to demonstrate on the

one hand that steel was quite incapable of competing with mal-
leable iron of even very moderate quality as a material for armour-
plates, and, on the other hand, that the penetrative power of pro-

jectiles made of chilled iron upon the Palliser system could not be
surpassed or even attained with any degree ofcertainty, by projectiles

of steel produced at comparatively very great cost. But some
recent results obtained on the Continent, and especially in the

course of the important experiments instituted by the Italian

Government at Spezzia, have afforded decisive indications that

steel, the application of which to the construction of ordnance
has since that time been very greatly extended, may now be
looked to hopefully as capable of affording greater ]>ro-

tection against the enormous projectiles of the present day than
can be secured by proportionately large additions to the stu-

pendous iron-armouring of the most modern ironclads, and also as

applicable at a cost very moderate, when compared with that of

ten years ago, to the production of projectiles of large dimensions
superior in point of penetrative power and of uniformity in this

respect to those of chilled iron, the difficulties in the production of

which are very greatly increased by the formidable increase which
has lately been made in their size. Promising results have also qu ie

recently been obtained at .Shoeburyness with a new system of

applying steel in conjunction with malleable iron, by which a

perfect union of the two materials at one of their surfaces is

effected by the aid of heat.

The superiority of soft and very homogeneous steel over
wrought iron of the best quality in regard to lightness, combined
with strength and toughness, are leading to its very advantageous
employment in the construction of a particular class of vessels

for the navy ; and the perfect confidence which can he placed in

the uniformity in structure and strength of steel of such character

as is produced by the Whitworth system of manufacture has
greatly facilitated the production of air-chambers of small
weight, but capable of being quite safely charged with sufficient

air, under a pressure of 1,000 pounds on the square inch, to

carry the Whitehead torpeiio through water to a distance of
1,000 yards in little more than a minute and a half

Thus, the results of the recent development of steel-industry,

to which the labours of the chemist have not unimportantly
contributed, give promise of erecting a great influence upon the
resources of nations for defence and attack. Although the
necessity for the continual expansion of such resources cannot
but be deeply deplored, there can be no doubt that the

problems which it presents, and the special requirements to

which it gives rise, must operate, and perhaps as importantly

as the demands created by peaceful industries and commercial
enterprise, in encouraging the metallurgist, the chemist, and
the engineer to continue their combined work in following up
the successes, to the achievement of which the results of scien-

tific research have greatly, though indirectly, contributed.

If it were necessary to add to the illustrations which Mr.
Perkin gave in his address last year of the practical fruits of

research in organu chemistry, I might be tempted to dilate

upon the importantresults which have, especially during the last

ten years, grown out of the discovery and study of the pro-

ducts of the action of nitric aci i upon cellulose and glycerine.

During the six years which have elapsed since I had the honour
of bringing before the members of the British Association the

chief points of scientific interest and practical importance
presented by the history of those remarkable bodies, their

application to technical and war purposes has been greatly

developed. Nitro-glycerine and gun-cotton may now be justly

classed among the most interesting examples of the practical

importance frequently attained by the results of chemical

research, while the history of the successive steps by which
their safe manipulation and efficient application have been
developed affords more than one striking illustration of the

achievements effected by combined physical and chemical re-

search in the solution of problems of high scientific interest

and practical importance, and in the vanquishment of difficulties

so formidable as tor a time to appear fatal to the attainment of

permanently practical success.

It is to a careful study of the influence which the physical

character of gundowder (its density, hardness, &c. ) and its

mechanical condition (i.t'., form and size of the masses and
condition of their surfaces^, exert upon the rapidity of its explo-

sion under confinement, that we chiefly owe the very important

advance which has been made of late years in controlling its

explosive force ; in its applications as a propelling agent, and
the consequent simple and effectual means whereby the violence

of action of the enormous charges now used in siege and ship-

guns is effectually reduced to within their limits of endurance
without diminution of the total explosive force developed. But,

concurrently with these important practical results, the applica-

tion of combined chemical and physical research to a very
extended and comprehensive investigation of the action of fired

gunpowder has furnished results which possess considerable

interest from a purely scientific point of view, as in many re-

spects modifying, in others supplementing, the conclusions based
upon earlier experiments and theoretical considerations with

respect to the nature and proportions of the products formed,

the heat developed by the explosion, the tension of the pro-

ducts of combustion with the conditions which regulate it both
when the explosion is brought about in a close vessel and when
it occurs in the bore of a gun. The results of these physico-

chemical researches have, moreover, already acquired practical

importance in regard to the light they have thrown upon the

influence exerted by variable conditions of a mechanical nature

upon the action of and pressure developed by fired gunpowder in

the bore of a gun, and in demonstrating that modifications in the

coitiposition of gunpowder, not unimportant from an economical
jioint of view in dealing with the very large charges now em-
ployed, may importantly contribute to render the storing of the

maximum of work in the projectile, when propelled from a gun,

compatible with a subjection of the gun to comparatively very

moderate and uniform strains.
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Other interesting illustrations of the intimate manner in which

physical and chemical research are linked together, and of the

important extent to which some of our most illustrious workers in

chemistry have contributed to demolish the semblance of a barrier

which existed in past times between the twobranches of science, are

furnished and suggested by the recently published List of Grants

of Money which the Government has made to scientific men, on

tlie recommendation of the Royal Society, from the fund which,

for the first time last year, was added to the very modest sum

previously accorded from national resources in support of re-

search. The perusal of that list, representing as it does a most

carefully considered selection by the highest representatives of

science in the country, from a very large number of applications,

affords important evidence, on the one hand, of the active pursuit

of science in Great Britain, and, on the other, of the very wide

range of subjects of interest and importance, the full investiga-

lijn of which demands the provision of adequate resources. That

the necessity for such resources needs but to be thoroughly made

known to ensure their prevision, even from other than national

sources, has been demonstrated by the success which, in a com-

paratively brief space of time, has attended the efforts of tlie

Chemical Society to establish, upon the foundatitwi patriotically

laid by one of its original members. Dr. Longstaff, a special

fund, to be administered by the Society for the advancement of

chemical science. An inspection of the list of contributors to

this special fund in aid of chemical research which, in about two

years, has reached the sum of four thousand pounds, and from

the proceeds of which the first applications for grants have

recently been met, is suggestive of two observations. One is,

that the proportion and amount of contributions hitherto received

are comi-iaraliveiy small from the source whence the greatest

support of such a fund may naturally be looked for, namely, from

those who most directly benefit by the results of chemical research.

It is to be hoped that there are many prominent representatives

of the chemical and metallurgic industries in this country who
still intend to give practical effect to their natural desire to

aid in the advancement of chemical science, and to the appre-

ciation which they can hardly fail to entertain of the usefulness

of this fund. On the other hand, it is a matter well meriting

special notice that a very prominent section of the contributors to

the fund is composed of some of the most ancient corporate

bodies of the city of London. Most welcome evidence is tliereby

afforded of the readiness with which the City Companies are

prepared to respond to appeals for the substantial support of

measures well calculated to promote progress in science. This

evidence, and the combined action which they are even now con-

templating for promoting the application of scientific research to

the advancement of industry and commerce, by establishing an

institution for technical education upon a scale worthy to serve

as a monument of the true usefulness of wealthy confederations,

must be cordially hailed as very substantial proofs that these

representatives of our national wealth and commercial supremacy

are entering upon a new sphere of activity which will more than

restore their ancient prestige, by according them a new rank,

more elevated than any which their civic importance could, in

the past or future, confer upon them—a rank high among the

chief promoters of our national enlightenment.

SECTION C.

Opening Address uy the President, W. Pencelly,
F.R.S., F.G.S.

When, as long ago as 1S41, the British Association made its

only previous visit to Plymouth, some of us, now amongst its

oldest members, thought ourselves too young to take any part in

its proceedings. If the effects of that meeting are still traceable

in this district, it will be admitted, of course, that the seed then

sown was of excellent quality and that it fell on good soil. Be
this as it may, the hope may be cherished that thirty-six years

will not again be allowed to elapse between two consecutive

visits to the capit.->l of the two south-western counties.

One effect of this wide hiatus is the loss of almost all the

human links whose presence on this occasion would have plea-

santly connected the present with the past. A glance at the

lists of Trustees and the General, Sectional, and Local officers

in 1841 will show that the presence of scarcely one of tliem can

be hoped for on this occasion ; and there is but little probability

that any of those who prepared Reports or Papers for the last

Plymouth Meeting will have done so for that which is now
assembled.

Nor are these the only changes. In 1841 Section C embraced,
as at the beginning, the geographers as well as the geologists

;

but ten years later the geographers were detached, whether to

find room for tliemselves, or to make room for the students of an
older geography, it is not necessary to inquire.

Some years afterwards came an innovation which, until

entering on the preparation of this address, I always regarded as

a decided improvement. The first Presidential Address to this

Section was delivered at Leeds in 185S by the late Mr. Hopkins,
so well known to geologists for his able application of his great

mathematical powers to sundry important problems in their

science ; and from that time to the present, with the exception

of the Meetings of i860 and 1870 only, the President of this

Section has delivered an address.

None of the local geological papers read in 1841 appear to

have attracted so much attention as those on Lithodomous Per-

forations, Raised Beaches, Submerged Forests, and Caverns (see

Atliena-iim for 7th to aSth of August, 1841) ; and, as an effort

to connect the present with the past, I have decided on taking

up one of these threads, and devoting the remarks I have now
to offer to the History of Cavern-Exploration in Devonshire. I

am not unmindful that there were giants in tliose days ; and no
one can deplore more than I do our loss of Buckland and De la

Beche, amongst many others ; nor can I forget the enormous

strides opinion has made since 1841, when, in this Section,

Dr. Buckland "contended that human remains had never been

found under such circumstances as to prove their contemporaneous

existence with the hytenas and bears of the caverns," and added

that "in Kent's Hole the Celtic knives. . . . w-ere found in

holes dug by art, and which had disturbed tlie floor of the cave

and the bones below it" (AtkenuUiii, 14th Aug. 1S41, p. 626).

This scepticism, however, did the good service of inducing

cavern explorers to conduct their researches with an accuracy

which should place their results, whatever they might prove to

be, amongst tlie undoubted additions to human knowledge.

The principal caverns in South Devon occur in the limestone

districts of Plymouth, Vealmpton, Brixham, Torquay, Buck-

fastleigh, and Chudleigh ; but as those in the last two localities

have yielded nothing of importance to the anthropologist or the

palaeontologist, they will not be further noticed on this occasion.

In dealing with the others it seems most simple to follow mainly

the order of chronology ; that is to say, to commence with the

cavern which first caught scientific attention, and, having

finished all that the time at my disposal will allow me to say

about it, but not before, to proceed to the next, in the order thus

defined ; and so on through the series.

OrestoH Cavei-iis.—When Mr.Whidbeyengaged to superintend

the construction of the Plymouth Breakwater, Sir Joseph Banks,

President of the Royal Society, requested him to examine nar-

rowly any caverns he might meet with in the limestone-rock to

be quarried at Oreston, near the mouth of tlie river Plym, not

more than two miles from the room in which we are assembled,

and have the bones or any other fossil remains that were met

with carefully preserved (see P/iil. Trans., 1S17, pp. 176— 182).

This request was cheerfully complied with, and Mr. Whidbey

had the pleasure of discovering bone-caves in November, 1816,

November, 1S20, August and November, 1S22, and of sending

the remains found in them to the Royal Society.

It is, perhaps, worthy of remark that, though cavern-re-

searches received a great impulse from the discoveries in Kirk-

dale, Yorkshire, and especially from Dr. Buckland's well-known

and graphic descriptions of them, such researches had originated

many years before. The request by Sir Joseph Banks was made

at least as early as 1S12 (see Trans. Devon. Assoc, v., pp. 252,

253), and a paper on the Oreston discoveries was read to the

Royal Society in February 1S17, whereas the Kirkdale Cavern

was not discovered until 1S21. British cave-hunting appears to

have been a science of Devonshire birth.

The Oreston Caverns soon attracted a considerable number of

able observers ; they were visited in 1S22 by Dr. Buckland and

Mr. Warburton ; and in a comparatively short time became the

theme of a somewhat voluminous literature. Nothing of im-

portance, however, seems to have been met with fiom 1822

until 1S58, when another cavern, containing a lar^je number of

bones, was broken into. Unfortunately, there was no one at

hand to superintend the exhumation of the specimens ; the work

was left entirely to the common workmen, and was badly done
;

many of the remains were dispersed beyond recovery ; the

matrix in which they were buried was never adequately examined ;
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ami we are utterly ignorant, and must for ever remain so, as to

whether they did or did not contain indications of human
existence. I visited the spot from time to time, and bought up

everything to be met with ; but other scientific work in another

part of the county occupied me too closely to allow more than

an occasional visit. The greater part of the specimens I secured

were lodged in the British Museum, where they seem to have

been forgotten, whilst a few remain in my private collection.

Some difference of opinion has existed respecting the character

of the successive caverns, and much mystery has been imported

into the question of the introduction of their contents. IVIr.

Whidbey, it is said, "saw no possibility of the cavern of 1816

having had any external communication through the rock in

which it was inclosed" (Phil. Trans., 1S17, pp. 176—182) ; but

Dr. Buckland was of opinion that they were all at first fissures

open at the top, and " that the openings had been long filled up

with rubbish, mud, stalactite, or fragments of rock cemented, as

sometimes happens, into a breccia as solid as the original rock,

and overgrown with grass" (Phil. Trans., 1822, pp. 171— 240).

The conclusion I arrived at, after studying so much of the

roof of the cavern of 1S5S as remained intact, was that Dr.

Buckland's opinion was lully borne out by the facts ; that, in

short, the Oreston Caverns were Fissure Caverns, not Tunnel

Caverns.
The cavern of 1858 was an almost vertical fissure, extending

a length of about 90 feet from N.N.E. to S.S.W. It commenced
at about 8 feet below the surface of the plateau, continued thence

to the base of the cliff, but how much further was not known,

and its ascertained height was about 52 feet. It was 2 feet wide

at top, whence it gradually widened to 10 feet at bottom. The
roof, judging from that part which had not been destroyed, was

a mass of limestone-breccia, made up of lars;e angular fragments,

cemented with carbonate of lime, and requiring to be blasted as

much as oidinary limestone. The cavern was completely filled

with deposits of various kinds.

The uppermost 8 feet consisted of loose angular pieces of lime-

stone, none of which exceeded 10 lb. in weight, mixed with a

comparatively small amount of such sand as is common in

dolom.tiscd limestone districts, but without a trace of stalagmite

or fo-sil of any kind. The 32 feet next below were occupied

with similar materials, with the addition of a considerable quantity

of tough, dark, unctuous clay. Between this mass and the outer

wall of the cavern was a nearly vertical plate of stalagmite,

usually about 2 feet thick, and containing, at by no means wide

intervals, firmly cemented masses of breccia identical in composi-

tion with the adjacent bed just mentioned. The bones the cavern

yielded were all found within these 32 feet ; and were met with

equally in the loose and the coherent breccia, as well as in the

stalagmite. A somewhat considerable number of ellipsoidal

balls of clay, from i'5 to 2*5 inches in greatest diimeter,

occurred in the clay of this bone-bed, but not elsewhere. Still

lower was a mass of dark, tough, unctuous clay, containing a

very few, small, angular stones, but otherwi-e perfectly homo-
geneous, and known to be 12 feet deep, but how much more was
undetermined.

The osseous remains found at Oreston prior to 1858 have been
described by Sir E. Home, Mr. Clift, Dr. Buckland, Prof
Owen, .Mr. I5usk, and others. The animals represented were
Ursus friscus, U. spchuis, weasel (?), wolf, fox, cave hysena,

cave lion, Rhinoceros leptorhinus, Eipitis fossilis, E. plieidens,

Asinus fossilis. Bison minor. Bos longifrons, and, according to

the late Mr. Bellamy, mammoth and hippopotamus (see Nat. Hist,

of S. Devon, 1839, p. 82). With regard to hippotamus, I can only

say that I have never met with satisfactory evidence of its

occurrence in Devonshire ; but the mammoth was certainly

found at Oreston in 1858 ; and, unless I am greatly in error,

remains of Rhitioceros ttchorhinus were also met with there, and
lodged by me in the British Museum. It may be added that the

skull and other relics of a hog were exhumed on that occasion,

and now belong to my collection. There was nothing to suggest

that the cavern had been the home of the hysena ; and whilst I

fully accept Dr. Buckland's opinion that animals had fallen into

the open fissures and there perished, and that the remains had
subsequently been washed thence into the lower vaultings (" Reliq.

Dil.," 2nd. ed., 1834, p. 78), I venture to add that some of the

animals may have retired thither to die ; a few may have been

dragged or pursued there by beasts of prey ; whilst rains, such

as are not quite unknown in Devonshire in the present day,

probably washed in some of the Ijones of such as died near at

hand on the adjacent plateau. Notliing appears ^to have been
met with suggestive of human visits.

Kent's Hole.—About a mile due east from Torquay harbour
and half a mile north from Torbay there is a small wooded
limestone hill, the eastern side of which is, for the uppermost
30 feet, a vertical cliff, having at its base, and 54 feet apart, two
aper ures leading into one and the same vast cavity in the interior

of the hill, and known as Kent's Hole or Cavern. The.se open-
ings are about 200 feet above mean sea-level, an I from them the
hill slopes rapidly to the valley at its foot, at a level of from 60
to 70 feet below.

There seems to be neither record nor tradition of the discovery
of the cavern. Richardson, in the Sth edition of " A Tour
through the Island of Great Britain," published in 1778, speaks
of it as "perhaps the greatest natural curiosity " in the county ;

its name occurs on a map dated 1769 ; it is mentioned in a lease

1659 ; visitors cut their names and dates on the stalagmite from
1571 down to the present century; judging from numerous
objects found on the floor, it was visited by man through
mediaeval back to pre- Roman times ; and, unless the facts

exhumed by explorers have been misinterpreted, it was a human
home during the era of the mammoth and his contemporaries.

Ill 1824 Mr. Northmore, of Cleve, near Exeter, was led to

make a few diggings in the cavern, and was the first to find

fossil bones there. He was soon followed by Mr. (now Sir)

\V. C. Trevelyan, who not only found bones, but had a plate of

them engraved. In 1825, the Rev. J. MacEnery, an Iri.sh

Roman Catholic priest residing in the family of Mr. Cary, of

Tor Abbey, Torquay, first visited the cavern, when he, too,

found teeth and bones, of which he published a plate. Soon
afier, he made another visit, accompanied by Dr. Buckland,

when he had the good fortune to discover a flint implement ; the

first instance, he telU us, of such a relic being noticed in any
cavern (see Trans. Devon Assoc, iii., p. 441). Befoie the close

of 1825, he commenced a seiics ot more or less systematic

diggings, and continued them until, and perhaps after, the

summer of 1829 (ibid., p. 295). Preparations appear to have

been made to publish the results of his labours ; a prospectus

Wis issued, numerous plates were lithographed, it was gener.illy

believed that the MS. was almost ready, and the only thing

needed was a list of subscribers sufficient to justify publication,

when, alas! on February 18, 1841, before the printer had le-

ceived any " copy," before even the world of science had
accepted his anthiopological discoveries, before the value of his

labours was known to more than a very few, Mr. MacEnery died

at Torquay.
After his decease his MS. could not be discovered, and its loss

was duly deplored. Nevertheless, it was found afier several

years, and, having undergone varieties of fortune, became the

property of Mr. Vivian, of Torquay, who, having pu'>lished

portions of it In 1859, presented it in 1867 to the To'-quay

Natural History Society, wh 'Se property it still re nams. In

1S69 I had the pleasure of printing the whole, in the Transac-

tions of the Devonshire Association.

\ViiU,t Mr. MacEnery was conducting his researches, a few

indept-ndent diggings, on a less extensive scale, were tikeii by

other gentlemen. The principal of these was Mr. Godwin-
Austen, tiie well-known geologist, whose papers fully bore out

all that MacEnery had stated. (See Trans. Geol. Soc. Lond.,

2nd scries, vi., p. 446), In 1846 a suh. committee of the Torquay
Natural History Society undertook the careful exploration of

very small parts of the cavern, and their Report was entirely

confirmatory of the statements of their predecessors—that un-

doubted flint implements did occur, mixed with the remains of

extinct mammals, in the cave-earth, beneath a thick floor of

stalagmite. The sceptical posiion of the authorities in geo-

logical science remained unatlected, however, untl 185S, when
the discovery and systematic exploration of a comparatively

sm.all virgin cavern on Windmill HUl, at Brixham, led to a

sudden and complete revolution ; for it was seen that whatever

were the facts elsewhere, there had undoubtedly been found at

Bri.xham flint implements commingled with remains of the

mammoth and his companions, and in such a way as to render

it impossible to doubt that man occupied Devonshire before the

extinction of the cave mammals.
Under the feeling that the statements made by MacEnery and

his followers respeciing Kent's Hole were perhaps, a ter all,

to be accepted as ve.ities, the British Association, in 1S64,

appointed a committee to make a complete, systemitic, and

accurate exploration of the cavern, in which it was known that

very extensive portions remained entirely intact. This committee

commenced its labours on March 28, 1865 ; it has been re-

appointed, year after year, with sufficient grants of money, up to
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the present time ; the work has gone on continuously throughout
the entire thirteen years ; and the result has been, not only a
complete confirmation of Mr. MacEnery's sta'ements, but the
discovery of far older deposits than he suspected—deposits
implying great changes of, at least, local geographical conditions

;

changes in the fauna of the district ; and yielding evidence of
men more ancient and far ruder than even those who made the
oldest flint tools found in Kent's Hole prior to the appointment
of the committee.
The cavern consists of a series of chambers and passages,

which resolve themselves into two main divisions, extending from
nearly north to south in parallel lines, but passing into each other
near their extremities, and throwing off branches, occasionally
of considerable size.

The successive deposits, in descending order, were :

—

1st, or uppermost. Fragments and blocks of limestone from
an ounce to upwards of 100 tons weight each, which had fallen

from the roof from time to time, and were, in some instances,
cemented with carbonate of lime.

2nd. Beneath and between these blocks lay a dark-coloured
mud or mould, consisting largely of decayed leaves and other
vegetable matter. It was from 3 to 12 inches thick, and kno«vn
as the bind mould. This occupied the entire eastern division,

with the exception of a small chamber in its south-western end
only, but was not found in the other, the remoter, parts of the
cavern.

3rd. Under this was a stalagmitic floor, commonly of
granular texture, and frequently laminated, from less than an
inch to fully five feet in thickness, and termed the granular
stalagmitf.

4th. An almost black layer, about four inches thick, composed
mainly of small frai^ments of charred wood, and distinguished as
the black band, occupied an area of about lOO square feet,

immediately under the granular stalagmite, and, at the nearest
point, not more than thirty-two feet from one of the entrances to
the cavern. Nothing of the k'nd has occurred elsewhere.

5th. Immediately under the granular stalagmite and the
black band lay a light red clay, containing usually about 50 per
cent, of small angular fragments of limestone, and somewhat
numerous blocks of the same rock as large as those lying on the
black mould. In this deposit, known as the cavc-earth, many
of the stones and bones were, at all depths, invested with thin
stalagmitic films. The cave-earth was of unknown depth near
the entrances, where its base had never been reached ; but in the
remoter parts of the cavern it did not usually exceed a foot, and
in a few localiiites it " thinned out " entirely.

6th. Beneath the cave-earth there was usually found a floor of
stalagmite having a crystalline texture, and termed on that
account the crystalline stalagmite. It was commonly thicker
than the granular floor, and in one instance but little short of
12 feet.

7th. Below the whole occurred, so far as is at present known,
the oldest of the cavern deposits. It was composed of sub-
angular and rounded pieces of dark-red grit, embedded in a
sandy paste of the same colour. Small angular lr.agments of
limestone, and investing films of stalagmite, both prevalent in
the cave-earth, were extremely rare. Large blocks of lime-
stone were occasionally met with ; and the deposit, to which the
name of breccia were given, was of a depth exceeding that to
which the exploration has yet been carried.

Except in a very few small branches, the bottom of the cavern
has nowhere been reached. In the cases in which there was no
cave-earth, the granular stalagmite rested immediately on the
crystalline ; and where the crystalline stalagmite was not pre-
sent the cave-earth and breccia were in direct contact. Large
isolated masses of the crystalline stalagmite, as well as concreted
lumps of the breccia, were occasionally met with in the cave-earth
thus showing that the older deposits had, in portions of the
cavern, been partially broken up, dislodged, and re-deposited.
No instance was met with of tire incorporation in a lower bed
of fragments derived from an upper one. In short, wherever all
the deposits were found in one and the same vertical section, the
order of superposition was clear and invariable; and elsewhere
the succession, though defective, was never transgressed.

Excepting the overlying blocks of limestone, of course, all the
deposits contained remains of animals, which, however, were not
abundant in the stalagmites.
The black mould, the uppermost bed, yielded teeth and bones

of man, dog, fox, badger, brown bear. Bos longi/rons, roe-
deer, sheep, goat, pig, hare, rabbit, and seal—species still

existing, and almost all of them in Devonshire. This lias been

called the Ovine bed, the remains of sheep being restricted to it.

In it were also found numerous flint flakes and "strike-lights,"
stone spindle-whorls, fragments of curvilineal pieces of slate,

amber beads, bone tools, including awls, chisels, and combs
;

bronze articles, such as rings, a fibula, a spoon, a spear-head,
a socketed celt, and a pin

; pieces of smelted copper, and a
great number and variety of potsherds, including fragments of
Samian ware.

The granular stalagmite, black band, and cave-earth, taken
together as belonging to one and the same biological period,
may be termed the Hyucnine beds, the cave hyaena being their
most prevalent species, and found in them alone. So far as
they have been identified, the remains belong to the cave
hyaena, Ei/iius cahallus. Rhinoceros tichorhiniis, gigantic Irish
deer. Bos pritnii>enius. Bison priscus, red deer, mammoth,
badger, cave bear, grizzly bear, brown bear, cave lion,
wolf, fox, remdeer, beaver, glutton, Machaitodiis lattdcus,
and man—the last being a part of a jaw with teeth, in the
granular stalagmite. In the same beds were found unpolished
OT.'ate and laitceolate implements made from flakes, not nodules,
of flint and chert ; flint flakes, chips, and "cores;" "whet-
stones," a "hammer-stone," "dead" shells o( Peclen, bits of
charcoal, and bone tools, including a needle or bodkin having a
well-formed eye, a pin, an awl, three harpoons, and a perforated
tooth of Ijadger. The artificial objects, of both bone and
stone, were found at all depths in each of the hya:nine beds,
but were much more numerous below the stalagmite than
in it.

The relics found in the crystalline stalagmite and the
breccia, in some places extremely abundant, were almost
exclusively those of bear, the only exceptions being a very few
remains of cave lion and (ox. Hence these have been termed
the Ursine beds. It will be remembered that teeth and bones
of bear were also met with in both the hyaenine and the ovine
beds ; and it should be understood that this biological classifica-
tion is intended to apply to Kent's Cavern only. The ursine
deposits, or rather the breccia, the lowest of them, also yielded
evidences of human existence ; but they were exclusively tools
made from nodules, not /lakes, of flint and chert.
Anstys-Ct'e Cavern.—About three furlongs from Kent's Hole

towards N.N.E., near the top of the lofty cliff forming the
northern boundary of the beautiful Ansty's Cove, Torquay, there
is a cavern where, simultaneously with those in Kent's Cavern
Mr. MacEnery conducted some researches, of which he has left
a brief account (see Trans. Devon. Assoc, vi., pp. 61-69). I have
visited it several times, but it seems to be frequently kept under
lock and key, as a tool and powder-house, by the workmen in a
neighbouring quarry. It is a simple gallery, and, according to Mr.
MacEnery, 63 feet long, from 3 to 9 feet high, and from 3 to 6
feet broad. Beneath some angular stones he found a stalagmitic
loor 14 inches thick, and in the deposit below remains of deer,
horse, bear, fox, hyaena (?), coprolites, a few marine and land
shells, one white flint tool with fragments of others, a Roman
coin, and potsherds.

In a letter to Sir W. C. Trevelyan, dated i6th December,
1825, Dr. Buckland states that Mr. MacEnery had found in this
cave "bones of .all sorts of beasts, and also flint knives and
Roman coins ; in short, an open-mouthed cave, which has been
inhabited by animals of all kinds, quadruped and biped, in all
successive generations, and who have all deposited their exuvije
one upon another" {ibid., p. 69).

y,alm-Brid«e Ca~vern. —AhovA the year 1832 the workmen
broke into a bone-cavern in Yealm-Bridge Quarry, aboutone mile
from the village of Vealmpton, and eight miles E.S. E. from
Plymouth ; and through their operations it was so nearly destroyed
that but a small arm of it remained in 1835, when it was visited
by Mr. J. C. Bellamy, who at once wrote an account of it, from
which it appears that, so far as he could learn, the cavern was
about 30 feet below the original limestone surface, and was
filled to from i foot to 6 feet of the roof (see " Nat. Hist.
S. Devon.," 1839, pp. 86-105). In the same year, but sub.
sequently, it was examined by Capt. (afterwards Col. ) Mudge,
who states that there were oiginally three openings into the
cave, each about 12 feet above the river Yealm ; that the
deposits were, in descending order :

—

I Loam with bones and stones .... 3 '5 feet
2. Stiff whitLsh clay 2'^
3- Sand

! . 60 ||

4. Red clay
3'S ,

5. Argillaceous sand 6 to 18 b ',',
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and that, where they did not reach the roof, the deposits were
covered with stalagmite.

On the authority of Mr. Clift and Prof. Owen, Capt.

Mudge mentions reUcs of elephant, rhinoceros, horse, ox, sheep,

hyaena, dog, wolf, fox, bear, hare, and water-vole. The bones,

and especially the teeth, of the hy:ena exceeded in number those

of all the other animals, thoui^h remains of horse and ox were
very abundant. Mr, liellamy, whilst also mentioning all the

foregoing forms, with the exception of dog only, adds deer, pig,

glutton, weasel, and mouse. He also speaks of the abundance
of bones and teeth of hyoena, but seems to regard the fox as

being almost as fully represented ; and next in order he places

horse, deer, sheep, and rabbit or hare ; whilst the relics

of elephant, wolf, bear, pig, and glutton are spoken of as very

rare. The bones, he says, were found in the uppermost bed
only. They were frequently mere fragments and splinters, some
bemg undoubtedly gnawed, and all had become very adherent
through loss of their animal matter. Those of cylindrical form
were without their extremities ; there was no approach to

anatomical juxtaposition ; and the remains belonged to indi-

viduals of ail ages. Reliquia; of carnivorous animals greatly

exceeded those of the herbivora, and teeth were very abundant.
Coprolites occurred at some depth below the stalagmite, in the

upper bed, which also contained granitic and trappean pebbles,

and lumps of breccia made up of fragments of rock, bones,

pebbles, and stalagmite. The bones found prior to 1835 had been
removed as ruLbish, and some good specimens were recovered

irom materials employed in making a pathway. Nothing
indicating the presence of man appears to have been found.

The Ash-Iio/c:—On the southern shore of Torbay, midway
between the town of Brixham and Berry Head, and about half

a mile Irom each, there is a cavern known as the Ash-Holc. It

was partially explored, probably about, or soon after, the time
Mr. MacEnery was engaged in Kent's Hole, by the late Rev.
H. F. Lyte, who, unfortunately, does not appear to have left

any account of the results. The earliest mention of this cavern
I have been able to find is a very brief one in Bellamy's
"Natural History of South Devon," published in 1839 (p. 14).

During the Plymouth Meeting in 1S41, Mr. George Bartlett, a
native of Brixham, who assisted Mr. Lyte, described to this

Section the objects of interest the Ash-Hole had yielded (see

Report Brit. Assoc. 1 85 1, Trans. Sections, p. 61). So far as

was then known the cave was thirty yards long and six yards
broad. Below a recent accumulation, four feet deep, of loam
and earth, with land and marine shells, bones of the domestic
fowl and of man, pottery, and various implements, lay a true

cave-earth, abounding in the remains of elephant. Prof Owen,
who identified, from this lower bed, relics of badger, polecat,

stoat, water-vole, rabbit, and reindeer, remarks, that for the

first good evidence of the reindeer in this island he had been
indebted to Mr. Bartlett, who stated that the remains were
found in this cavern (see " Brit. Foss. Mam." 1S46, pp. 109-110,

113-114, 116, 204, 212, 479-480). I have made numerous
visits to the spot, which, when ^Ir. Lyte began his diggings,

must have been a shaft-like fissure, accessible from the top only.

A lateral opening, however, has been quarried into it ; there is

a narrow tunnel extendmg westward, in which the deposit is

covered with a thick sheet of stalagmite, and where one is

tempted to believe that a few weeks' labour might be well

invested.

Brixham Cavern.—Early in 1858 an unsuspected cavern was
broken into by quarrymen at the north-western angle of Wind-
mill Hill at Brixham, at a point seventy-five feet above the

surface of the street, almost vertically below, and 100 feet above
mean tide. On being found to contain bones, a lease in it was
secured for the Geological Society of London, who appointed
a committee of their members to undertake its exploration

;

funds were voted by the Royal Society, and supplemented by
private subscriptions ; the conduct of the investigation was
intrusted to Mr. Prestwich and myself; and the work, under
my superintendence, as the only resident member of the
committee, was begun in July, 1858, and completed at mid-
summer, 1S59.

The cavern, comprised within a space of 135 feet from north
to south, and 100 from east to west, consisted of a series of
tunnel galleries from six to eighi feet in greatest width, and ten

to fourteen feet in height, with two small chambers and five

external entrances.

The deposits, in descending order, were :

—

1st, or uppermost. A floor of stalagmite, from a few inches

to a foot thick, and continuous over veiy considerable areas, but
not throughout the entire cavern.

2nd. A mass of small angular fragments of limestone,

cemented into a firm concrete with carbonate of lime, com-
menced at the principal entrance, which it completely filled,

and whence it extended thirty-four feet only. It was termed
the first bed.

3rd. A layer of blackish matter, about twelve long, and
nowhere more than a foot thick, occurred immediately beneath
the first bed, and was designated the second bed.

4th. A red, tenacious, clayey loam, containing a large number
of angular and subangular fragments of limestone, varying from
very small bits to blocks a ton in weight, made up the third
bed. Pebbles of trap, quartz, and limestone were somewhat
prevalent, whilst nodules of brown hematite of iron and blocks
of stalagmite were occasionally met with in it. The usual
depth of the bed was from two to four feet, but this was
exceeded by four or five feet in two localities.

5th. The third bed lay immediately on an accumulation of
pebbles of quartz, greenstone, grit, and limestone, mixed with
small fragments of shale. The depth of this, known as the

fourth or grave! bed, was undetermined ; for, excepting a few
feet only, the limestone bottom was nowhere reached. There
is abundant evidence that this bed, as well as a stalagmitic

floor which had covered it, had been partially broken up and
dislodged before the introduction of the third bed.

Organic remains were found in the stalagmitic floor and in

each of the beds beneath it, with the exception of the second
only ; but as ninety-five per cent of the whole series occurred
in the third, this M'as not unfrequently termed the bone bed.

The mammals represented in the stalagmite were bear,

reindeer. Rhinoceros tichorhinus, mammoth, and cave lion.

The first bed yielded bear and fox only.

In the third bed were found relics of mammoth. Rhinoceros
tichorhinus, \iOY5Q, Bos priniigenius, B.lon^ifrons, red deer, rein-

deer, roebuck, cave lion, cave hynena, cave bear, grizzly bear,

brown bear, fox, hare, rabbit, Lagoniys speheiis, water-vole,

shrew, polecat, and weasel.

The only remains met with in the fourth bed were those of

bear, horse, ox, and mammoth.
The human industrial remains exhumed in the cavern were

flint implements and a hammer-stone, and occurred in the third

and fourth beds only. The pieces of flint met with were thirty-

slx in number. Of these fifteen are held to show evidence of
h iving been artificially worked, in nine the workmanship is

rude or doubtful, four have been mislaid, and the remainder
are believed not to have been worked at all (see Phil. Trans.,
vol. 163, 1S73, pp. 561, 562). Of the undoubted tools, eleven
were found in the third and four in the fourth bed. Two of

those yielded by the third bed, found forty feet apart, in two
distinct but adjacent galleries, and one a month before the

other, proved to be parts of one and same nodide-Xool ; and I

have little or no doubt that it had been washed out of the
fourth bed and redeposited in the third.

The hammer-stone was a quartzite pebble, found in the upper
portion of the fourth bed, and bore distinct marks of the use
to which it was applied.

Speaking of the discovery of the tools just mentioned, Mr,
Prestwich said in 1859:—"It was not until I had myself
witnessed the conditions under which flint implements had been
found at Brixham, that I became fully impressed with the
validity of the doubts thrown upon the previously prevailing
opinions with respect to such remains in caves " (/*/«'/. Trans.,
i860, p. 2S0) ; and according to .Sir C. Lyell, writing in 1863 :

— " A sudden change of opinion was brought about in England
respecting the probable co-existence, at a former period, of man
and many extinct mammalia, in consequence of the results

obtained from the careful exploration of a cave at Brixham.
• . . The new views very generally adopted by English
geologists had no small influence on the subsequent progress of
opinion in France " ("Antiquity of Man," pp. 96, 97).
Bench Cavern.—Early in 1 86 1 information was brought me

that an ossiferous cave had just been discovered at Brixham,
and, on visiting the spot, I found that, of the limestone quarries

worked from time to time in the northern slope of Furzeham
Hill, one known as Bench Quarry, about half a mile due north
of Windmill Hill Cavern, and almost overhanging Torbay, had
been abandoned in 1S39, and that work had been recently

resumed in it. It appeared that in 1839 the workmen had laid

bare the greater part of a vertical dyke, composed of red clayey
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loam, and angular pieces of limestone, forming a coherent wall-

like mass, 27 feet high, 12 feet long, 2 feet in greatest thickness,

and at its base 123 feet above sea-level. In the face of it lay seve-

ral fine relics of the ordinary cave mammals, including an entire

left lower jaw of Ilweiia spchca replete with teeth, but which

had nevertheless failed to arrest the attention of the incurious

workmen who exposed it, or of any one else.

Soon after the resumption of the work in 186 1, the remnant

of the outer wall of the fissure was removed, and caused the fall

of an incoherent part of the dyke, which it had previously sup-

ported. Amongst the dihris the workmen collected some
hundreds of specimens of skulls, jaws, teeth, vertebra, portions

of antlers, and bones, but no indications of man. Mr. Wolston,

the proprietor, sent some of the choicest specimens to the

British Museum, and submitted the remainder to Mr. Ayshford

Sanford, F.G.S., from whom I learn that the principal portion

of them are relics of the cave hyaena, from the unborn whelp

to very aged animals. With them, however, were remains

of bear, reindeer, ox, hare, Aivicolo ratlueps, A. agreslis, wolf,

fox, and part of a single maxillary with teeth not distinguishable

from those of Canis isatis. To this list I may add rhinoceros,

of which Mr. Wolston showed me at least one bone.

From the foregoing undesirably, but unavoidably, brief

descriptions, it will be seen that the Devonshire caverns, to

which attention has been now directed, belong to two classes,

—those of Oreston, the Ash-Hole, and Bench being Fissure

Caves : whilst those of Yealm Bridge, Windmill Hill at

Brixham, Kent's Hole, and Ansty's Cove are Tunnel Caves.

Windmill Hill and Kent's Hole Caverns have alone been

satisfactorily explored ; and besides them none have yielded

evidence of the contemporaneity of man with the extinct cave

mammals.
Oreston is distinguished as the only known British cavern

which has yielded remains of Rhinoceros leptorhinus (Quart,

Joitrn. Geol. Soc. , xxxvi. p., 456).
Yealm Bridge Cavern, if we may accept Mr. Bellamy's

identification in 1835, '"^^ 'he first in this country in which
relics of glutton were found {South Devon Monthlv Museiiin,

vi., pp. 21S-223 ; see also "Nat. Hist. S. Devon," 1839, p. Sg).

The same species was found in the caves of Somerset and
Glamorgan in 1865 (P/cisl. Mam., Pal. Soe., pp. xxi. xxii.), in

Kent's Hole in 1869 (Rep. Brit. Assoc., 1869, p. 207), and near

PlasHeaton, in North Wales, in l&^o (Quart. Journ. Geol. Soc,
xxvii., p. 407).

. Kent's Hole is the only known British cave which has

afforded remains of beaver, (Rep. Brit. Assoc, 1869, p. 208),

and up to the present year the only one in which the remains of

Machairodus latidens had been met with. Indeed Mr. Mac-
Enery's statement, that he found in 1S26 five canines and one

incisor of this species in the famous Torquay Cavern was held

by many paleontologists to be so very remarkable as, at least,

to approach the incredible, until the Committee now engaged in

the exploration exhumed, in 1872, an incisor of the same
species, and thereby confirmed the announcement made by
their distinguished predecessor nearly half a century before (Rep.

Brit. Assoc., 1872, p. 46). In April last (1877) the Rev. J. M.
Mello was able to inform the Geological Society of London
that Derbyshire had shared with Devon the honour of having

been a home of Machairodus latidens, he having found its

canine tooth in Robin Hood Cave in that county, and that

there, as in Kent's Hole it was commingled with remains of the

cave hyana and his contemporaries (Al>s. Proc. Geol. Soc.,[No.

334. PP- 3> 4)-

The Ash Hole, as we have already seen, afforded the first

good evidence of a British reindeer.

In looking at the published reports on the two famous Torbay
caverns it will be found that they have certain points of resem-

blance as well as some of dissimilarity :—

•

1st. The lowest known bed in each is composed of materials

which, whilst they differ in the two cases, agree in being such as

may have been furnished by the districts adjacent to the cavern-hills

respectively, but not by the hills themselves, and^must have been
deposited prior to the existing local geographical conditions. In

each, this bed contained flint nnplements and relics of bear, but

in neither of them those of hycena. In short, the fourth bed

of Windmill Hill Cavern, Brixham, and the breccia of Kent's

Hole, Torquay, are coeval, and belong to what I have called the

Ursine period of the latter.

2nd. The beds just mentioned were in each cavern sealed
with a sheet of stalagmite, which was partially broken up, and
considerable portions of the subjacent beds were dislodged
before the introduction of the beds next deposited.

3rd. The great bone bed, both at Brixham and Torquay,
consisted of red clayey loam, with a large percentage of angular
fragments of limestone ; and contained flake implements of flint

and chert, inosculating with remains of mammoth, the tichorhine

rhinoceros, and hyaena. In fine, \h& cave-cartli of Kent's Hole
and the third bed of Brixham Cavern correspond in their

materials, in their osseous contents, and in their flint tools.

They both belong to what I have named the Hyicnme period of
the Torquay Cave.

But, as already stated,; there are points in which the two
caverns differ :

—

1st. W'hilst Kent's Hole was the home of man, as well as of
the contemporary hycena during the absences of the human
occupant, there is no reason to suppose that either man or any
of the lower animals ever did more than make occasional visits

to Brixham Cave. The latter contained no flint chips, no bone
tools, no utilised /'ir/f«-shells, no bits of charcoal, and no
coprolites of hyana, all of which occurred in the cave-earth of

Kent's Hole.

2nd. In the Torquay Cave relics of hyaena were much
more abundant in the cave-earth than those of any other species.

Taking the teeth alone, of which vast numbers were found,

those of the hyaena amounted to about 30 per cent, of the

entire series, notwithstanding the fact that, compared with most
of the cave-mammals, his jaws, when furnished completely,

possess but few teeth. At Brixham, on the other hand, his

relics of all kinds amounted to no more than 8
'5 per cent, of all

the osseous remains, whilst those of the bear rose to 53 per

cent.

3rd. The entrances of Brixham Cavern were completely filled

up and its history suspended not later than the end of the

Paleolithic era. Nothnig occurred within it from the days when
Devonshire was occupied by the cave and grizzly bears, reindeer,

rhinoceros, cave lion, mammoth, and man, whose best tools were
unpolished flints, until the quarrymen broke into it early in A.D.

185S. Kent's Cavern, on the contrary seems to have never been

closed, never unvisited by man, from the earliest Pal.i;alithic times

to our own, with the possible exception of the Neolithic era,

of which it cannot be said to have yielded any certain evidence.

Though my " History of Cavern Exploration in Devonshire "

is now completed, so far as the time at my disposal will allow,

and so far as the mateiials are at present ripe for the historian,

I venture to ask your further indulgence for a few brief moments
whilst passing from the region of fact to that of inference.

That the Kent's Hole men of the Hyxnine period—to say

nothing at present of their predecessors of the Breccia—belonged

to the Pleistocene times of the biologist, is seen in the fact that they

were contemporary with mammals peculiar to and characteristic

of those times. This contemporaneity proves them to have

belonged to the Pahvolithic era of Britain and Western Europe
generally, as defined by the archa:ologist ; and this is fully

confirmed by their unpolished tools of flint and chert. That they

were prior to the deposition of even the oldest part of the peat

bogs of Denmark, with their successive layers of beech,

pedunculated oak, sessile oak, and Scotch fir, we learn from the

facts that even the lowest zone of the bogs has yielded no bones

of mammals but those of recent species, and no tools but those of

Neolithic type ; whilst even the granular stalagmite, the upper-

most of the Hyrenine beds in Kent's Hole, has aflbrded relics

of mammoth, Rhinoceros tichorhinus, cave bear, and cave

hyaena.

That the men of the Cave Breccia, or Ursine period, to whom
we now turn, were of still higher antiquity, is obvious from the

geological position of their industrial remains. That the two
races of Troglodytes were separated by a wide interval of time

we learn from the sheet of crystalline stalagmite, sometimes

12 feet thick, laid down after the deposition of the breccia had
ceased, and before the introduction of the cave-earth had begun,

as well as from the entire change in the materials composing the

two deposits. But, perhaps, the fact which most emphatically

indicates the chronological value of this interval is the difference

in the faunas. In the cave-earth, as already stated, the remains

of the hyana greatly exceed in number those of any other

mammal ; and it may be added that he is also disclosed by
almost every relic of his contemporaries—their jaws have.
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through his agency, lost their condyles and lower borders ; their

bones are fractured after a fashion known by experiment to be
his ; and the splinters into which they are broken are deeply
scored with his teeth- marks. His presence is also attested by
the abundance of his droppings in every branch of the cavern.

In sliort, Kent's Hole was one of his luniu-s ; he dragged thither,

piecemeal, such animals as he found dead near it ; and the well-

known habits of his representatives of our day have led us to

expect all this from him. When, however, we turn to the

breccia, a very different spectacle awaits us. We meet with no
trace whatever of his presence, not a single relic of his skeleton,

not a bone on whicli he has operated, not a coprolite to mark as

much as a visit. Can it be doubted that had he then occujiied

our country he would have taken up his abode in our cavern ?

Need we hesitate to regard this entire absence of all traces of so

decided a cave-dweller as a proof that he had not yet made his

advent in Britain ? Are we not compelled to believe that man
formed part of the Devonshire fauna long before the hyjcaa did ?

Is there any method of escaping the conclusion that between the

era of the Breccia and that of the Cave-earth it was possible for

the hyasna to reach Britain?—in other words, that the last con-
tinental state of our country occurred during that interval ? I

confess that, in the present state of the evidence, I see no escape
;

and that the conclusion thus forced on me compels me to believe

also that the earliest men of Kent's Hole were interglacial, if

not preglacial.
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ocean than it is in the shallowest water. Instead of 300 fathoms

or 1,800 feet, which Forbes assumes to be the extreme boundary

of submarine life, we must now take 3,000 fathoms, or 18,000

feet, and even much lower depths. It may be well to distinguish

two zones of depth exceeding that which I have termed "the

line of soundings" ; and I would propose the name "abyssal"

for depths between 100 and 1,000 fathoms, and "benthal" (from

the Homeric word BeVflos, signifying the depths of the sea) for

depths of one thousand lathoms and more.

The first knowledge that I had of the mollusca from the

lowest or " bentlial " zone I owe to Dr. Wallich, who kindly gave

me a few siiall shells which he got in a sounding of 1,622

fathoms in N. Lat. 55" 36', VV. Long. 54° 33', off the coast of

Labrador, during his cruise in H.M.S. Bittldog in 1S60. These

consisted of undescrihed species of Aclis, Homalogym, and

Pliiirotoma, Pletirotoma tenukostata of M. Sars, and fragments

of Saxuava rugosa, Linne, and of other shells which are un-

known to me. Among these was a dead but perfect specimen

of C)-cndla faba, Fabricius, which is a common inhabitant of the

laminarian zone in Arctic seas, and may have been voided by

a fish or sea-bird. This would account for the occasional

occurrence at great depths of other shallow-water shells and
fragments.

I liad the good fortune to take part in the two Porcupine ex-

peditions of 1869 and 1S70, and in the Valorous cruise of 1S75 J

and the mollusca of tlie Z^/z/z/z/y {1S6S), ChalUnger {x'&iyji,),

and Vivingen (1S76) expeditions have been submitted to my
inspection. I am consequently enabled to form some idea of

the bathymetrical distribution of the mollusca thus obtained,

with the aid of my dredging experience for upwards of forty

years.

Perhaps the best way of communicating this idea to others will

be by giving the subjoined list of the species of deep-sea mollusca

dredged by me in the Valorous, all of which are found at depths

exceeding 1,000 fathoms. The range of depth there and else-

where in the North Atlantic and Mediterranean will be noted,

as well as some geological and other observations. Four only

of such deep dredgings were made during the cruise, viz , in

1,100, 1,750, 1,450, and 1,785 fathoms. The first two were in

Davis Strait, and the other two between Cape Farewell and W.
Long. 26° on the return voyage.
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The species named in the above list are 75 in number. Of
these no less than 46 have been described by me for the first

time in the Annals and Magazine of Natural History, for

1876 and 1877. Several of them were also procured in the

Porcupine; Challenger, and X'dringen expeditions. A great many
more deep-sea species remain to be worked out and described by
me from the Porcuputc expeditions of 1S69 and 1870.

I have not included the pteropods in the list, although their

shells occur at the greatest depths—because they are oceanic,

and inhabit only the surface or superficial zone, their shells

falling to the bottom after death and when evacuated by pre-

daceous animals. ^
The moUusca of very deep water, or the benthal zone, are

certainly peculiar, and constitute part of a distinct fauna,

notwithstanding that some of them frequent shallower water.

It is very difficult to say how far they may be affected by
bathymetrical conditions. An important contribution to this

part of the subject was made by Mr. Buchanan at a recent

meeting of the Royal Society of Edinburgh, in which he stated,

as the pi eliminary result of his analysis of the sea-water collected

in the Challenger expedition, that as regards the percentage of

oxygen present at different depths, it diminishes from the surface

to a depth of 300 fathoms, and increases from this point to lower

depths.' See also my account of the behaviour of Trochus occi-

dtntalis, when dredged from the deep-sea zone on our northern

coasts, which is explained by Mr. Buchanan's statement.''

They are not .always of a small size. In the Poreupine expe-

dition of 1S69, the dredge brought up, at the depth of 1,207
fathoms, in the Bay of Biscay, a living specimen of Fiisus

nttenuctus, which measures two inches and a quarter in length
;

and another dredging at the depth of 2,435 fathoms (nearly

three miles) in the same part of the Bay, yielded a living specimen
of Dentiiliuni candidum about an inch and a half long. In the

C/;a//e'«5'(7- expedition was trawled, at the depth of i , 600 fathoms,

in the South Atlantic (S. Lat. 46* 16', E. Long. 48° 27'), a living

specimen of a magnificent shell belonging to Cyinbiiim or an
allied genus, which has a length of six inches and three-quarters

and a breadth of four inches ! And during my cruise in the

Valorous, I dredged, at the depth of 1,100 fathoms, in Davis

Strait, a living specimen of Dentalium candidum an inch and
thre -quarters long. These treasures of the deep are so apt to

entrance the imagination of a naturalist, that I have often dreamt
of walking on the sea-bed and picking up unknown and won-
derful shells ; and in my waking hours I have envied the faculty

of the argonaut in Morris's " Life and Death of Jason,"

I hope it is pardonable to avail one's self of a little poetical

licence to make the quotation applicable to the bottom as well

as to the surface of the sea.

The distribution of thi. deep-sea moUusca is unquestionably

caused by submarine currents, with the direction and extent of

which, however, we are unacfjuainted. As far as I have had an
opportunity of judging from the moUusca of the North and
.South Atlantic, I atn inclined to think that the Arctic and Ant-
arctic currents do not extend beyond the Equator. The South-

Atlantic species procured by the Challeni>er party in deep water

appear to be different from those of the North-Atlantic in similar

depths, according to our present notion of species. It is un-

necessary for me to renew my objection to the phrase " repre-

sentative species," as Sir Wyville Thompson has satisfactorily

disposed of the matter in page 14 of his " Depths of the Sea."

It will be seen, on referring to the list of deep-water moUusca
procured in the Valorous cruise, that several of the species are

also SiciUan fossils. They occur in the Pliocene formation of

the south of Italy. Professor Seguenza has just published a very

complete and valuable catalogue entitled " Elenco dei Cirripedi

e dei MoUuschi della zona superiore dell' antico plioceno,' which
are arranged in two divisions, " Depositi littorali " and " De-
positi submarini." But some further distinction would seem to

be necessary in order to separate the strata, inasmuch as certain

species which are assuredly littoral are included in the submarine
division. For instance, Acttion pusillus, Forb. (which lives at

depths varying from 40 to 1,456 fathoms), and Cylichna oiiata,

J. (66-862 fathoms), are entered in both divisions ; while pecu-

liar:^' shallow-water species, such as Patella vulgata, Tectura

virginea, and six now also living species of Chiton, appear only

in the submarine or deep-water division. Many of the species

vIatube, June 14, 1877.
' British Conchology," vol. • PP- 335, 336.

in Seguenza's Catalogue (besides those noticed in the Valorous
list of deep-water moUusca), which had been previously con-
sidered extinct, were discovered by me in the Porcupine expe-
ditions to be still living ; and I have no doubt that the rest of
the so-called extinct species, from the upper zone of the older
Pliocene in Sicily, wiU sooner or later be detected in future
deep-sea explorations. In fact our examination of the abyssal
fauna has been hitherto extremely slight and cursory, taking into
account the enormous extent of area, the difficulties caused by
unfavourable weather, and the inadequacy of the instruments
used in the investigation. Our good neighbours, the Norwegians,
have not relaxed in their work ; and while this Address is being
delivered their second year's expedition to the Arctic seas will
almost have been completed. May every success attend them !

There has been lately a good deal of controversy as to the
supposed " continuity of the chalk "

; and the affirmative of the
proposition has been most ably argued by my colleague and
friend. Sir Wyville Thomson, in his " Depths of the Sea."

Prof. E. Forbes, in his" Report on /Egeanlnvertebrata"( 1844),
was, I believe, the first to state the proposition. He says, at p.
178, that the strata in his lowest region, or 230 fathoms, would,
if filled up, "present throughout an uniform mineral character
closely resembling that of chalk, and will be found charged
with characteristic organic remains and abounding in foramini-
fera. We shall, in fact, have an antitype of the chalk."

Sir Wyville Thomson supports his view by the weighty autho-
rity of Dr. Carpenter, Prof. Huxley, and Prof. Prestwich ; and
although the late Sir Charles L^ell entered a vigorous protest

against the hypothesis, and went so far as to designate it a
" popular error," I will refrain from expressing any opinion of

my own, but will content myself with stating a few facts in

elucidation of the question.

The comparison of the deep-sea ooze with the geological

formaiion known as chalk depends on two points, viz., the
mineral composition and the organisms belonging to each.

1

.

Mineral Composdion. — The late Prof. David Forbes, whose
knowledge as a mineralogist and chemist was universally recog-

nized, furnished me, on my return from the Porcupine expedition

of 1S69, with a complete analysis of a sample of Atlantic mud
procured at a depth of 1,443 fathoms. He proved that it differed

from ordinary chalk in containing scarcely more than 50 per
cent, of carbonate of lime, whereas chalk consisted all but
entirely of carbonate of lime. Indeed Sir Wyville Thompson
admits that "a more careful investigation shows that there are

very important differences between them."
2. Orgmnisms.— I must here confine myself chiefly to the

moUusca, which Sir C. LyeU regarded as " the highest or most
specialized organization " on which geological reasoning and
classification are founded.

Misled by the apparent resemblance of Mediterranean and
Atlantic ooze to the ancient chalk, geologists have been accus-

tomed to consider the chalk fauna as having lived in deep water.

Let us see how this is with respect to the moUusca. I have
lately, with the assistance of Mr. Henry Woodward and Mr.
Etheridge, examined the cretaceous moUusca in the British

Museum and the Museum of Economic Geology ; and Mr.
Etheridge has most obligingly prepared and furnished me with a
tabular list of the genera and number of species in each genus iu

the upper cretaceous group (exclusive of the gault and green-

sand), which list I will, with his permission, here insert :

—

Brachiopoda.

Argiope
Crania
Kingena ...

Magas
Rhynchonella
Terebratella

Terebratula

Terebratulina

Telebrirostra

Thecidea ...

Trigonosemus

Total

No. of

species in

No. of
species in
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80S fathoms ; its geographical extension is equally great, and it

has also not a slight amount of variation in shape and sculpture.

But I am not disposed to unite the two species. In T. striata

the ribs are much narrower than in the typical T capiU-Sirpentis

and are finely beaded or tuberous, especially towards the beaks,

and they are not so close together as in the variety septentrionalis.

This question of identity depends, however, on the capability of

hereditary persistence which some species possess ; and although

a certain degree of modification may be caused by an alteration

of conditions in the course of incalculable ages, our knowledge

is not sufficient to enable us to do more than vaguely speculate,

and surely not to take for granted the transmutation of species.

We have no proof of anything of the kind. Devolution, or

succession, appears to be the law of nature ; evolution (in its

modern interpretation) may be regarded as the product of human
imagination. I am not a believer in the fixity of species, nor in

their periodical extinction and replacement by other species.

The notorious imperfection of the geological record ought to

warn us against such hasty theorization. We cannot conceive

the extent of this imperfection. Not merely are our means of

geological information restricted to those outer layers of the

earth which are within our sight, but nearly three-fourths of its

surface are inaccessible to us, so long as they are covered by the

sea. Were this not the case, we might have some chance of

discovering a few of the missing links which would connect the

former with the existing fauna and flora. It is impossible even

to guess what strata underlie the bottom of the ocean, or when
the latter attained its present jiosition relatively to that of the

land. The materials of the sea-bed have been used over and

over again in the formation of the earth's crust ;
" Omnia

mutantur, nihil interit ; " ' and the future history of our globe

will, to the end of time, repeat the past. What does Shakespeare
say, as a geologist, to such cosmical changes ?

" O heaven ! that one might read the book of fate,

To see the revolution of the times
Make mountains level, and the continent
(Weary of solid firmness) melt itself

Into the sea I and, other times, to see

The beachy girdle of the ocean
Too wide for Neptune's hips,"

There is also the difficult problem of submarine light, evidenced

by the facts of deep-sea animals having conspicuous and well-

formed eyes, and of the shells of deep-sea moiiusca being some-
times coloured, which is yet unsolved.

Much more remains to be done ; and probably many genera-

tions, nay, centuries, must elapse before the very interesting

subject which I have now ventured to submit to your considera-

tion will be mastered or thoroughly understood in all its varied

aspects. Let us then confess our ignorance, and conclude in the

sublime words of the Psalmist :
—" Thy way is in the sea, and

thy path in the great waters, and thy footsteps are not known. "^

THE BRITISH MEDICAL ASSOCIATION.
TP\URING the past week the British Medical Association^ held its forty-fifth annual , meeting in Manchester. The
Committee of Management for the reception of the Association

deserves hearty congratulations on the success which has foUowe 1

their hospitable effort. For although they were under no dis-

advantages of position or room, but rather the contrary, they

had spared no pains whatever to secure the comfort of their

guests, and they may Jairly be said to have equalled or outdone
their opportunity.

The class-room and lecture theatres of the Owens College
and Medical School, were placed at the disposal of the Com-
mittee, and gave the Association most convenient means of

holding iis general business and sectional meetings. The large

museum at the Medical School, the dissecting room, the

physiological laboratory, the chemica' laboratories and the

engineering drawing room were set aside for the purposes
of the Annual Museum. The museum—very extensive this

year—included besides pathological and surgical specimens,
plates, casts, &c. , an unusually large number of histological

specimens, chiefly of morbid tissues. In addition there was
the usual display of surgical and scientific instruments, the

latter being reinforced by the collection of physiological
apparatus belong to the Medical School. The general meetings
except the first were^held in Prof Roscoe's lecture theatre, and
there also were delivered the special addresses in medicine,

' I3vid, Met. XV. 165.

Surgery, Obstetrics, and Physiology. The first general meeting,

and the address of the President of the Association took place in

the Concert Hall, none of the college rooms being large enough
for the purpose. A temporary covered way joined the Medical
School to the College, and on the ground between the two
buildings was erected a tent or series of tents in which were ex-

hibited a large number of sanitary appliances under the auspices

of the Manchester and Salford Sanitary Association.

The meeting of the Association was inaugurated on Tuesday
morning by the Bishop of Manchester who preached a sermon
in the Cathedral ; and in the afternoon of the same day the

first general meeting was held for the election of the president

for the year and for hearing the Report of Council. The retiring

president Dr. DeBartoloine,,of Sheffield, alluding to the events of

his official year, spoke with much spirit of the manner in which

the public services of the medical men engaged in the rescue of

entombed miners after the Pont-y-pridd colliery accident had been

ignored by the Government and the nation ; and he announced

that the Council, having regard to the fact that there was no

provision for the recognition of heroic or meritorious services

uhen performed by medical men as such, had determined to

confer upon the medical men concerned In the accident a medal
and a testimonial scroll, and had recommended that the medal

should be perpetuated as the Medal of the British Medical

Association, to be awarded for like acts in the future. The
latter suggestion was afterwards adopted at the second general

meeting.

The president. Dr. M. A. Eason Wilkinson, Senior Physician

to the Manchester Royal Infirmary, having been elected,

delivered an address on Hospital Defects and their Remedies

a subject which is greatly engaging the attention of local

medical men. lie gave a history of the Manchester Royal

Infirmary and spoke with satisfaction of the union of the

School of Medicine and the Owens College.

In the evening there was a reception by the President of the

Association and the Senate and Council of the Owens College,

held at the College.

On Wednesday a general meeting of the Association assembled

to hear the special address in Medicine, by Dr. William

Roberts, F.R.S., on the subject of Spontaneous Generation and

the doctrine of Contagium Vivum. Dr. Roberts' treatment of

the subject may be considered to fall into three divisions-

physiological, pathological, and theoretical.

In the first, after alluding to the analogy which may possibly

be real, between contagious fever and the action, say, of yeast in

fermentation, he proceeded to consider two propositions. The
first proposition is : That organic matter has no inherent power

of generating bacteria, and no inherent power of passing into de-

composition. To substantiate this he exhibited specimens of

decomposable organic fluids which, having been sterilized, had

remained in his possession undecomposed for many months or

even years. SteriUzation had been effected three ways :

—

1. By prolonged boiling, the exclusion of germs being after-

wards secured by plugs of cotton-wool.

2. By filtration through unglazed earthenware previously

heated to redness, into flasks sterilized by the heat of boiling

water.

3. By transferring the organic decomposable fluid, such as

blood, urine, pus, etc., directly from the interior of the body to

well sterilized flasks and subsequently defending them. from

germs by plugs of cotton-wool.

The second proposition is :—That bacteria are the actual

agents of decomposition. This Dr. Roberts considers to be

proved by the following considerations :

—

<i. That which originates decompojition comes from the air
;

since removal of the plugs in any of the above cases is infallibly

followed by decomposition.
/'. That which originates decomposition consists of solid

particles floating in the air ; since filtration of the air (as above)

is able to prevent decomposition : and air which is optically

pure (Tyndall) has no fecundating power.

c. That which originates decomposition has not the nature of

a soluble ferment ; since decomposable fluids in which putrefac-

tion has already set in yield filtrates through earthenware, which

do not decompose, while pepsin, diastase, c&c, readily pass

through the same medium.
But it is nevertheless true that certain liquids, as neutralized

hay, infusions, and milk, often proJuce bacteria even after

they have been boiled for two or three hours, and when there

is no possibility of subsequent infection. And it is equally true



328 NATURE {August 1 6, 1877

that bacteria are invariably killed by exposure to a temperature

of about 140° F. or more. Are not these facts strong evidence

of abiogenesis ? No : and for tlie following reasons :

—

1. Although bacteria infallibly die at the above-named tem-

perature their spores may not ; and this is more than probable

since Dallinger and Drysdale have demonstrated that while

certain septic monads are destroyed on heating to 140^ F., their

spores survived a heat of 300° F.

2. Cohn has examined the organisms which arise under the

conditions named, viz., in boiled hay-infusions, and he has

demonstrated that they are never a new creation as might have
been expected, but invariably the well-known bacterian Bacillus

subtilis. Is it possible to believe, in the face of the whole theory

of evolution, that abiogenesis is able at one stroke, and within

seventy hours, to produce such a specialised organism as this ?

3. Saprophytes are devoid of chlorophyll and hence cannot

assimilate carbonic anhydride ; they get their carbon exclusively

from more complex carbon compounds. Hence, at least, it

must be granted that saprophytes cannot have been the pri-

mordial forms of life ; and the probability of the spontaneous

generation of such organisms, even granting spontaneous gene-

ration as an existing process, falls in proportion.

In the second division of his address Dr. Roberts discussed

the pathology of three infective diseases the cause of which has

been traced in each case to infective organisms, viz., septicaemia,

relapsing fever, and splenic fever. Without entering into details,

it may be allowed to notice that Dr. Roberts, alluding to the

subject of the antiseptic treatment of wounds, spoke of the need

of a broader view of its principle, the essence of which is not to

protect the wound from septic organisms, but to Jefcml the patient

against the septic poison generated under the influence of those

organisms, an end which may be obtained either by the method
of Prof. Lister of rigid exclusion of the septic organisms or by
preventing the absorption of the pyrogen product, as, e.g., by
allowing free exit for the discharges by the open method of

treatment.

In conclusion, Dr. Roberts pointed to the fact that there exists

a remarkable morphological identity between the organisms of

certain infective diseases and other quite harmless saprophytes.

Thus Bacillus anlhracis of splenic fever only differs from Bacillus

subtilis in the fact that its rods are motionless : while the spirilla

of relap.sing fever are identical in form and botanical characters

with Spirochate plicatilis of Ehrenberg. May not these coinci-

dences, he suggests, point to a natural explanation of the origin

of contagia ? May not the harmful organisms be merely varia-

tions or sports from the harmless saprophytes resembling them,

just as the bitter almond is a sport from the sweet, and the

nectarine from the peach ? May not typhoid fever for example, be

explained as due to a variation from some common saprophyte

of our stagnant pools or sewers, which under certain conditions

of its own surroundings or certain conditions \vithin the human
body, acquires a parasitic habit ?

On Thursday the members of the Association assembled to

hear the special address in Surgery by Mr. T. Spencer Wells,

F.R.C.S. After giving a retrospect of the progress of surgery,

and noticing the important advances made during quite recent

times, the speaker said :

—

"A certain section of the community, well-meaning it may be,

but led astray by thoughtless enthusiasts or self-interested itine-

rant lecturers, vehemently asserts that if we are to perfect our-

selves in these or in other modes of saving human life or lessening

human suffering, we must only do so by practice upon the human
subject ; we must not, as a surgeon or a physiologist, take the

life of a dog or a cat, a rabbit or a sheep, a pigeon or a frog, for

any scientific purpose, or mth the object of benefiting the human
race. Anybody may slaughter oxen and sheep by thousands for

human food in any way he pleases, oysters may be eaten alive,

the pheasant or the partridge, the fox or the deer may be ex-

pressly reared to supply the sportsman with exercise or the

amusement of killing—in a word, the lower animals may be

devoted to the use of man for any purpose that is not scientific.

But if a surgeon experimentally sacrifices half a dozen dogs or

rabbits in the hope of improving some operation which may
prevent the loss of human life or lessen human suffering, he is

branded as inhuman, and barely escapes the supervision of the

police. Possibly, some of these benevolent individuals will

voluntarily offer up themselves to our Committee on Transfusion,

in the hope of perfecting the practice. Until they do so, they

will perhaps be a little less clamorous if a few sheep or rabbits

are used in the cause of humanity."

Referring afterwards to the rewards of public service in the

medical profession and the need of medical statesmanship, Mr.
Spencer Wells sought to show that it would be both fjust and
conducive to the highest public welfare that eminent members of

the medical profession should be occasionally admitted to a seat

in the House of Lords.

Tlie Section of Physiology was opened with an address by the

president. Prof Arthur Gamgee, F.R.S., of Manchester. After

giving a resume of some of the important physiological work of

the last year, including an account of the latest contributions by
Engehnann and Hermann to the contact theory of the muscular
current. Prof. Gamgee referred to the wishes of some physiolo-

gists and medical men to destroy the very intimate connection

between medical and physiological science which at present

exists in England, and depiecated any such attempt, pointing

out the benefits which had resulted to both sciences by their

mutual reaction. He strongly insisted, however, on the need of

a sound preliminary scieniific training for medical stuiients if

physiology is not by a natural process to split off from medicine

owing to the sheer incapacity of the average medical student to

comprehend her teachings. Prof. Gamgee concluded his address

by referring to the vivisection agitation, and to the presence of

Prof. Ludwig in Manchester, in the follo%ving terms :
—

" We have passed, or rather we are passing, through a period 01

great anxiety to physiology. A popular clamour, unfortunately

too well known to all of you, has imperilled the studies which
we all have so greatly at heart. An Act of Parliament is now
in force which, if interpreted in a spirit of hostility to science,

might put a stop to these studies. But I trust that ihe spirit of

the time, the spirit of justice too, which we think characterizes

our countrymen, will render such hostility impossible, and relying

upon the justice and enhghtenment of the minister of the Crown
to whom the enormous responsibility of carrying out this Act
has been entrusted, we venture to predict that the interests of

science will not ultimately suffer.

" I cannot clo.se this address without expressing the gratification

and pride with which I see amongst us the eminent man who
to-day honours us by his presence. In Carl Ludwig we see one

of the three or four men who, more than all others, have helped

to build up the present edifice of physiology—a man to whom
those of our science will refer in ages yet to come as having,

perhaps more than anyone else, introduced methods of precision

into physiology, and, by numerous conquests in nearly all its

departments, proved their utility. We welcome him amongst us,

and beg to assure him that the influence of his teaching extends

not only to every university of Germany, but even to us. All

of us have more or less directly learned from him, and all of us

are, I trust, inspired in some measure by his intense devotion to

science. AH would, I hope, emulate to the extent of their

powers, the example of the great head of the Leipzig physio-

logical school, who, in unselfishly contributing to the success of

his pupils, for the furtherance of the science which he loves, has

seen the fullest realization of his proudest hopes."

In the evening the annual dinner of the Association was held

in the Large Hall of the Assize Courts.

Prof. Kronecker, of Berlin, exhibited a 'current inten-upter

to secure equal intensity of opening and closing shock. The
current is made by the point ol a swinging bar which is kept

swinging in a vertical plane by means of an electro-magnet.

The point dips into mercury in order to make the current, and

leaves the mercury to break it. The surface of the mercury is

continually washed free from oxidized metal by a stream of

water.

Prof. M'Kendrick, of Glasgow, read a paper On tJie Physio-

logical Action 0/ the Chinoline and Pyridine Series of Compounds,

containing the results of an extended research carried on

witli the co-operation, first of Prof. Dewar, of Cambridge,

and afterwards of Dr. Ramsay, of Glasgow. In justice to

Prof. M'Kendrick and his colleagues we will not attempt to give

even an outline of the peculiar effects of these series of bodies,

especially as the whole of the valuable memoir will shortly be

published. But we may call attention to the following in-

ferences of more general physiological interest :^
1. There is no appreciable difference between the physio-

logical action of the bases obtained from chincona and those

derived from tar.

2. All the substances examined are remarkable for not

possessing any specific paralytic action on the heart likely to

cause syncope, but they destroy life, in lethal dose, either by

exhaustive convulsions or by gradual paralysis of the respiratory

centres, thus causing asphyxia. There is further no immediate

action on the sympathetic system of nerves, but there is
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probably : secondary action since after large doses the vaso-

motor cenire becomes involved,

3. In ascending the chinoline series, the physiological action

changes ir character, tlie lower members seeming to affect the

sensory eicephalic centres and the reflex centres of the cord,

destroying voluntary and reflex movement ; the higher members
seeming b affect chiefly the motor centres, cauing violent

convulsiois, and afterwards paralysis.

4. Spejking of these series of bodies, the mere knowledge of

the consti'uent elements of a body is no guide to its physiological

action.

5. Speaking of these series of bodies, the base, and not the

acid with which it may happen to be united, determines within

slight limits, the physiological character of the compound.
6. The anion of methyl, ethyl, amyl, and allyl with chinoline

does not entirely change its characteristic mode of action, but

their presence causes a tendency to ?pasm and convulsion. Also

in the case of the pyridine and picoline substitution compounds,
increase cf molecular complexity and weight does not indeed

entirely change the mode of action of the simpler compound, but

is always attended by a tendency to spasm and convulsion.

7. WhcTi the bases of the pyridine series are doubled by
condensation, producing polymers such as dipyridine, "Sic, they

not only become more active physiologically, but the mode of

action of the condensation product differs from that of the simpler

base.

Saturday was entirely taken up by excursions into the

surrounding counties, Lancashire, Cheshire, and Derbyshire.

Througliout the week facilities were given to members of the

Association to visit the various hospitals, libraries, manufactories,

and buildings of interest in the town and neighbourhood.

OUli BOOK SHELF
Jainisjit ; or, the Early Faith of Asoka. By E. Thomas,

F.R.S. (London : Ttiibner and Co., 1877.)

This is a book which will be of great interest to

orientalists and students of the science of religion and is

likely to occasion a good deal of controversy. It em-
bodies two articles published by the author in the

Journal of the Royal Asiatic Society, the first of which
endeavours to show that the Greek monograms on
Bactrian coins represent dates, the hundreds being
omitted in imitation of the Hindu loka kala, or as when
we write '77 for 1S77. The dates, Mr. Thomas thinks,

refer to the Seleucid era (B.C. 312), and we are therefore

able to place the Indo-Scythian dynasty of Kanishka,
whose monuments at JMathura have recently been dis-

covered, from B c. 2 to A.D. 87. The second article

challenges the usual opinion that jainism is a late corrupt

form of Buddhism and seeks to prove that Buddhism
itself was originally a Jainist sect and that Asoka, the

Constantinc of India, was a Jainist before he was a
Buddhist. His grandfather, Chandra Gupta or Sandra-
cottus, is claimed by the Jainists, and their claim is

supported by the testimony of Megasthenes ; according

to Abul Fazl, Asoka himself introduced Jainism into

Kashmir, and the gradual passage of his belief from
Jainism to Buddhism may be detected in his rock and
pillar edicts. The Bhabra edict, late in his reign, first

contains positive Buddhism, and his earlier Jainist title

oi Dcvanaiiipiya or " beloved of the gods," is dropped as

incompatible with a creed which denied the existence of

any God at all. The Mahawanso has allowed a reference

to " the twenty-four supreme Buddhos "—the number of

the Jainist samts—to remain in its text, and the symbols
of the Buddhas are borrowed from their Jainist proto-

types. The existence of Jainism at the begmning of the

Christian era is proved by the recent discoveries at

Mathura, where the figures are nude as among the

Jainists, not clothed as among the Buddhists, and the
Kanishka coins lately found at Peshawar are further

evidence of Saivism and the worship of many deities,

Indian, Persian, Greek, and; even Roman, but not of
atheistic Buddhism. It may be added that Mr. Thomas

believes that in these Kanishka coins we have evidence
of the soldiers of Crassus having been settled in the
extreme north-west of India.

LETTERS TO THE EDITOR
[Till Editor does not hold hi7nself responsible for opinions expressed

by his correspotidents. Neither can he undertake to return,

or to correspond 'cinth the writers of, rejected manuscripts.
No notice is taken of anonymous communications.

The Editor urgently requests correspondents to keep their letters as
short as possible. The pressure on his space is so great that it

is impossible otherwise to ensure the appearance even of com'
munieations containing interesting and novel facts.'\

Rainbow Reflected from Water
On Monday last, August 6, at 7 P.M., I was standing at the

end of Eastbourne Pier looking towards the sea. Behind me
the sun was low on the horizon but shilling brightly, overhead
and out to sea rain was falling from somewhat broken masses of

clouds. In front a brilliant rainbow formed a complete semi-
circle, the two ends apparently resting on the sea, and outside

the principal bow the secondary arc was shining with consider-

able intensity. The sea was calm, but its surface was by no
means glassy, being ruffled over with minute wavelets. Reflected

from the surface of the sea, and extending in a broken curved
line from the extremities of the rainbow nearly up to the pier,

was a complete reproduction of the colours in the sky ; the

reflection, bearing in mind the ruffled surface of the water, being

perfect. Not only were the colours of the primary bow repro-

duced, but a faint reflection of the secondary bow could be
detected, whilst the dark space between the two bows, and the

luminous haze which always extends for some distance from the

concave edge of the primaiy bow, were distinctly reproduced.

The intensity of the reflected image was, as near as I could

judge, one-fourth that of the actual bow. Near the horizon

when the real and reflected arcs seemed to touch, there was a

decided displacement of the colours, as if the diameter of the

reflected bow was somewhat less than that of the original. In

other words, the reflected red was not accurately in line with the

red in the real bow, but appeared to line with the yellow,

whilst the yellow of the reflected arc seemed a continuation of

the green in the actual rainbow.

I regret that I had no polarising apparatus with me.
August 8 William Crookes

Science Lectures in London
It has occurred to me, while reading some lectures given in

Glasgow and Manchester, that were such lectures given in

London during the winter months, they would confer a great

boon upon a large number of people.

Perhaps, Sir, if you were to propose such a thing through the

medium of your valuable paper, some might be found to bring

about such a result, as I believe no difficulty would be found

in forming a society such as the Glasgow Science Lecture

Association.

I hope some abler pen will be found to take up the subject.

Heme Hill, August 7 L. Jeans

Strange Dream Phenomenon
I HAVE just experienced almost as remarkable a coincidence

as those adduced by Sir W. Hamilton to prove the activity of

consciousness even in sleep.

I had not been to rest for forty-one hours, and was overcome
by sleep while in the act of writing a short diary I am in the

habit of keeping. During the time I was asleep, I dreamed of

some houss property in Brighton, a dream purely fictitious and
very remote from anything I had previously thought of.

Awakening in a short time (scarcely a minute), I found myself

still writing ; and on further examination I discovered that I had,

following the current of my thoughts, written .as much of my
dream as lime had allowed. J. Vincent Elsden

Edelweiss

As an old Alpine man, let me say that JEdelweiss is not

localised in any part of the Alps ; I have found plenty of it at

far less altitudes than the natives sometimes try and make awe-

stricken tourists believe.
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Your paragraph is otherwise correct, more so than one in a
contemporary which said that Italian herdsmen were exter-

minating the flower ; tJuy, at all events, are not likely to show
such Alpine prowess. Marshall Hall

Scientific Club, 7, Savile Row, W., August 13

067? ASTRONOMICAL COLUMN
The Colours of a Ur?^ Majoris and Arcturus.

—Mr. T. W. Backhouse, writing with reference to the

periodical change of colour in a Urs;c Majoris, indicated

by the observations of Herr Weber, of I'cckoloh, of which
mention was made recently in this column, remarks that

after watching it for several months he concludes the
variation must be very slight. Mr. Backhouse observed
wilh a small binocular, power 2i, with which he estimated
the depth of colour as compared with /3 Ursac Majoris
and [i Urs;c Minoris, which are respectively bluish and
deep orange, not the actual colour of the star. Repre-
senting the difference between the two stars of comparison
by a scale from o to i, "the depth of colour of a Ursa;
Majoris only varied from ^ to

i;
on this scale, so that the

whole range of its variations was less than i of the
difference between those two stars, probably not greater
than can be accounted for by errors of observation. The
greatest depth of colour, assuming {i Urs. Maj. and
/3 Urs. Min. not to vary, was observed on January 6,

March iS, and April 11, which are not long after Weber's
times of minimum." Mr. Backhouse adds that if any
period is indicated by his observations, it is more likely

to be one of three months than any other.

Herr Weber observed with a Steinheil achromatic of

2j; inches aperture and 3^ feet focal length, power, 90.
For details the reader may^consult Astroii. Nach., Nos.
1663 and 1773.
Writing on the subject of periodical variation in the

colour of a fixed star, we 'recall some observations by
Prof. Julius Schmidt, now director of the observatory at

Athens, published upwards of twenty years since, from
which he concluded that a very marked change of colour
had taken place in the light of Arcturus at least in the
year 1852, as compared with ancient observations, and
indeed with quite recent ones. On March 21, 1S52, while
waiting for a meridian observation of Arcturus at the
Observatory at Bonn, Prof. Schmidt remarked to his
surprise, that this star, which for eleven years previously
he had considered one of the most decidedly red stars in

the heavens, was, to the naked eye, only yellowish white,
or as he says, to speak more correctly, "matt graugelb."
During the transit there was no ruddiness cither in a dark
or illuminated field, and on going out into the open air

and comparing Arcturus with other stars of the first

magnitude, he found it light yellow, even Capella showing
more colour. A comparison with Mars, which he had
often previously made since the year 1841, was no longer
possible, as with reference to the colour of the planet,
" Arcturus appeared as a white star." Thormann, on the
same night, considered the star "a dirty yellow, like the
colour of slightly tarnished brass." The star was often
observed at Bonn in this year, and though Argelander
was at first sceptical as to any variation of colour, at the
end of March he was convinced that Arcturus" exhibited
no deeper yellow tinge than Capella, and that red was
entirely absent." On May 11 Schmidt considered there
was hardly an appreciable difference in colour from that
of Capella. He considered that the circumstance of the
star having lost for a certain time in the year 1852 every
trace of redness was no illusion, but was quite confirmed.
Arcturus was one of the six invKtj'ijJoi or fitry red stars of
Ptolemy, in which list Sirius, now without a trace of
ruddiness, v;as also included.
The difficulty and uncertainty attending observations

on the colours of the stars are considerable for
reasons which are sufficiently obvious. There is,

perhaps, no more striking instance of the little

value attaching to isolated observations Dr obser-
vations not undertaken for the special object, than that

afforded by the binary star y Leonis, of which Struve
says :

" Kst Stella duplex in hemisphajrio boreali pulcher-
rima et splendore et coloribus," and the colours he
assigned in the " Mensura? MicronietricK," golden for the
larger star, and greenish-red for the smaller one, have
been repeated with trifling variation of terms by
subsequent observers. Yet on the ''date of discovery
of the duplicity of the star by Sir W. Hcrschel, February
1 1, 1782, we find he assigns for the colours " L. white, S.

white, inclining a little to pale red," differences which,
but for the reason just mentioned, might well countenance
the idea of a total change in the colours of both com-
ponents. It may be added that in y Delphini, we have a
very similar case.

The System oi- 40 o- Eridani.— M. Camille
Flammarion communicates some measures of 4D Eridani
and its companions made early in the present year. For
the epoch iS77'i2, the following are the resi:lts of his

observations :

—

Stars AD Position 148 o Distance 37"'2

AE ,, 339'2 ,, 109-9

AB ,, 1047 ,, 81-5
BC ,, 1300 ,, 4" ±

The secular proper motion of the star A is, according to

Stiuve, in R.A. ... — 216S ... in Deck ... - 342-3
Madler, ,, ... - 2l8'8 ... ,, ... - 3470

And as M. Flammarion remarks on allowing for the

proper motion of the principal star. Prof Winnecke's
measures at the epoch i864'84 compared with his own,
show that the stars D and E do not form part of the
physical system of 40 Eridani. His measures of A B
agree with Struve's in proving that B, while partaking of
the great proper motion of A, is yet approaching it

slowly. C continues its rapid retrograde change of
position with respect to B, the distance remaining nearly

the same, and if the stars be regularly measured with
powerful instruments, we must soon have sufficient data
for an approximation to the elements of the orbit. When
some one of the southern observatories possesses a
heliometer, and we do not know of any instrumental
addition to an establishment in a more southern latitude

from which results of greater interest and importance in

this branch of astronomy can be expected, the determina-
tion of the parallax of 40 Eridani, and it may be added of

e Indi ought to be amongst the first objects to which it is

devoted.

The Third Radcliffe Catalogue of Star.s.— In

the late Annual Report of the Rev. R. Main, the Radcliffe

Observer, to the Board of Trustees, it is stated that con-
siderable progress has been made with the compilation of

the third catalogue founded upon observations made at

this important astronomical establishment, from 1862 to

1870, and additional assistance is proposed for its speedy
completion, though no definite time is assignable for

publication. The number of stars contained in the new
catalogue is 4.389, or nearly twice the number included
in the " second Radcliffe Catalogue," which was the first

issued by the present director. The same Report men-
tions that the planet Mercury had been meridionally
observed thirty-nine times during the year ending with

June, 1877, a large number considering the difficulty

attending the observations ; but it is not the first time
that the Radcliffe obsciver has had occasion to report

successfully in this direction; some few ) ears since we
believe as many as forty-five observations were secured
with the transit-circle in the course of the twelvemonth.

New Minor Planet.—A telegram from M. Slephan
announces the discovery of a small planet by M. Borrelly,

at Marseilles, on the nth inst. At 8h. 35m. its R.A. was
2ih. 19m. 50s., and N.P.D. 105° 59' ; tenth magnitude.
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ON BLACK SOAP FILMS
TT is a matter of general knowledge that a very thin
* plate of a transparent substance exhibits colours, the
tints of which depend upon the angle of incidence of the

light by which it is viewed, and also upon its thickness

and refractive index, and that these " colours of thin

plates " were classified by Newton and divided by him
into orders. If, however, such a plate is of less than a

certain thickness, it appears black whatever the angle of

incidence of the light may be, and its colour, therefore,

gives us no indication of its thickness, except that it must
be less than a particular value.

With a well-made soap-solution it is by no means
difficult to obtain a film thin enough to appear black, and
special interest attaches to observations made on it when
in this state of extreme tenuity, as the thinner it

becomes the more nearly must its thickness be compar-
able with the distance at which the forces exerted upon
one another by the molecules of which it is composed
cease to be sensible Now under whatever conditions a
film which is part black may have been formed, and
whatever its shape may be, a very rapid and remarkable
change of thickness invariably (as far as the writer's

experience goes) occurs at the boundary which divides

th° black from the coloured portion of the film.

It is indeed true that contiguous portions of films are

often of different thicknesses. Thus, when a bubble is

first blown, streams of various colours circulate rapidly

over all its surface, but as a rule, these miniature convul-
sions cease in a short time, and the colours appear in

regular order from top to bottom, each tint shading off

gradually into those which precede and follow it. Some-
times, too, and especially when a film becomes very thin,

specks of a shghtly different colour from the rest are

obserTcd moving upon its surface in paths which are

often very regular. Thus in a cylindrical film which had
been formed several hours and the top of which had be-

come black, while the rest exhibited the blue of the second
order, fakes of a deeper blue than the main body of the

film were seen to move rapidly for many minutes in such
a way as to indicate that a regular circulation was kept up
in the film. Two horizontal streams moved in opposite
directions round the base of the cylinder ; at their

meeting-point they united, and the direction of the

current became vertical, but on approaching the boundary
of the black, the stream again bifurcated, and separate
currents flowed in opposite directions round the upper
edge of the blue, which again uniting on the other side of
the cylinder, flowed down to the base and resumed their

original directions. Slight differences in the temperature
of different parts of the film would sufficiently explain

these currents, which are only mentioned here! because
the coloured flakes by which they were rendered conspi-

cuous proved the existence of inequalities in the thickness

of the film. These and the other variations in thickness

referred to above, are, however, slight compared with

those which are often observed at the edge of the black,

as to the naked eye whole orders of colours (which can,

however, in general be seen by means of a microscope)
may appear to be missing between the black and the

portitn of the film which is in contact with it. Thus, in

one case which has been noted, the latter must have been
fourteen times, and very probably was more than forty

times, thicker than the black itself.

But e\en when the colour next the black is the white
of the first order, we do not observe, as we should if the
change ir thickness were very gradual, an undefined
boundary aetween the two, shifting with every variation of

the angle of incidence of the light by which it is viewed,

but rather a definite line of demarcation ruled, as it were,

across the fJm, the position of which is independent of

the direction of the incident light, and at which the

change of thickness, if much less than that observed

in the extreme case above cited, is nevertheless very
considerable.

IJotb, then, by its comparative magnitude and by the

constancy with which it recurs, this phenomenon seems
to suggest some special connection between the form-
ation of the black portion of the film and the molecular
forces which are at play in the liquid of which it is

composed.
At the edge of the black itself, however, optical

methods fail, as above explained, to give us any further

help in investigating the form of the film, but some
information has been obtained on this point in the course

of a series of experiments on the electrical resistance of

soap films, upon which Prof. Reinold and the author of

this article are engaged, which they have recently made
the subject of a communication to the Royal Society. To
determine the thickness of a uniform soap film by measur-

ing its electrical resistance and (having previously deter-

mined the specific resistance of the hquid of which it is

composed) applying Ohm's law that the resistance of a

homogeneous conductor varies inversely as its section may
at first appear a simple problem ; but at the outset the diffi-

culty arises that the molecules of a liquid which lie very

near the surface are necessarily in a different state from

those in the interior. The latter are subjected to the action

of other molecules which are on the average distributed

symmetrically around them, while the greater number of

molecules which can exert any influence on the former

are situated on one side only. Hence the surface of a

hquid differs in its physical properties from the interior,

and there is no guarantee that the electrical resistance of

the liquid in mass is the same as that of a very thin film

skimmed off its surface. But although Ohm's law can-

not be applied to the case of a very thin film with any
certainty that the numbers obtained by its aid will be

correct, and the electrical method fails to give thoroughly

reliable information as to the thickness of a black tilm,

yet it is possible by experimenting on a film as it gra-

dually thins and the black portion increases in size, to

learn from its electrical resistance whether the thickness

of the black portion is constant, or whether, as is ordi-

narily the case with the rest of the films, it is thinner

above than below, and by repeating the investigation with

different films to determine whether the thickness of a

black film depends upon the varying circumstances of its

formation. To investigate this question fully will require

more time than the authors of the paper above referred

to have, as yet, been able to devote to it, but they have
obtained very consistent and definite results in the expe-

riments they have already made. The liquid used was
M. Plateau's " liquide glyceriquc" with three parts of

potassium nitrate added to every 100 parts of water to

improve the conductivity.

The apparatus employed consisted essentially of a glass

cylinder about 16 cm. high fitted with an ebonite cover,

through the centre of which passed a brass tube which

could be raised or depressed at pleasure, and was retained

in its position by friction.

To the lower end of the tube was attached a circular

brass plate, to which was soldered a ring of stout

platinum foil 33'5 1 mm. in diameter.

A platinum crucible, the mouth of which was of the

same diameter as the ring was placed at the bottom

of the glass vessel in a little dish containing mercury.

When the apparatus was used, a little of the liquid was

poured into the glass vessel and into the platinum crucible,

in order to prevent the film thinning by evaporation ;
a

piece of india-rubber tubing provided with a pinch-cock

was attached to the upper end of the brass tube, and a

plane film having been formed on the platinum ring was

blown out, through the tube, into a bubble which, when
large enough, adhered to the rim of the crucible. The
quantity of air inside the bubble and the position of the

various parts of the apparatus were then adjusted so as
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to make the bubble as accurately cylindrical as pos-

sible.

A current could be passed through the film by attaching

wires to two binding screws, one of which was affixed to

the brass tube, while the other, attached to the ebonite

cover, was in conducting communication with the crucible

by means of a platinum wire, which dipped into the

mercury with which it was surrounded.
This piece of apparatus was included in the arm of a

Wheatstone's bridge, by means of which and a delicate

reflecting galvanometer the resistance of the film was
measured. As the latter continually altered and generally

slowly increased, the known resistance on the bridge was
made up to a certain amount, and the moment when the

resistance of the cylinder became equal to it noted. The
part of the total resistance thus measured, which was
due to the coloured portions of the films was calculated

on the assumption that Ohm's law held good, a process

which made it necessary to determine the shapes of the

films, which increased its thickness from above to below.

This was done by measuring with a cathetometer the

breadths of the bands of colour displayed by the film when
viewed by light incident at 45°, and noting the time at

which each observation was taken. This operation was
performed at least twice, and thus the rate of motion of

the bands of colour was determined, from which data
their positions and the form of the film could be calculated

for the moments at which the electrical observations were
made.
The result of these measurements was curious and will

perhaps be best understood by means of the figure. The
curves there given show the thicknesses of all parts of a
particular him at the hours named. The upper parts
represent the black portions of the films, the lower corre-

spond to the coloured portions, and the sudden change in

thickness between the two is well marked. The curves also

illustrate very well the phenomena generally obser\ed after

the black began to form, namely, that the portion of the film

in contact with it became thicker, though never thicker
than any of the lower parts of the film, which, on the other
hand, continued to become thinner, so that at last the
whole assumed one uniform tint, which changed but slowly,

and sometimes in such a manner as to indicate an increase
in thickness. This latter phenomenon is due to absorption
of moisture from the air, but it seems not unlikely that the
thickening observed at the lower edge of the black may
have been in part due to the fact that the sudden decrease
in thickness caused by the formation of the black portion
of the film must necessitate the rapid removal of a com-
paratively large quantity of liquid from its lower edge.
The curves given in the figure, together with all the others

drawn from the data acquired, prove that the coloured
parts of the films observed did not increase regularly in
thickness from top to bottom, but that rapid changes
occurred somewhat similar to, though far less marked than.

that observed at the lower edge of the black. Some films

thicker than tho«e from which the figure was drawn showed
two such shoulders as those curves exhibit below the
black, and it was remarked that a rapid change of slo^e

in the surface of the film generally began at points where
its thickness was such as to cause it to show the yellow of

the second order when seen through the telescope of tie

cathetometer. The thicknesses of the films are neces-

sarily represented on a much larger scale than their

lengths, as the latter would cover many yards of pap;r
if magnified to the same degree as the former. Hence
the figures give only a very exaggerated representa-

tion of the forms of the films. For instance, in the case

represented in the last figure, the difterence in thickness

between the black and the rest of the film, which was the

yellow of the second order, was certainly not greater than
320-millionths of a millimetre. If, now, this increase in

thickness took place in one-hundredth of a millimetre (a

distance which would be inappreciable on the scale of the

figures), the colours of the first order and those of tl'.e

second inside the yellow would probably not have been
visible if crowded together in so small a space, yet the

transition from the black to the yellow would, in such a
case, be made by an easy slope of 3 in 100, instead of by
the abrupt change represented. We are thus, in all

probability, dealing throughout with very small curvatures,

and it is only the extraordinary sensitiveness of the tests

of the thickness of a film at our command which enables

us to detect the slight changes of slope which occur.

Having thus determined the shape of the coloured

portion of a film it is easy to calculate its resistance, and
by subtracting this calculated result from the observed
total resistance of the film to deduce that of the black

part alone, and thence to calculate the resistance of a ring

of the black of the diameter of the crucible, and i mm.
broad. If the number so obtained varies in d fferent

experiments, the inference is that either the thickaess of

the black portions of the films varies, or that the

assumption that Ohm's law was applicable to the rest of

the film was incorrect ; if it is constant we craw the

double conclusion that the thickness of a black film is

constant, and that the coloured films obey Ohm's law.

Such a method affords, however, only an unsatisfactory

test of the latter of these points, as the resistance of the

coloured portion of a film is in general so small a fraction

of that of the black part, that a considerable apparent
divergence from Ohm's law, and consequent error in its

calculated value, would not produce much error in the

resistance of the black film.

With regard to the first point, however, viz., the

variations to which the thickness of a black film is

subject, the experiments furnish some more trustworthy

information. Five cylinders were observed on five

different days, and in all thirty-six determinations of the

resistances of black films were made. The breadth of the

black ring varied on different occasions between v^ m.m.
and irS; m.m., and the total resistances measured lay

between 37 and 22 megohms. The highest and lowest

values of the resistance of a ring of the black i mm.
broad obtained from individual experiments, differ 'rom
one another by about eleven per cent, of the mean value,

but the means of each day's results agree to within about
five per cent., and the means of four out of the five days'

results agree to v/ithin two-and-a-half percent. V/e thus

learn that the thickness of the black films formed in the

same manner and with the same apparatus, varied very
little on the different occasions on which they were
observed. Uy treating the experiments in th-s way, we
mingle together indiscriminately, all the olservations

obtained from any one cylinder, whatever the breadth of

the black film may have been. If, however, it diminished

in thickness from below to above, we should e.xpect that

obscivations taken when tlie black part 01' a film was
large and therefore, on the average, thinner, would, on the
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whole, give higher values for the resistances than those

taken when it was small.

Accordingly, the results were grouped according to the

breadth of the black film, and it was found that the mean
value of the resistance of a ring i mm. broad, deduced
from experiments made when the breadth of the black

was between

and 2
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a case the same physical cause producing a maximum of

rainfall at a northern station, at the same time as a
minimum at a southern station. This is merely a sugges-

tion to show the caution which may be necessary before

we accept without qualification any fixed rule as to the

similar actions of the same physical cause at Madras,
Calcutta, and Bombay.

It may be asked to what extent the Trevandrum series

of observations confirms the results given in NATURE
(vol. xvi. p. 252) for Madras and Bombay, relatively to

the ten-yearly period. I may point out that the Trevan-
drum series comprises only three and a half cycles, too few
for any very satisfactory conclusion. It is easy, however,
to inquire to what extent the Madras and Trevandrum
series agree during the time we have observations from
both (183S-1876). Should they give the same result for

these thirty-eight years, whatever that result may be, we
may fairly conclude as to the probability of Trevandrum
giving generally the same result as Madras.
An examination of the yearly rainfalls at the two

stations during this period shows in a very niarked way a
cycle of about five years, or a double oscillation in the

decennial period ; and this for seven successive oscilla-

tions. I have in consequence sought the equations of

sines giving the most probable representation of the

mean oscillations (single and double) for the ten and a
half year period at the two stations from the thirty-eight

years' observations ; these arc as follow, l^y) being the
yearly rainfall in inches :

—

Madras ... 7 =: 5^4 sin (9 + 50°) + 4'5 sin (2 9 + 252°),

Trevandrum y = ^-b sin (9 — 17°) + 8-4 sin (2 9 -h 259°).

While the series are too short for any certain conclusions

yet the general agreement of the equations for the two
places is quite distinct.'

What I desire especially to point out is 'CixtX'ixgt double

oscillation in the ten and a half year cycle ; at Trevandrum
(where there ate iwo monsoons) the mean range amounts
to i6'8 inches ; it is only 9'2 inches at Madras ; but the

epochs of maximum and minimum are very nearly the

same at both stations as shown by the angles 252° and
259°. Also these angles give the epochs of niininiuin

rainfall both in the years of minimum and of maximum
sun-spots.

It is not my intention to seek an explanation of this

result, especially (though well shown seven times in suc-

cession) since it requires more extensive investigation, like

that for ten and a half years, before any considerable

weight can be given to it ; I have thought it desirable,

however, to bring this oscillation to the notice of investi-

gators. The object of men of science is not to prove or

disprove a case but to ascertain the truth. We are only

groping at present in the darkness, yet it is not merely
possible but probable that results of great practical im-
portance may be derived from a conjoint study of terres-

trial and solar physics, though they may not be the

precise results which were expected or, it may be, desired.

I shall endeavour at another time to give reasons for

believing this.

Putting aside all that has hitherto been considered
glorious to a nation in advancing science for its own
sake ; if we remember the vast human suffering that may
be alleviated hereafter by encouraging now the study of
solar actions as observed on the sun's surface, and as felt

on our globe by the trembling magnet, the heaving air,

and, it may be, the falling rain, there will I think be few,

who know a tithe of what science has already done for

humanity, who will not join in the demand for the small
sum required from the nation's resources for so great an
end. John Allan Broun

' The preceding equations cannot be compared with those for Madras and
Bombay (Nature, vol. xvi. p. 252), since here 0=0, for 1838-5, so that the
term for the single oscillation does not agree with, that found previously
front the longer series at Madras.

NOTES
The Lavoisier medal of the French Society for the Encourage-

ment of Industry has been awarded for the present year to Mr.
Walter Weldon, for the great progress realized by his manufacture

of bleaching powder. This medal is seldom awarded— among
the few recipients being Henri St. Claire DeviUe, Henri Giffard,

Boussingault, Ferdinand de Lesseps, and Sir Charles Wheatstone.

The presentation was made by M. Dumas, who delivered an
eloquent address.

At the next session of the French Association for the Ad-
vancement of .Science, the committee appointed on meteorology

will propose to memorialize the Cabinet to create a Meteor-

ological Institute, in which will be centralized all the meteor-

ological institutions of France, thus severing the connection

between them and the Paris Observatory.

The number of stations of the French Agricultural Meteo-

rological Service was 1,149 on July I. All the departments

except five, the poorest and the least educated, are possessed of

stations. The service was inaugurated last August. Not more

than 3, 6oo French communes are said to have telegraphic sta-

tions, so that the third part of the communes in a position to

enjoy daily telegrams have availed thetnselves of the opportimity

in less than one year. The French Agricultural and Marine

Meteorological Service has a very limited credit, not more than

30,000 francs.

In the royal castle at Niirnberg the well-known Ilimilayan

traveller Hermann v. Schlagintweit-Sakiinliinski is exhibiting

the large collection made by himself and his two brothers Adolf

and Robert during their travels in India and High Asia.

The proposal to found a popular Astronomical Institute at

Hamburg, advocated by the optician Dr. Hugo Schroder, has

been received with general favour. Indeed the project has so far

exceeded the original proposal as to include a zoological garden,

an aquarium, and, in fact, a great institute for the spread of

scientific knowledge. Popular lectures will be given at the

institute, which will be furnished with a refractor costing 188,000

marks, a^dozen of the best microscopes, a model of the world,

planetaria, &c. The first cost is estimated at 600,000 marks.

A PROPOSITION has been'made by influential members of the

Municipal Council of Paris to establish a regular course of lec-

tures on astronomy at the Montsouris Observatory. There has

been no public lectureships on astronomy at Paris since Arago

died, except at the Sorbonne and College de France, but none

of these lectures are for beginners.

Two living specimens of the Colorado beetle were found in

Liverpool docks last week ; one was taken on Wednesday on

board the Spanish .S'.^'. Carolina, which arrived about a week

previously from New York, brmging sixty head of large cattle

from Texas ; and it was supposed to have come in the fodder for

the cattle, which consisted of hay and maize. This was stored

on deck above the after hatchway close to the saloon, and the

beetle was taken crawling up the wall inside the saloon near the

ceiling. The weather having been warm the windows had been

open, and it could easily find admittance from the adjoining

fodder, which was all but exhausted. Some delay took place in

getting the ship into dock, and the cattle disembarked in con-

sequence of a misunderstanding as to the regulations regarding

the importation of cattle, so that about a week elapsed before

the ship got into dock ; and by the time she did get in fresh

fodder had immediately to be got to supply the cattle. This

relieves any anxiety which might otherwise have been felt as to

other specimens having been distributed on shore with any sur-

plus fodder. The history of the other specimen was not so

clearly traced. It,was said to have fallen from a steamer on to
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a sail of some craft, and to have been picked up by a bargeman,

who gave it to a gentleman who took it for identification to Mr.

Moore of the Free Library and Museum. But as far as can be

learned it appears to have been taken, if not in the same dock at

least in the same region of docks as the other one, so may
have possibly also come from the same source. Credit is due to

Mr. Moore for the promptitude with which he at once telegraphed

to the Privy Council the occurrence of both of these specimens.

It is only by such prompt co-operation that the Privy Council

can expect success in their eflbrts to e.tclude this dreaded pest.

Details are to hand of the volcanic eruption in Ecuador, on

June 26, referred to in last week's Nature. The eruption is sup-

posed to have originated in Cotopaxi, and the enormous quantity

of ashes ejected has spread desolation over a wide area. A
calculation has been made of the quantity of ashes which had

fallen in thirty hours, and it was estimated that on each square

kilometer of space 313 kilogrammes of ashes had fallen. A
mineralogical analysis of the ashes was made with the following

result :—Volcanic ashes composed of exceedingly fine particles

of lodestone, vitreous feldspar, hornblende, and an amorphous
substance. The eruption was accompanied by an enormous and

destructive flood of mud and water which swept down the rivers

Cutuchi, San Felipe, and Yanayaco.

We have received the^Tenth Report of the Peabody Museum
of American Archaeology and Ethnology, at Harvard University

From this we notice that the scope of the Annual Reports of the

Museum has been enlarged, and that it is proposed to print

special papers on American archaeological and ethnological

matters, so far as the funds will permit. The Museum authorities

are anxious to receive exchanges for its reports, over 200 copies

of which are now sent to foreign societies, journals, &c , of

kindred character, but thus far very few returns have been

received. We regret to see that of these few only two or three

come from England. As the formation of a working library is

one of the objects of the Museum, we would earnestly urge upon

all workers in this department to lend their aid by sending copies

of any papers they may publish, and upon all who receive copies

of the valuable Museum Reports to make what return they can.

Under the conjoint auspices of the Smithsonian Institution and

the Peabody Museum of Cambridge (U.S.) Mr. Clark Mills was

recently sent to Florida for the purpose of securing casts of a

number of Indians held as prisoners of war in the old Spanish

fort at St. Augustine. We learn that Mr. Mills has been com-
pletely successful in this object, having secured excellent like-

nesses in plaster of si.\ty-two Indians, representing some ten or

twelve different tribes. These, it is understood, will be used in

the preparation of a series of dressed lay figures of Indians in

the National Museum.

The Nez Perces Indians, who are now giving a good deal of

trouble to the United States Government, belong to the family of

the Sahaptins, whose habitat is on both sides of the middle and

lower Columbia River and its tributaries. Their reservation in

North-western Idaho has given for several years past a census of

1,400, but a large number have refused to live on the reservation

or conform to treaties made. Their name, it appears, is a

misnomer, the habit of piercing the nose to receive a white

shell, having existed only among two other and less important

branches of the same family. According to the Malioii, the Nez
Perces, while fierce and haughty, are honest, just, and often

charitable. Though their manner is often cold and reserved,

they are eminently civil, and on occasion become .social and even

gay. Quick of temper and prone to resent any apparent (raud

or injustice even more than a wanton injury, they are easily

appeased, and in general more nearly approach the "noble

savage " of romance than any of the aborigines known to the

present generation of Americans. Theyjare well and strongly

built, of a dark copper colour. The compression of the forehead

produced in infancy, almost entirely disappears in adults. The
portion of the tribe settled along the Clearwater and Lapwai
rivers and their tributaries, and the Kamia, has of late been
fairly successful in self-maintenance by farming and stock raising,

The "non-treaties" roam on the Clearwater and its branches,

and on the Snake about its forks, the Wallowa valley, however,

being their favourite pasture ground. They organize great

hunting expeditions once or twice every year, and as the buffalo

is not now found west of the Rocky Mountains, are forced to

cross the Bitter Root range to the plains between the Yellow-

stone and Missouri rivers, and so come in collision with several

tribes of their hereditary foes. Regular fishing encampments
are also formed between June and September on their home
rivers; and the salmon, with the jerked buffalo meat, and a

number of esculent roots, are laid up for their long winters.

Stock is their [main pride and wealth, however, and the herds

of the independent bands are of a highly patriarchal character.

Individuals not unfrequently own from one to three thousand

horses. The labour connected with these partly devolves on a

class of slaves, who are prisoners of war, and their descendants.

The Nez Perces have not only been passively peaceable and

friendly ever since the Louisiana purchase of 1S03, but they have

been steadfast allies of the U. S. Government in troublous times ;

and the conduct of the General Government towards thein

appears to betray a want of common sense and honesty, to say

nothing of gratitude for tried and valuable fidelity.

The scientific press of Paris lost last week one of its most

useful and respected members, M. Montucci, the scientific critic

of Galigiiatn s Artsseiv^cr, who died after a short illness, at the age

of seventy. Dr. Henry Montucci, a German by birth, had become

a Frenchman by naturalisation. lie wrote a number of books

in the French language on scientific subjects, his last work being

a "Theory of Progress." He has written a number of papers

on mathematics, which have been printed in the Comptes Rcndus
of the French Academy of Sciences. He was sent iu 1S68 by
the French Government to England and Scotland, to report on

the public instruction in these two countries.

The next eclipse of the moon is attracting the notice of

physicists and aeronauts' in France. It is proposed to make a

balloon ascent during the night of August 23-24, in order to

ascertain whether, independently of clouds, the eclipsed moon
has a bloody tinge.

The new Hotel Dieu, Paris, is now in working order, and

on Saturday, August 11, it was inaugurated by the President

of the French Republic. It covers a space of 20,000 square

yards, including gardens. Everything has been organised in

splendid style, and the most improved methods have been

adopted by, the architect. The chemical laboratories, on

an extended scale, have been organised by the exertions of

Dr. Liouville, as we reported eighteen months ago in our
" Notes," and they are now fitted up. Probably the principal

feature of the new building is the ventilation. This is accom-

plished by means of two steam engines of 40 horse-power each,

which pump the air to an altitude of 130 [feet from the

ground. The air is circulated through the rooms of patients after

having been filtered, and warmed or cooled, as is deemed
advisable, before being admitted. The circulation is to be kept

up at a rate of 100 cubic metres per hour per head. The air is

filtered again and burned after being used, to destroy infectious

germs, when it is sent out.

The Mayor and Corporation of Leamington ^have invited the

Sanitary Institute to hold its Congress in their town, and the

invitation has been accepted. The^Congreps will meet early in

October.



336 NATURE \Atigust 1 6, 1877

Prof. Marsh, ^iii continuation of his investigation of the

fossil remains of the Rocky Mountains, atinounces a new genus

and species ol toothed bird, which he calls Baptornis advtiiiis,

basing it upon a tarso-metatarsal bone. He also describes a

new fossil lizard, by fir exceeding in magnitude any land animal

hitherto discovered, which must have been fully fifty to sixty

feet in length. It was probably a herbivorous reptile. It comes

from a bed on the eastern flank of the Rocky Mountains.

The additions to the Zoological Society's Gardens include

two Rufous Tinamous (Khynclwlus nifisccns) from South

America, presentcl by Capt. Fairfax, R.N. ; a Spotted Cavy

(Coelogaiys paca) and a Coati (Niniia itxs/ca) from South

America, presented by Mr. J. Trotter ; a Gannet {Sula bas-

saiia), British, presented by Mr. S. N. Sharpe ; a Roseate

Cockatoo [CiJuiliia rincicapilla) froai Australia, presented by

Miss Potter.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

London.—The Rev. Philip Magnus, in his address at Uni-

versity College School on the occasion of the distribution of

prizes, spoke in high terms of the progress which that school

has made since he himself was a pupil in it. He referred espe-

cially to the extension of science-teacliing to the small boys of

the school, the addition of a physical lecture-room and chemical

laboratory, and to the fact that the school was one of the first

to break down the old grammar-school system of teaching, and
to see the importance of scientific instruction as well as instruc-

tion in English and other modern languages.

University College, Bristol.—The Council have selected

as Principal of the College, Mr. Alfred Marshall, M.A., Fellow
of St. John's College, Cambridge, who will also hold the Pro-

fessorship of Political Economy. Several reappointments have
been made in the College staff ; the Lecturership in Mathematics
and Applied Mechanics is still vacant. The second session will

begin on October g, and it is understood that there will be an

inaugural meeting of some importance. The College Calendar
will shortly be issued.

TiBiNOEN.—On the loth instant the University of TUbingen
celebrated, in true German style, the 400th anniversary of its

foundation. Among the other honours conferred was that of

Doctor in the Medical Faculty, upon Prof. Tyndall.

Jena.—The University of Jena has conferred upon Sir C.

WyviUe Thomson the degree of Doctor of Philosophy, "Ho-
noris causa."

SOCIETIES AND ACADEMIES
Paris

Academy of Sciences, August 6.—M. Peligot in the chaur.

— Conditions for the principal normals of a curi'e to be prin-

cipal normals of a second curve, by M. Seiret.—New con-

siderations on the localisation of cerebral centres regulating

the co-ordinated movements of articulate and written language,

by M. Bouilland. A case described in which a young man lost

the power of writing, though there was no indication of a
morbid state either in the hand or other patts of the right

arm, and which would commonly be called one of writer's cramp,
M. Bouilland attributes it to a like ciuse to that in aphasia, viz.,

lesion of a cerebral centre regulative of tiie movements
involved. And if the co-ordinating centre for oral language is

(as is thought) in the third circumvolution of the left anterior

lobe of the brain, it is considered likely that either in this circum-
volution or in the nearest part of another, resides the regulative

power for the co-operating movements of written language.

—

Experiment.al researches made with gases produced by ex-

plosion of dynamite on various characters of metcoiites

and bolides (continued), by M. Daubrce. The angularity

of the fragments in many cases indicates that they have
been subject to strongly-heated and compressed gases only
during a very short time, probably less than a second.

having been separated near the end of the bolide's course. Small
quantities of gas may give great effects, and M. Daubree
shows that the |encounter of a bolide with air in the higher
regions of the atmosphere is a fact of the same order with some
of his experiments.—Teitiary strata of Vicentin (concluded), by
MM. Ilebert and Munier-Chalmas. - M. Thenard presented
(from M. Videau, of Blanzy) a remarkable specimen of crystal-

lised glass, obtained in a Siemens furnace, acting eight months
and a half.—Spherical refraction ; exposition of the laws and
formula: of Gauss, starting with the principle of the equivalence
of physical forces, by IM. Giraud Teulon.—On the formula
2-"

-t- I, by M. Pepin.—Observations on a memoir of M. Ilaton
de la GonpiUiere, entitled "Direct and Inverse Developpoids
of Various Orders," by Abbe Aoust.—Observations of the
planets 170, 171, and 172, at the observatory of Marseilles;
discovery of the planet 173 by M. Borrelly, by M. Stephan.—

•

Elements and ephemerides of the planet 148 Gallia, by M.
Bossert.— Reply to some of the objections formulated by M.
Cosson against the project of formation of a Saharan sea, by M.
Roudalre.—Comparative influence of leafy woods and resinous
woods on rain and the hygrometric state of the air, by M.
Fautrat. If vapours dissolved in the air were apparent like

fogs, we should find forests enveloped by a large moist screen,

and for pine forests the envelope would be greater than for

others. The forest, too, receives more rain than the neigh-

bouring land, and the fact is more pronounced in the case of

pine forests than in others. Pines retain in their branches more
than half of the water poured on them, while leafy trees let 5S per
cent, go to the ground.—On the catechines, by At. Gautier.—On
the ovary during pregnancy, by M. De Llnety.—On the quantity

of hosmoglobin in red blood corpuscles, by M. Malassez. With a
new colorimeter he estimated the quantity of hiemoglobin in a
cubic millimetre of blood ; then, dividing this by the number of
corpuscles in the same volume, he arrived at the average
quantity of h.xTioglobin per corpuscles. In Parisians in the
prime of life the number got was 27*7 to 3l'9 n\x gr. (or

millionths of a millionth of a gramme). In health the
" richness in hxmoglobin " varies little in an individual

;

but in disease it is otherwise. In anaemic persons, the
quantity varied between 10 and 25 ixji. gr. Birds which
have fewer corpuscles than mammalia, have more hemo-
globin in each. The same holds for fish, reptiles, and
batrachians, but in these, the increase of hajmoglobin docs not
as in birds, compensate the diminution in number of corpuscles.

Variations in volume (of corpuscles) may explain variations in

richness in hsemoglobin among animal species little apart ; but
for those far apart one must take account of the presence of a

'

nucleus, and suppose also modifications of the globular substance.

—Experiments demonstrating that chloroform has not any action

either on septlcity or on the vibrionians of putrefied blood, by
M. Feltz. Chloroform, then, cannot serve for separating in

septic putrefied blood the diastasic from the organic ferments.

—

On a new larval form of Cestoides (second note), by M. Villot.

—M. Perez made some observations on M. Fol's opinions

regarding fecundation of the egg in the star-fish and sea-urchin.
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THURSDAY, AUGUST 23, 1877

MAURITIUS OBSERVATORY
Reportsfor 1874 and 1875 0/ the Observatory, Mauritius

{Appendices to Minutes of Council No. g 0/ iSy^t '^"'^

No. 24. of 1876). Mauritius Meteorological Results,

1874 and 1875.

'"P'HESE Reports give an interesting account of the

J- progress of the Royal Alfred Observatory at Mau-
ritius. The first division is devoted to the " Buildings,

Grounds, and Water Supply ;
" this is a more important

division than may be supposed at first sight. It appears

in the Report for 1S74, that in an attempt to arrange the

grounds extensive pits were formed which were con-

verted, through heavy rains, into noxious pools ; while in

next year's Report it is mentioned, under the head
" Staff," that all had acted with " great zeal and per-

severance notwithstanding occasional attacks of fever

from which no one here has been exempt." The cause is

indicated to be in a neighbouring marsh left undrained

since 1872 or 1873.

In a similar report by the director of an observatory

in South India to the Government, the construction of a

road from the Observatory near the sea to another on the

summit of the Ghats is mentioned as having been placed

under his superintendence. The surveyor, however, who
had to see the trace cut out, was unable to induce the

coolies to accompany him through a certain part of the

country, as a tiger had there carried away different

members of a hill tribe. The director requested the

Government to offer a suitable reward for the death of

the man-eater, but in vain ; the only reward promised

being that usually given, the estimated value of the skin

The worth of the thing was what it would bring. A
cooly, unlike a soldier, costs nothing to make him a

useful machine ; if a few coolies are snapped up by a

hungry tiger others can always be had equally capable at

the same daily rate of hire ; the finances of the State do
not suffer. If the director of the Observatory, the sur-

veyor, or any other salaried officer, should be eaten, that

would be a positive gain to the "Treasury, since the pen-

sion due for previous services would be at once cancelled.

No one can estimate the financial loss if a healthy officer

should escape in such a case !

No Government, of course, would reason in this way,
and we feel sure that of Mauritius will do what they can
to make the scientific work they have so well begun as

little dangerous as possible.

There remains, however, an annual source of discomfort

and mischief in countries like the Mauritius where the

rainfall is heavy—the '' leaking" of the roofs. This is a
more serious matter, financially speaking, than the health

of the staff, since the whole objects of the observatory

may be defeated by the action of humidity on the

different instruments, including the object-glasses of the

photo-heliograph, the equatorial, and other telescopes.

In the Report for 1S75 it is remarked that "the roof of

the main building, which leaked considerably, has been

repaired on two occasions. It still leaks, however, though

not nearly as much as it did in February last, when some
of the rooms were flooded, and books and papers were
more or less damaged," &c. The roof of the Magnetic

Vol. XVI.—No. 40S

Observatory is also noted as " now almost water-tight."

We hope the importance of this matter will be thoroughly
appreciated by the Government, since the preservation of
the instruments and the whole value of the results to be
obtained from them depends upon it.

The magnetical instruments have been placed twelve

feet under ground. We are afraid that this is not a good
arrangement. Dr. Lament tried a similar plan at Munich
during five years, and the damp rotted the wooden
supports of the roof, &c. He was at last obliged to place

all the instruments above ground. We have also tried a
similar method for a short period ; but the humidity in

such positions, and especially where the soil is frequently

saturated with water, is destructive of all satisfactory

results. The great object sought is constancy of tempera-
ture, and this can be gained to a great extent by
placing the instruments within an inner room with thick

ceiling and inner walls. Such a room need be entered

rarely, and with self-registering apparatus the parts

requiring manipulation may be placed in an external

chamber communicating with the instrument room by a
small opening in the wall.

Dr. Meldrum, the able and zealous director of the

observatory, has both magnetical and meteorological self-

registering apparatus, and in connection with the latter

he receives meteorological observations from various

stations. Astronomical work is limited chiefly to certain

occasional phenomena (the transit of Venus was observed).

There is a time-ball ; a tide-gauge is expected ; sun-

spot pictures are taken with the photo-heliograph ; sea

observations from ship-logs are studied ; storm-warnings
are given ; a magnetic survey has been begun, and special

researches are undertaken.

Among the latter are useful practical studies connected
with cyclones, which merit the greatest encouragement.
Dr. Meldrum has noticed in his Report for 1875 the
difference of his and M. Faye's views as to cyclonic

movements. The latter insists that the wind moves in

circles round the centre, while the former upholds spirally

inward flowing currents (see Nature, vol. xii. p. 45S).

This difference involves a most important question.

According to the usual rule, as M. Faye says, the centre

of the cyclone is at right angles to the direction of the

wind ; according to the other the wind is blowing towards
the centre. That is an exaggeration of Dr. Meldrum's
view ; but in the Report for 1875 he says (Art. 90) that if

a ship runs before the wind to north-west, believing the

centre of the cyclone to be to north-east, the latter may
really be to north or to north by west ; that is to say, may
make an angle of 45° or even of only 34° with the wind
direction. We cannot accept Mr. Meldrum's theory of

spiral cyclonic movements with the associated ascending
currents, in which we have never seen any reason to

believe ; but we think there is considerable evidence for

affirming that the angle made by the direction of the

surface wind and that of the cyclone centre is generally

less than 90° ; and we do not think that M. Faye, in his

effort to apply mechanical principles to the movements of

the aerial masses, has had all the conditions of the problem
before him, a fact which will appear more evident when
the results we have obtained relatively to the movements
of the atmosphere and the directions of the lines of equal

barometric pressure are taken into consideration.
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We have need, however, of more exact observations in

cyclones at different distances from the centres, as we
think it not improbable that the angle which the wind
makes with the direction of the centre may vary with the

distance from it as well as with the wind velocity.

Dr. Meldrum has also found periods foV the frequency

of cyclones and for the amount of rainfall agreeing with

the decennial period of sunspots. It will be difficult, we
think, to obtain quite satisfactory results for the cyclones,

as the amount of evidence which will prove the existence

of one will vary with the individual judging. A gale with

a certain amount of veering or backing experienced by
some ships may belong to a cyclone or it may not, there

is no precise measure in many cases where there is not a

sufficiently wide distribution of ships. No measure, also,

is taken of the dimensions of the cylone or velocity

of the wind, which it would be desirable to include in

such an investigation. Some theorists insist that all

winds are cyclonic. In any case we are inclined to believe

that if such a decennial period exist it will be more accu-

rately determined by measurements of the wind velocity

for several years at fixed stations in different parts of the

world. The question of such a period for the rainfall will,

we have no doubt, receive ultimately a distinct answer
from the observations at such stations, many series of
which Dr. Meldrum has already collected and discussed
with results in favour of the existence of such a period.

Meteorological results for 1874 and 1875 have also

been published, and these include a number of im-

portant tables relating especially to the climatology of
the Island. John Allan Broun

OUR BOOK SHELF
A Ncio London Flora; or, Handbook to the Botanical

Localities 0/ the Metropolitan Districts. By E. Ch.
de Crespigny, M.D. (London : Hardwicke and Bogue,
1877.)

There are some local floras which have more than a
local value, from the interspersion of critical notes on the
species and sub-species by competent authorities. Of
this character are Leighton's " Flora of Shropshire," and
Bromfield's of the Isle of Wight. Others, of more modest
pretensions, aim only at supplying information of interest
to collectors or to those engaged in investigating the facts
connected with the geographical distribution of plants

;

and these possess the advantage that their moderate size
enables them to be used as pocket-companions. To this
latter category belongs the little volume we have now
before us, which strikes us as being a very good volume of
its kind. The greater part is occupied by a list of species
(alphabetical, so as to avoid the necessity of an index) of
Phanerogams and Cryptogams, with the general distribu-
tion or special habitats attached. The nomenclature is

that of the " London Catalogue of British Plants of 1874,"
unencumbered by any disquisitions as to specific or
varietal distinctions, or the Innits of natural orders. Of
the 1,665 Phanerogams and Vascular Cryptogams included
in the " London Catalogue," no fewer than 1,250 are
found within the limits of the metropolitan flora. These
limits, as understood in Dr. de Crespigny's volume, are,
however, somewhat vague. They are stated to include
an " average thirty-mile radius," but the radius appears
to extend considerably further in some directions than in
others. Thus, while we find a reference to the well-
known localities for Hymenopliylliim tunbridi;euse near
Tunbridge Wells, and Osmuiuia regalis near Haslemere,

there is none to that of Anemone Pulsatilla near Hitchen.
These irregularities are, however, no doubt partly due to
the direction of the author's individual researches, which
seem to have been carried out with great zeal and accu-
racy, and to have extended over many years. The rest
of the volume is occupied by a list of seventy- five locali-

ties, the scarcest and most interesting species of the
locality being included in each list, distinguishing those
which are authenticated by the author himself—by far
the larger number. We can confidently recommend this
volume to those interested in the flora of the metropolitan
district.

Ethnography and Philology of the Hidatsa Indians. By
Washington Matthews. (Washington : Government
Printing-office, 1877).

The United States Geological and Geographical Survey
deserves the highest credit for publishing a work which
pedantic red-tapeism might have thoughtdid not belong to
its province, and Mr. Matthews deserves equal credit for

the care, thoroughness and scientific precision with which
he has compiled it. We hope that so good an example
will find many imitators. The Hidatsa (Hidacha), or
Minnetari Indians, are a branch of the Dakota family,
and now form one of the three tribes whose scanty relics

inhabit the permanent village at Fort Berthold. The two
other tribes are the Mandans and the Arickaris, and the
linguistic relations of the community form one of the
most interesting and important facts ever presented to the
notice of the philologist. " This trio of savage clans,"
says Mr. Matthews, " although now living in the same
village, and having been next-door neighbours to one
another for more than a hundred years on terms of peace
and intimacy, and to a great extent intermarried, speak,
nevertheless, totally distinct languages, which show no per-
ceptible inclination to coalesce. The Mandan and Hi-
datsa languages are somewhat alike, and probably of a
very distant common origin ; but no resemblance has yet
been detected between either of these and the Arickaree.
Almost every member of each tribe understands the lan-

guages of the other tribes, yet he speaks his .own most
fluently ; so it is not an uncommon thing to hear adialogue .

carried on in two languages, one person, for instance,

questioning in Mandan, and the other answering back in

Grosventre (Hidatsa), and vice versA. Many of them
understand the Dakota, and use it as a means of inter-

communication, and all understand the sign-language."

It should be added, as another curious philological fact

that reduplication in verbs, which is a prominent feature

of the Dakota, occurs in only one instance in the closely-

allied Hidatsa. As in many other savage idioms, slight

differences exist between the language of the women and
of the men, the former tending to substitute r for d, and
the latter preferring / and n. But the ethnologist as well

as the philologist will find plenty of materials for study
and reflection. Polygamy is practised, and a man usually

marries his brother's widow, unless she object to the

arrangement. Elopement sometimes takes place, divorce

very rarely. " As with other western tribes, it is improper
for a man to hold a direct conversation with his mother-
in-law ; but this custom seems to be falling into disuse."

Males sometimes have four names, all containing the

same noun, but a different adjective, and the names are

afterwards solemnly changed once or even oftener.

Coloured beads and pendants are made of pounded glass

procured from the Europeans ; the process of making
them is very elaborate, and the antiquity of the art may
be gathered from the fact that triangular pendants were
used, " not as ornaments only, but as evidences of
betrothal, as long ago as the oldest men can remember."
Morally, the Hidatsa seem among the best of the

Indians ; they are described as industrious, honest, and
peaceable, with fine physiques, light complexions, and
great powers of endurance.
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/ Across Central America. By J. W. Boddam Whetham.
(London : Hurst and Blackett, 1877.)

[
This is a thoroughly readable and exceedingly instructive

narrative, by a capable observer, of a journey through a

country not often visited by travellers, and of which
English readers probably know little or nothing. Mr.
Whetham gives an interesting account of some of the

wonderful ruins which exist in Central Ameiica, and we
can commend his work to our readers as possessing both
novelty and interest.

LETTERS TO THE EDITOR
[ The Editor does not hold himself responsible for opinions expressed

by his correspondents. Neither can he undertake to return,

or to correipond with the writers of, rejected manuscripts.

No notice is taken of anonymous communications.

The Editor urgently requests correspondents to keep their letters as

short as possible. The pressure on his space is so great that it

is impossible otherwise to ensure the appearance even of com-

munications containing interesting and novel facts.l

The Contractile Filaments of the Teasel

The observations of my son Francis on the contractile fila-

ments protruded from the glands of Dipsacus,' offer so new and

remarkable a fact in the physiology of plants, that any confirma-

tion of them is valuable. I hope therefore that you will publish

the appended letter from Prof Cohn, of Breslau, whom every

one will allow to be one of the highest authorities in Europe on

such a subject. Prof Cohn's remarks were not intended for

publication, but he has kindly allowed me to lay them before

your readers.

Extract from Prof. Cohn's Letter

:

—
"Immediately after the receipt of your very kind letter of

July 26 I went to fetch Dipsacus, several species of which grow
in our Botanic Garden ; and proceeding after your recommenda-
tions, I put transverse sections of the cup-like bases of youni;

leaves, or the epidermis of these parts carefully removed from

the green parenchyma, into distilled water. I thus had the

pleasure of witnessing with my own eyes this most curious dis-

covery. First I ascertained the anatomical structure of the

pear-like glands which are rather elegant and remarkable.

From the basal cell rises the stalk-cell, in the second story

there are two cells, in the third four, and in the uppermost
series eight cuneiform cells converging to the centre, liut you
may conceive how much I was surprised by seeing the filiform

protuberances issuing from the apex of the glands ; it was quite

a perplexing spectacle. The filaments are, in their refrangibility,

very like the pseudopodia of some Rhizopods {e.g., Arcella or

Difilugia). I followed their changes for some time, and remarked
quite definitely, as I find described in the paper of Mr. Francis

Darwin how the protuberances slowly lengthen out, crook them-
selves hooklike or winding, and get knobbed either at the summit
or midway ; I saw the knubs or beads glide down the thread, and
at last be sucked into a globular mass adhering to the giand.

1 saw the protuberances always rise between the septa of two
or more adjoining cells, but nearly as frequently between the

lateral septa as on the apical centre. Generally there were many
protuberances on the same gland, pressed forvvard out ol dit-

ferent spots ; sometimes I saw two diverging branches proceed

from the same point like a pair of compasses, each behaving

independently in its changes. But the most curious appearance

in these protuberances was a constant waving undulation along

their extension, sometimes slower and perceptible with difficulty,

sometimes vigorous and quicker, but never ceasing ; more deli-

cate filaments appeared to me very like Vibrio, or the vibra-

tory flagella of some Infusoria. Not finding a special description

of the waving movements of the filaments m your son's paper,

I asked some of my pupils if they saw anything remarkable in

the filaments, without indicating what, but they all took the

same impression as myself. The only facts I have not yet been
able to witness of your son's discoveries are Figs. 6, 14, 15, and
tlie moniliform contraction ; nor have I yet found time to apply
chemical reagents, of which your son has made such good use.

" Of course I am not able, after two days' inspection, to form

* Abstr.-ict published in Proc. Roy. Soc, 1877, No. 179 ; published in full

in Quarterly Journal 0/Microscopical Science. July, 1877.

a definite judgment about the true nature of the fiUform protu-
berances. Putting aside the hypothesis of a parasitic Rhizopod,
there are two probabilities which still balance in my mind,
as clearly stated by your son. (i) The protuberances are secre-

tions of some colloidal matter, absorbing water, but insoluble
in it ; the movements are physical (not vital ones), the elonga-
tion of the filaments depending upon the imbibiiion, their con-
traction on the withdrawal of water by different reagents. There
are such substances, e.g., myeline, which shows rather similar

changes in water. Please also to repeU the experiments I

performed at the meeting of the British Association last year.

Into a cylindrical glass containing soluble silicate of alkali

(Waeserglas), diluted with half its amount of water, put a small
piece of crystallised chloride of iron ; from the fragment there

rises a hollow reddish tube growing upwards and moving very
quickly, like an Enteromorpha. But if you put into the diluted

silicate some protocliloride of iron (the latter is usually in the form
of a powder, but may easily be brought by gentle pressure 01

the fingers into crumb-like masses), then from the lumps there

arise innumerable filaments, very delicate and transparent, very

like the glass threads of Hyalonema, which rise in fascicules

vertically till they reach the surface of the lluid.

" But I cannot deny that the general impression produced by
Dipsacus does not contradict the hypothesis that the changes of
the filaments are the vital phenomena of protoplasmic pseudo-
podia.

" A French biologist (whose name I cannot just now
remember) has proved many years ago (I think in an early

number ol the Bull, de la Soc. Bot. de France) that the water in

the cups of Dipsacus is not a simple collection of rain in a
gutter, but a secretion of the leaf bases. If this be truly the

case, it is quite probable that the glands may have a special

adaptation for this purpose. Indeed, I should not hesitate to

agree with the vital theory, if there were any analogy known in

plauts. But further study of the phenomenon and the repeti-

tion of the chemical reactions which your son has already

indicated, will, I hope, in a short time enable me to form a more
decided judgment in this perplexing dilemma.

" In the meantime I am happy to congratulate Mr. Francis

Darwin and yourself on account of the extraordinary discovery

he has made, and the truly scientific paper in which he has

elaborated it, and which has added a series of quite unexpected

facts to the physiology of plants."

In a subsequent letter. Prof. Cohn describes what appear to

him as thinned points or pores in the cell wall of the glands from

which the filaments seem to be protruded. He also mentions

the very curious fact which he has discovered, that by adding

iodine to the detached epidermis of the leaf cups of Dipsacus

the whole fluid contents of the epidermis cells ttirn blue like

diluted starch paste, although no starch grains are met with in

any epidermis cell except in thestomata.' He adds that the

basal cell of the gland becomes blue, while the rest of it and the

excreted globules are stained yellow.

I may add that I have heard from Prof Hoffmann, of Giessen,

that he formerly observed contractile filament of a somewhat

similar nature on the annulus of Agaricus muscarius. He has

described them in the Botanische Zeitung, 1S53, and figured them,

ibid., 1859, tab. xi. Fig, 17. CHARLES Darwin
Down, Beckenham, August 15

Relations between Sun and Earth

Prof. Balfour Stewart in the last of his exceedingly

interesting articles in N.^ture (vol. xvi. p. 45) on the suspected

relations between the sun and the earth, winds up with an appeal

(which I should like to see promptly responded to by the Govern-
ment here as well as at home) in favour of the establishment of

some institution to keep a daily watch upon the luminary that is

found to exercise such a marvellous control over terrestrial mag-
netism and meteorology. He also mentions incidentally the

discovery by Dr. Hunter that the famines in Southern India

have a period of recurrence which is nearly the same as that of

sun-spot frequency. This is no doubt an exceedingly plausible

hypothesis inasmuch as five out of the six years of drought

mentioned by Dr. Hunter as preceding the years of famine

' Prof. Cohn adds that the blue coloration of the epidermis by iodine

occurs in the leaves of Omithogalum.
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during the present century fall within the group of minimum
sun-spot years, the sixth (1854) being also a year of relatively

few sun-spots (192 according to Wolf).
Dr. Hunter's avowed object, however, in writing his pamphlet

was to prove that a cycle of drouj^ht sufficient to cause famine
existed throughout the -whole of Southern India, and with this

end in view he has been content to show that a cycle of rainfall

corresponding with the period of solar maculation existed merely
for one single station, viz., Madras.

Having found a decided correspondence between the rainfall

of Madras and the eleven-year period of r^un-spots, he thence

argues somewhat hastily that the same conditions apply through-

out the whole of Southern India. This hasty generalisation from
the results of one station situated in a vast continent, the rainfall

of which varies completely both in amount and the season in

which it falls, according to locality, has been strongly contested

by Mr. Blanford, the Government meteorologist, who on making
a careful comparison of the rain'alls of seven stations, three of

which—Madras, Bangalore, and Mysore—are in Southern India,

the others being Bombay, Nagpore, Jubbulpore, and Calcutta,

finds that with the exception of Nagpore in Central India, which
shows some slight approach to the same cyclical variation which
is so distinctly marked in the Madras registers, the rest of the

.stations form complete exceptions to the rule adduced for Madras,
in many of them thehypolheticalorder of relation being reversed.

Mr. Elanford, however, shows that underlying the above irregu-

lariti^'s a certain cyclical variation exists on the average at all the

stations, the amount nevertheless being so insignificant (not more
than 9 per cent, of the to^al (alls) that it could not possibly be
considered of sufficient magnitude to become a direct factor in

the production of famine. It thus appears that the cycle of

rainlall which is considered to be the most important element in

causing periodic famines, has only been proved satisfactorilv for

the town of Madras. It may perhaps hold for the Carnatic
iind Northern Siccars—the country immediately surrounding
Madras, though, owing perhaps to the want of rainfall registers

in these districts, evidence with regard to this point is still

wanting.
Though Dr. Hunter has thus been only partially successful, I

would not attempt to detract in any way from the value of his

able pamphlet, so far as it goes, an indirect effect of which has

been to stimulate meteorological inquiry and research in the

same direction throughout India. The meteorology of this

country, from its peculiar and tropical position, is in such com-
plete unison with any changes that may arise from oscillations in

the amount of solar radiation and their effects upon the velocity

and diiection of the vapour-bearing winds, that a careful study

of it cannot fail to discover meteorological periodicities in close

connection with corresponding periods of solar disturbance. In
connection with the previous remarks, and as showing what a
close connection exists between solar and terrestrial meteorolojy,

I may observe that Mr. Hill, the meteorologist for the North-
West Provinces, and myself, have coinciHently discovered the

existence of a remarkable cycle in the winter rainfall of Northern
India, between the latitudes of 20" and 30°, corresponding in-

versely with the period of solar spots, i.e , the maximum winter
rainlall coincides with the minimum period of sun-spots, and
vice versd.

As a failure of the winter rains in the Northern Provinces in

1860-61 (yiars of niaximnm snn-spot) has been the cause of a

>evere famine, this tfieory, if completely established, would not
be without its value in the economical admmistration of the
North- West Provinces and the Punjab. I have not at present
examined the rainfalls of all the stations in the Upper Provinces,

but Mr. Hill, having readier access to them than myself, has
probably done so to a larger extent, and tells me that the results

of his investigations are similar to my own in bearing out the
preceding hypothesis. A theory is not wanting to account for

this tendency to vary inversely with the sun-spots, if we,
according to opinion held by Drs. Hahnand Koppen, Prof. Piazzi

Smyth, and Mr. Pogson, the Government astronomer at Madras,
assume that the sun's heat is greater in years of minimum
sun-spot. For in these years the anti-trade current, the descent
of which upon the Himalaya and Northern India in the winter
is generally understood to be the vehicle of the rain at that

season, would be owing to the increased evaporation over the
Southern Indian Ocean, reinforced with a larger supply of
vapour than usual, while in years of maximum sun-spot the supply
would be smaller. At all events, whatever be the real cause,

the facts as far as we have gone, are exceedingly favourable to

the existence of such a cycle. Calcutta, though lying close to

nth
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every 200 metres of height of the mountains. The heat thus

gained is liberated in the condensation of the vapour. I believe

this is satisfactory as regards the Foehti.

But this will not account for a rise of the temperature of

Southern Greenland from its mean December temperature,

which, according to Dove's map, is below freezing, to 14" C.

A rise of 14° C. would require, according to the above law, a

mountain chain 2,Soo metres, or about 8,000 feet in height, and

there is none in Greenland approaching this.

I used to think that great rises of temperature in the Arctic

winter were due to the wind tearing up the Irozen surface of the

sea, and liberating the heat of the water below ; but ihis will not

account for an increase of temperature above freezing. I have

no explanation to offer. Joseph John Murphy
Old Forge, Dunmurry, Co. Antrim, August 13

Does Sunshine Extinguish Fire?

It is a popular belief that a fire will not burn if exposed to

the sun, and, from all I have observed, it seems well founded.

Can any of your readers favour me with an explanation of the

phenomenon, if true ; or is it a mere superstition ?

Schwarzwald, August 11 Charles Watson

OUR ASTRONOMICAL COLUMN
Thk Opposition of Mars, 1877.—The present oppo-

sition of the planet Mars oiTers conditions so nearly

analogous to those of the opposition in 1S62, that the

many fine drawings made in that year, a number of

which are contained in vol. .\xxii. of the '' Memoirs " of

the Royal Astronomical Society, become available for

comparison with such as may be made during the actual

opposition. The same hemisphere of the planet is pre-

sented to the earth, and our depression from the martial

equator is sensibly the same ; thus, at opposition in 1862

the angle of position of the visible (southern) pole was

I45°'3 ^"'i ''c earth's depression -22°7, while at the

opposition of 1877 the figures are respectively i6o°'3 and
- 22° 5. The least distance of Mars from the earth in

1862 was o'4o6, while in 1877 it is 0377.
Notwithstanding Secchi observing in 1858 found the

features upon the disc of Alars irreconcilable with those

delineated in Madler's drawings made under similar cir-

cumstances in 1830, it was sufficiently evident at the

opposition of 1862 that these differences are to be attri-

buted to the temporary conditions occasioned by clouds

of varying density, form, and e.xtent, in the atmosphere

of the planet itself, heightened perhaps in some degree

by the state of our own atmosphere at the times of the

observations. A striking instance in support of this

conclusion was afforded by Mr. Lockyer's observations

on September 25, 1862. At loh. 44m., when his drawing

No. 14 was completed, the well-known spot a of Madler
was quite invisible, while when No. 15 was made shortly

afterwards, this spot was " among the most prominent
features upon the planet's disc."

,
There would appear now to be little doubt that the

green and red portions of the disc do really represent

seas and continents, and are not due to the effect of cor.-

trast, another explanation which has been suggested.

During the actual favourable appearance of the planet, we
may expect that measures will be made which will admit

of a closer determination of the position of the axis of

rotation than any yet obtained. The results at present

upon record are (i) Sir W. Herschel's, which assigns for

the longitude of the ascending node of the equator of

Mars upon his orbit, 79° 27' for 1872, and for the obliquity

of his ecliptic 28'' 42'. The reduction by Oudemann's of

Herschel's measures, make these figures 79'^ iS' and
20° S3' respectively

; (2) Schroetei's, as given by M. Tcrby,

which places the south pole in 172^ 5+''7, with latitude

60^ 33''2, whence we find for 1798, longitude of ascending

node of equator on orbit, 84^ 54', obliquity of ecliptic

27° 57' for 1798 ; and (3) Oudemann's reduction of Bessel's

measures with the Kdnigsberg heliometer, made September

28, 1830, January 21, 1835, and February 11, 1837, giving

for the place of the ascending node 80° 50', and for the

obliquity 27° 17' for 1S34. With the Ust values which

have been generally adopted, we have for the ascending

node of the equator of Mars upon the earth's equator

(N), and its inchnation thereto (I) :

—

N = 47 42 ^ 0-50 (/

I = 39 52 - °'25 U
1850)

1850).

The following table showing the angle of position of

the visible pole of Mars, and the elevation of the earth

above the plane of his equator, at the oppositions between

1850 and 1880, has been calculated from the above

elements, and may be of interest to some readers ; the

least distance of Mars from the earth is added :

—

Date of
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of members and associates at the annual meeting of

the British Association. Yet Plymouth and its sur-

roundings have a well-known scientific reputation, and
the falling off in numbers of the present meeting must
rather be looked for to the fact that one of the two sister-

towns to Plymouth has, as a body, held aloof from the

Association, than to any want of scientific interest

pervading the great port of the west of England.
At the opening meeting on the evening of Wednesday

last, there was a fair attendance, but the noble Guildhall

was not filled. It is estimated that about 1,300 persons
were present, including the members of the General
Committee, who, as usual, were accommodated with

seats on the platform. The business commenced by the

Mayor of Plymouth introducing to the meeting the

President,. Prof Allen Thomson. It was, we believe,

intended as a graceful compliment to its host, the town
of Plymouth, that the British Association requested the

mayor to take the place of the retiring president, Prof
Andrews, who is absent through illness. The meeting
went off very well and the presidential address was, not-

withstanding its difficult and abstruse nature, listened to

with profound attention, and commanded the respect

which must be paid to anything coa.ing from so high an
authority upon embryology as Prof Allen Thomson.
On the next morning the sectional addresses were de-

livered, some of which appeared in our last issue and others

we give in the present number. In Section A the address
by Prof Carey Foster, F.R.S., was warmly received and
elicited great applause when he spoke of the radiometer
and of the great value of the researches of Mr. Crookes,
notwithstanding the recent utterances of an influential

mover in Scientific circles which might have a tendency to

depreciate the value of those researches. Prof Haughton,
of Dubhn, read two papers, the first upon a method of
calculating the absolute duration of geological periods,
and the second, a reply to Prof Newcomb upon the
co-efficient of acceleration of the moon's mean motion as
illustrated by the original account of the solar eclipse of
Agathocles. Upon both papers an interesting discussion
took place.

At the same section Prof. Osborne Reynolds read a
paper (which we publish to-day) upon the rate of pro-
gression of groups of waves and the rate at which energy
is transmitted by waves. The paper was illustrated by
a very beautiful model in which the progression of wave-
groups was made visible to the audien~e by means of a
long series of light pendulums connected elastically with
one another.

Friday was a great day in Section A as far as attend-
ance was concerned. It had been announced the day
before that Mr. Preece would 'read a paper on the tele-
phone and show it at work, and that Sir WiUiam
Thomson would make a communication to the section on
the possibiUty of life on a meteoric stone falling on the
earth. In anticipation of these two papers the room of
Section A was crowded from an early hour, and although
there were several long mathematical papers on the list,

the non-mathematical visitors waited in the most patient
manner for the papers they had come to hear. It so
happened, however, that the papers that appeared so dry
to those waiting for something else were of the very
highest interest and value to mathematicians and astro-
nomers ; especially that by Prof J. C. Adams on his dis-
covery of original papers by Newton which proved that that
great philosopher had solved some of the most important
lunar problems, the solution of which has been till now
attributed to a much later date, and proving most con-
clusively that Newton had never fallen into the error
which for years had been attributed ta him.

Sir Wm. Thomson's paper on the possibility of a meteor-
ite becoming the vehicle of animal life to this earth from
another planet, or heavenly body, was evidently listened
to with much enjoyment. Sir William sees no difficulty

in the assumption that animals or germs might without
injury be conveyed to this earth by meteorites if protected
in the crevices of the meteoric mass, and much amuse-
ment was caused by his saying that though the outside

shell of a meteoric stone might be incandescent from the
friction caused by its flight through the terrestrial atmo-
sphere, yet within a crevice of that stone might be con-
cealed a Colorado beetle, which, falling on the earth,

might become the father of a large and prosperous
family. The anmsement caused by this quaint idea was
increased to roars of laughter when Prof Haughton, with
his well-known wit, ridiculed the idea of the transmission
of living animals by meteorites, and said that if Sir

William Thomson had spoken of a Colorado beetle

arriving by a meteoric stone becoming the mother of a
large number of baby Colorado beetles he might have
felt some sort of alarm, but he didn't care how many
papa beetles came, so long as they left the mamma
Colorado beetles at home.

Mr. Preece followed with his paper on the telephone.
The room was crowded to excess and the paper was of

the highest possible interest, and not only illustrated by
diagrams and the instruments themselves, but the latter

were connected by wires with the post-office at Plymouth,
about a quarter of a mile ofl" and with that at Exeter
some fifty miles away. By means of Bell's articulating

telephone the human voice was distinctly conveyed and
conversations were carried on between the two stations.

Owing to induction from the parallel wires between
Plymouth and Exeter, there was a confused roar as from
hail pattering on a window pane, and no words could be
heard, but in his lecture in the Guildhall on the following
evening, the traffic was stopped for ten minutes, and a
conversation was carried on by the human voice between
Plymouth and Exeter. The Guildhall on the occasion of
Mr. Preece's lecture, was crammed almost to suffocation,

and the discourse lasted two hours and a half; the
lecture was upon telegraphy, but the telephone was
undoubtedly the chief attraction.

The instrument was again described in Section G this

afternoon by the inventor, Dr. Graham Bell, who arrived
from Liverpool yesterday ; he was received with enthu-
siastic applause, and a most interesting series of
experiments were shown in illustration of his paper.
At the General Committee Meeting yesterday, a letter

from the city of York was read by the secretary, inviting the
British Association to celebrate their jubilee or fiftieth

anniversary in that city in consideration of the fact that the
first meeting of the Association was held at York in 1831.
The invitation was unanimously accepted.

After some quiet discussion the resolution that the Asso-
ciation should visit Nottingham in 1879, and Swansea in

1880, was carried unanimously ; whereupon Prof Haughton
rose, and, amidst great laughter, expressed his regret at
the proceedings terminating so peacefully, for, as an Irish-

man, he never liked to see a good fight stopped. Mr.
Spottiswoode is to be president at the Dublin meeting.
Some wholesome resolutions have been approved of by

the Council on the regulations as to the admission of
papers to be read in the various sections. With regard
to the discontinuance of Section F the Council ask the
General Committee to report more fully on the reasons
which have induced them to recommend this step.

Pi.VMOUTH, Wednesday

[By Td,-gmpli\.

The following grants were passed at the meeting of the
General Committee held at the Royal Hotel to-day. The
names of the members who would be entitled to call on the
general treasurer for the respective grants are prefixed :—

Mathematics and Physics. £
Cayley, Prof.—Continuation ot Borckhardt's Tables ... 100
Foster, Prof. Carey.— Observation of Atmospheric Elec-

tricity at Madeira :j
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Glaisher, Mr. J.—Luminous Meteors 10
Joule, Dr.—Determination of the Mechanical Equivalent

of Heat (renewed) 65
Thomson, Sir W.— Aleasurement of the Lunar Disturb-

ance of Gravity (renewed) 50

Chemistry.

Brown, Prof. Crum.— Quantitative Estimation of Atmo-
spheric Ozone 10

Roberts, Mr. Chandler.—Chemical Composition and
vSiructure of some of the less-known Alkaloids ... 25

Geology.

Evans, Mr. L—Kent's Cavern Exploration 50
Evans, Mr. J.—Kecord of the Progress of Geology ... 100
Godwin Austen, Mr.— Kertish Boring Exploration ico
Harkness, Prof.—North-West Highlands Fossils 10
HaugViton, Rev. Dr.— Fermanagh Caves Exploration ... 30
Herschel, Prof. A.—Thermal Conductiviiy of Rocks ... 10

Hull, Prof.— Circulation of Underground Waters 15
I.ubbock, Sir J., Bait.—Victoria Cave, Settle, Exploration 100

Biology.

Dew Smith, Mr.—Table at the Zoological Station,

Naples 75
Fox, Col. Lane.— Exploration of Ancient Earthworks ... 25
McKendrick, Dr.—Investigation of Pulse Phenomena by

Thomson's Siphon Recorder 10
Rolleston, Prof.— Examination of two Caves and Tu-

muli near Tenby 25
Stainton, Mr.—Record of Zoological Literature ico
Thomson, Dr. Allen.—Transmission of Electrical Im-

pulses through Nerve Structure 30

Statistics and Economic Science,

Farr, Dr.—Anthropometric Committee (renewed) 66

mechanics.

Froude, Mr. \V.—Instruments for Measuring the Speed
of Ships (renewed) 50

Thomson, Sir W.—Datum Level of the Ordnance
Survey 10

^£1,081

SECTION A.—M.vrHE.MATiCAL and Physical.

On the Rate of Progression of Groups of Waves and the Kate
at which Energy is 7'ransmitfed by Heaves, by Prof. Osboine
Reyrolds, F.R. S.—When several waves forming a discontinuous

group travel over the surface of deep water, the rate of pro-

gress on of the group is always much less than the rate at which
the individual waves which compose the group are propagated.

As the waves approach the front of the group they gradually

dwindle down and die out, while fresh waves are continually

arising in the rear of the others. This, which is a well-known
phenomenon, presents itself to our notice in various ways.

When a stune is thrown on 10 the surface of a pond, the series

of rings which it causes gradually expands so as finally to embrace
the entire suiface of the water ; but if carelul notice be taken it

is seen that the waves travel outwards at a considerably greater

rale than that at which the disturbance spreads.

Or, when \newmg a rough sea, if we endeavour to follow with

the eye any wave wtiich is larger than its neighbours, we find,

after following it in its course for a short distance, that it has

lost its extra size, while on looking back we see that this has
been acquired by the succeeding wave.

But perhaps the most striking manifestation of the phenomenon
is in the waves which spring from the bows of a rapid boat, and
attend it on its course. A wove from either bow extends liack-

wards in a slanting direction for some distance and then dis-

appears ; but immediately behind it has come into existence

another wave parallel to the first, beyond which it extends for

some distance when it also dies ou', but not before it is followed

by a third which extends still farther, and so on, each wave over-

lapping the others rather more than its predecessor. AlthoU(,h

not obvious, very little consiJeration serves to show that the

stepped form of these columns of w.aves is a result of the continual

dying out of the waves in front of the group, and the formation

of fresh waves behind. For as each wave cuts slantwise through
the column formed by the group, one end is on the advancing
side or front of the group, and this is continually dying while the
other is in the rear and is always growing.

So far as I am aware, no general explanation of these pheno-
mena has as yet been given It has been shown, and I believe
first by Prof Stokes, that if two series of parallel waves of equal
magnitude, but differing slightly in length, move simultaneously
in the same direciion over the same water so as to form a series

of groups of waves separated by bands of interference, that these

groups will advance with half the velocity of the indivicual
waves. This is doubtless an example of the same phen'imcnon,
and shows that the the iry of wave motion is capable of explain-
ing the phenomena ; but it aiipears to leave something to be
desired,—for in>tance, why should the bands of interference only
progress with half the velocity of propigaiion in a deep sea.

whereas in sound the corresponding bands of interference which
constitute the beats move at the sa'iie velocity as the waves.
My object in this paper is to point out a fact in connection

with wave transmission which appears to have hitherto passed
unnoticed at all events in connection with the phenomena de-
scribed above, of which it affords a clear and complete explana-
tion. One of the several functions performed by waves progressing
through a medium is the transmission of energy. Thus the
energy which we receive from the sun is brought to us in the
waves of light and heat ; so in the case of sound the work done
by the arm of the drummer is transmitted to our ears by the
waves of sound. It is possible however to have waves which
travel through a medium without conveying energy; such are
the waves caused by the wind on a field of corn. This kind of
wave may be well understood by suspending a series of small
balls by threads, so that the balls all hang in a row, and the
threads are all of the same length. If we then run the finger

along, so as to set the balls oscillating in succession, the mo'ion
will be such as to give the idea of a .series of waves propagated
from one end to the other ; but in reality there is no propagation,
each pendulum swings independently of its neighbours, there is

no communication of tnergy, the waves being merely the result

of the general arrangement of the motion.

In this case there is no communication of energy, neither is

there any propagation of disturbance. Any one ball may be set

swinging without in the least disturbing the others ; and what is

indicated here is a general law that wherever a disturbance is

transmitted through a medium by waves there must always be
communication of energy. The rate at which energy is trans-

mitted in different media, or by different systems of waves, is

very different. This may be illustrated at once by experiment.
If the balls just described are all connected by an elastic thread,

then they can no longer swing independently. If one be set in

motion then, by virtue of the connecting thread, it will communi-
cate its motion to its neighhouis until they swini; with it, so that
now waves wou'd he propagated through the balls. The rate at

which a ball would imp.irt its motion, i.e. its energy, to its

neighbours would clearly depend on the tension of the con-
necting thread. If this was very slight compared with the weight
of the balls it would stretch, and the ball might accomplish
several swings before it had set its neighbours in full motion, so
that of the initial energy of disturbance a very small portion is

communicated at each swing. But if the tension of the thread
be great compared with the weight of the bills, one ball cannot
be disturbed without causing a similar di.sturbance in its neigh-
bours, and then the whole energy will be communicated.
This is simply illustrated by laying a rope or chain on the ground,
and fas'ening down one end ; if then the luo^e end be shaken up
and down the wriggle caused will travel 10 the other end, leaving
the rope perfectly straight and quiet on the ground behind it, so
that in this case it is at once seen that the wave carries forward
with it the whole energy of disturbance.

The straight cord and the pendulous balls represent media in

which the waves are at the opposite limits—in one case none of
the energy of disturbance is transmitted, and in the other case
the whole is transmitted. Between these two limits we may
have waves of infinite variety, in which any degree of energy
from all to nothing is transmitted. Now the waves of sound
belong to the class of the cord in which all the energy is trans-

mitted ; but what I want particularly to make clear is that the
waves on water are between the limits ihey are analogous to the
waves in the balls suspended when connected by an elastic string

And I have so to show that according to the accepted theory of

wave motion the waves on deep water only carry forward half

the energy of disturbance.
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In regular Irochoidal waves the particles move in vertical

circles with a constant velocity and are always subject to the

same pressure. Of the energy of disturbance half goes to give

motion to the particles and half to rai^e them from their initial

position to the mean height which they occupy during the

pas'irige of the wave.
Now the mean horizontal positions of the particles remain

unaltered by the waves, hence, since their velocities are constant,

none of their energy of motion is transmitted ; nor since the

pressure on each particle is constant can any energy be transmitted

by pressure. The only energy therefore which remains to be trans-

mitted is the energy due to elevation, and that this is transmitted

is oljvious since the partirles are movin,' forward when above

their mean position, and backward when below it. This energy

constitutes half the energy of disturbance, and this is therefore

the amount transmitted.

For a defiiiie mathematical nroof that

—

In wives on deep luater the rate at which the energy is cairied

forward is 4 the energy ofdisturbance per unit of length X ''')' the

rate of propagation.

I,et //„ be the initial height occupied by a particle supposed to

be of unit weight, h-^ the height of the centre of the circle in

which it moves as the wave passes, r the radius of the orbit, and
e the angle the radius vector makes with the horizontal diameter,

then the height of the particle above its initial position is

//[ -/;(, + ) sin fl, adding to this the height due to its velocity

we have the whole energy of disturbance

—

=
2(/;i

- h^ + rsine.

The velocity of the particle is

—

= -/2^(//, -/;„),

end the horizontal component of this is

—

= '•^zfiyh^ - //^.sin 9.

Therefore the rale at which energy is bemg transmitted by the

particle

—

= {2 (/', - /'„) + rsin e] Vi7(//i - '''0")
• sin 6.

and the mean of this

—

^/i 2 ('', - /'„) + r sin e| \'2g (//j - //„) sin i d 9

= 3'- '^2^»-(/;i-l„),

and if \ be the length of the wave and n \ the rate of propa-
gation

—

7 7 V r^
-i
2 c A

h, - hi, = ana —^^ = Awr',
\ \

. . the mean rate at which energy is transmitted by this particle

= n\ (y^j - //„),

or the rate of propagation multiplied by half the energy of dis-

turbance. Q.E.D.
It now remains to come back to the speed of the groups of

waves and to show that if the rate at -which energy is transinittid

is equal to the rate of propagation multiplied by half the energy of
aistnrbance, then the velocity ofa group of waves will be \ that of
the indiv'dual wtrr'es.

Let /'i, P^, F.^, P^ be points similarly situated in a series of

waves which gradually diminish in size and energy of disturbance
from Pi, to /"i, in which direction they are moving. Let E be
the energy of disturbance between j"j and P^ at time t, E + a
the energy between P2 and /j, E + 2a between P.^ and P^, and
so on.

Then at the time t + n after the wave has moved through one
wave-length it follows that the energy between P^ and P,
will be

—

f

_ E + E + a = E +

and between P^ and P.^ wUl

_ E + a + E + 2a E +
3«

and again after another interval, u, the energies between P^ and
P„, P^ and /"a will be respectively—

E + ^+ E + lJh

= I L = E + a,

S«

So that after the waves have advanced through two wave-lengths
the distribution of the energy will have advanced one, or the

speed of the groups is .^ that of the waves. Q.E.D.
Of course this reasoning applies equally to the waves on the

suspenr^ed balls, when connected by an elastic string, as to

water ; and in this c.Tse the conclusions may be verified for, as

on water, the groups of waves travel at a .slower rate than the
waves. This experiment tends to throw light on the manner in

which the result is brought about. When a ball is disturbed,

the disturbance is partly communicated to the adjacent ball by
the connecting string, and part retained in the form of pendulous
oscillation

; that part which is propagated forward is constantly

reduced in imparting oscillations to the successive balls and soon
dies out, while the motion retained by the swinging pendulum
con^tantly gives rise to succeeding waves until it is all absorbed.
If the tightness of the cord be adjusted to the length of the
suspending threads, waves may be made to travel along in a
manner closely resembling the way in which they travel on
water, the speed of the group being \ the speed of the individual

waves.

Although the progression of a group has hitherto been spoken
of as if the form of the group was unaltered, this is by no means
the case as a rule.

In the mathematical investigation it was assumed that the
motion of the particles is circular ; this, however, cannot be the
case when the succeeding waves differ in size by a sensible quan-
tity, and hence in this case the form of the group cannot be
permanent. .\nd it may be further shown that as a small group
proceeds, the number of waves which compose it will continually

increase, until the gradation becomes indefinitely small ; and
this is exactly what is observed, whether on water or on the
strings.

.So far as we have considered deep water, when the water
is shallow compared with the length of the waves, the results

are modified, but in this case the results as observed are strictly

in accordance with the theory.

According to thi-, as waves enter shallow water the motion of

the particles becomes elliptical, the eccentricity depending on
the shallowness of the water ; and it may be shown that under
these circumstances the r.ate at which energy is transmitted is

increased, until when the elliptic paths approach to straight

lines the whule energy is transmitted, and consequently it follows

that the rates of the speed of the groups to the speed of the waves
will increase as thewater becomes shallower, until theyare sensibly

the same. In which case only the groups of waves are perma-
nent, and Mr. Scott Russell's solitary wave is possible, liesides

the expl mat ion thus given of these various phenomena, it appears

that we hive here a means of making some important verifica-

tions . f: he assumptions on which the wave theory is based

;

for the rcUiive speed of the groups and the waves which com-
pose them affords a criterion as to whether or not the particles

move in circles.

.SECTION D.—Biology.
Department of Anthropolos;y.

Address by Francis Galton, F.R.S.

Permit me to say a few words of personal explanation to

account for the form of the .iddress I am about to offer. It has been
the custom of my predecessors to give an account of recent pro-

ceedings in anthropology, and to touch on many branches of that

wide subject. But I am at this moment unprepared to follow

their example with the completeness I should desire and you
have a right to expect, owing to the suddenness with which I

have been called upon to occupy this chair. I had indeed the

honour of being nominated to the post last spring, but circum-

stances arising which made it highly probable that I should be
prevented from attending this meeting, I was compelled to ask

to be superseded. New arrangements were then made by the

Council, and I thought no more about the matter. However,
at the last moment, the accomplished ethnologist who otherwise

would have presided over you was liimself debarred by illness

from attending, and the original plan had to be reverted to.

Under these circumstances 1 thought it best to depart some-
what from the u&Uil form of addresses, and to confine myself to

certain topics with which I happen to have been recently

engaged, even at the risk of incurring the charge of submitting

to you a memoir rather than an address.

1 propose to speak of the study of those groups of men who
are sufficiently similar in their mental characters or in their
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pVysiognomy, or in both, to admit of classification ; and I espe-

cially desire to show that many methods exist of pursuing the

inquiry in a strictly scientific manner, although it has hitherto

been too often conducted with extreme laxity.

The types of character of which I speak are such as those

described by Theophrastu?, La Bruyere, and others, or such as

may be reid of in ordinary literature and are universally recog-

nised as being exceedingly true to nature. There are no worthier

professors of this branch of anthropology than the writers of the

higher works of fiction, who are ever on the watch to discrimi-

nate varieties of character, and who have the art of describing

them. It would, I think, be a valuable service to anthropology

if some person well versed in literature were to compile a volume
of extracts from novels and plays that should illustrate the pre-

valent types of human character and temperament. Wtiat,

however, I especially wish to point out is, that it has of late

years become possible to pursue an inquiry into certain funda-

mental qualities of the mind by the aid of exact measurements.

Most of you are aware of the recent progress of what has been

termed psycho-physics, or the science of subjecting mental pro-

cesses to physical measurements and to physical laws. I do not

now propose to speak of the laws that have been deduced, such

as that which is known by the name of Fechner, and its

numerous offshoots, includifigthe law of fatigue, but I will briefly

allude to a few instances of measurement of mental processes,

merely to recall them to your memory. They will show what I

desire to lay stress upon, that the very foundations of the

differences between the mental qualities of man and man admit
of being gauged by a scale of inches and a clock.

Take, for example, the rate at which a sensation or a volition

travels along the nerves, which has been the subject of numerous
beautiful experiments. We now know that it is far from instan-

taneous, having indeed no higher velocity than that of a railway

express train. This slowness of pace, speaking relatively to the

requirements that the nerves have to fulfil, is quite suflicient to

account for the fact that very small animals are quicker than

very large ones in evading rapid blows, and for the other fact

that the eye and the ear are situated in almost all animals in the

head, in order that as little time as possible should be lost on
the road, in transmitting their impressions to the brain. Now
tfie velocity of the complete process of to and fro nerve trans-

mission in persons of different temperaments has not been yet

ascertained with the desired precision. Such difference as there

may be is obviously a fundamental characteristic and one that

well deserves careful examination. I may take this opportunity

of suggesting a simple inquiry that would throw much light on
the degree in which its velocity varies in different persons, and
how far it is correlated with temperament and external physical

characteristics. Before I describe the inquiry I suggest, ani
towards which I have already collected a few data, it is necessary

that I should explain the meaning of a term in common use

among astronomers, namely, " personal equation." It is a well

known fact that different observers make different estimates of

the exact moment of the occurrence of any event. There is a

common astronomical observation, in which the moment has to

be recorded at which a star that is travelling athwart the field of

view of a fixed telescope, crosses the fine vertical wire by which
that field of view is intersected. In making this observation it

is found that some observers are over sanguine and anticipate

the event, while others are sluggish and allow the event to pass

by before ihey succeed in noting it. This is by no means the

effect of inexperience or maladroitness, but it is a persistent

characteristic of each individual, however practised in the art of

making observations or however attentive he may be. The dif-

ference between the time of a man's noting the event and that of

its actual occurrence is called his personal equation. It remains

curiously constant in every case for successive years, it is carefully

ascertained for every assistant in every observatory, it is putilished

along with his observations, and is applied to them just as a

correction would be applied to measurements made IJy a foot-

lule, that was known to be too long or too short by some definite

amount. Therefore the magnitude of a man's personal equation

indicates a very fundamental peculiarity of his constitution ; and
the inquiry I would suggest, is to make a comparison of the age,

height, weight, colour of hair and eyes, and temperament (so far

as it may admit of definition) in each observer in the various

observatories at home and abroad, with the amount of his per-

sonal equation. We should thus learn how far the more obvious

physical characteristics may be correlated with certain mental
ones, and we should perhaps obtain a more precise scale of

temperaments than we have at present.

Another subject of exact measurement is the time occupied in

forming an elementary judgment. If a simple signal be suddenly
shown, and if the observer presses a stop as quickly as he can
when he sees it, some Utile time will certainly be lost, owing to

delay in nerve transmission and to the sluggishness of the

mechanical apparatus. In making experiments on the rate of

judgment, the amount of this iraterval is first ascertained. Then
the observer prepares 'nimself for the exhibition of a signal that

may be either black or white, but he is left ignorant which of the

two it will be. He is to press a stop with his right hand in

the first event, and another stop with his left hand in the

second one. The trial is then made, and a much longer interval

is found to have elapsed between the exhibition of the alternative

signal, and the record of it, than had elapsed when a simple

sijjnal was used. There has been hesitation and delay : in short,

the simplest act of judgment is found to consume a definite time.

It is obvious that here, again, we have means of ascertaining

differences in the rapidity of forming elementary judgments and
of classifying individuals accordingly.

It would be easy to pursue the subject of the measurement of

mental qualities to considerable length, by describing other kinds

of experiment, for they are numerous and varied. Among these

is the plan of Prof. Jevons, of suddenly e.xhibiiing an unknown
number of beans in a box, and requiring an estimate of their

number to be immediately called out. A comparison of the

estimate with the fact, in a large number of trials, brought out

a very interesting scale of the accuracy of such estimates, which

would of course vary in different individuals, and might be used

as a means of classification. I can im.agine few greater services

to anthropology than the collection of the various experiments

that have been imagined to reduce the faculties of the mind to

exact measurement. They have engaged the attention of the

highest philosophers, but have never, so far as I am aware, been

brought compendiously together, and have certainly not been

introduced, as they deserve, to general notice.

Wherever we are able to perceive differences by inter-com-

parison, we may reasonably hope that we may at some future

time succeed in submitting those differences to measurement.

The history of science is the history of such triumphs. I will

ask your attention to a very notable instance of this, namely,

that of the establishment of the scale of the thermometer. You
are aware that the possibility of making a standard thermometric

scale wholly depends upon that of determining two fixed points

of temperature, the interval between them being graduated into

a scale of equal parts. These points are, I need hardly say, the

temperatures of fre.-zing and of boiling water respectively. On
this basis we are able to record temperature with minute accu-

racy, and the power of doing so has been one of the most

important aids to physics and chemistry as well as to other

branches of investigation. We have been so accustomed, from

our childhood, to hear of degrees of temperature, and our scien-

tific knowledge is so largely based upon exact thermometric

measurement, that we cannot easily realise the state of science

when the thermometer, as we now use it, was unknown. Yet

such was the condition of affairs so recently as two hundred

years ago, or thereabouts. The invention of the thermometer,

in its present complete form, was largely due to Boyle, and I

find in his "Memoirs" (London, 1772, vol. vi. p. 403) a letter

that cannot fail to interest us, since it well expresses the need of

exact measurement that was then felt in a particular case, where

it was soon eminently well supplied, and therefore encourages

hope that our present needs as anthropologists may hereafter, in

some way or other, be equally well satisfied. The letter is irom

Dr. John Beale, a great Iriend and correspondent of Bojle, and

is dated February, 1663. He says in it :

—

"I see by several of my own tbetmoneters that the glass-

men are by you so well instructed to make the stems in equal

proportions, that if we couli name some degrees, .... we
might by the proportions of the glass make our discourses intel-

ligible in mentioning what degrees of cold our greatest frosts

dio produce If we can discourse of heit and cold in

their several degrees, so as we may signify the same intelligibly,

.... it is more than our forefathers have taught us to do

hitherto."

The principal experiments by which the mental faculties may
be measured require, unfortunately for us, rather costly and,.deU-

cate apparatus, and until physiological laboratories are more

numerous than at present, we can liardly expect that they will

be pursued by many persons.

Let us now suppose that, by one or more of the methods I

have described or alluded to, we have succeeded in obtaining a
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gioup of persons resembling one another in some mental quality,

and that we cle.-ire 10 acieimine the external physical charac-

teristics and features mo^t commonly associated with it. I have

nothing new to say as regards the usual anthropometric

measurements, but I wish to speak of the great convenience of

photographs in conveyinu thnse subtle but cleaily visible

peculiarities of outline which almost elude measurement. It is

stiange that no use is made of photOLraphy to obtain careful

studies ut the head and features. No single view can pos-

sibly exhil)it the whole of a solid, but we require for Jthat

purpose viewi to be taken from three points at right

aiiiJles to one anothei-. Just as the architect requires to

know the elevation, side view, and plan of a house, so the

anthropologist ought to have the full face, profile, and view

of the head from above of the individual whose features he is

studying.

It miyht be a great convenience, when numerous portraits

have to be rapidly and inexpensively taken for the purpose of

anthropological studies, to arrange a solid framework supporting

three mirrors, that shall afford the views of which I have been

speaking, by reflection, at the same moment that the direct

picture of the sitter is taken. He would present a three-quarter

tace to the camera for the direct picture, one adjacent mirror

would reflect his profile towards it, another on the opposite side

would reflect his lull face, and a third sloping over him would
reflect the head as seen from above. All llie reflected images

would lie at the same optical distance from the camera, and
would, therefore, be on the same scale, but they would be on a

somt what smaller scale than the picture taken directly. The
result would be an ordinary photographic picture of the sitter

surrounded by three different views of his head. Scales of inches

attached to the framework would appear in the picture and give

the means of exact measurement.
Having obtained drawings or photographs of several persons

alike in most respects, but differing in minor det-iil-^, what sure

msthod is there of extracting the typical characteristics from

them? I may mention a plan which had occurred both to Mr.
Herbert Spencer and mysel', the principle of which is to super-

impose optically the \atious drawings and to accept the aggre-

gate result. Mr. Sf encer suggested to me in conversation that

the drawings reduced to tiie same scale might be traced on
separate pieces of transparent paper and secured one upon
another, and then held between the eye and the light. I have

attempted this with some success. My own idea was to throw
(aint images of the several portraits, in succession, upon the

same sensitised photographic plate. I may add that it is per-

fectly easy to superimpose optically two portraits by means of a

stereoscope, and that a person who is used to handle instruments

will find a common double eye-gl.iss fitted with stereoscopic

lenses to be almost as effectual and far handier than the boxes

sold in shops.

In illustration of what I have said about photographic
portraits, I will allude to some recent experiences of my own in

a sutject that I have still under consideration. In previous

publications I have treated of men who have been the glory of

mankind, I would now call your attention to those who are its

disgrace. The particular group of men I have in view are the

criminals of England, who have been condemned to long terms

ol penal servitude for various heinous offences.

It is needless to enlarge on the obvious fact that many persons

have become convicts who, if they had been afforded the average
chances of doing well, would have lived up to a fair standard of

virtue. Neither need I enlarge on the other equally obvious
fact, that a very large number of men escape criminal punish-

ment, who in reality deserve it quite as much as an average

convict. Making every allowance for these two elements of

nnceitainty, no reasonable man can entertain a doubt that the con-

vict class includes a large proportion of consummate scoundrels,

and that we are entitled to expect to find in any large body of

convicts a prevalence of the truly criminal charactistics, what-
ever these may be.

Criminaliiy, though not very various in its development, is

extreniely complex in its origin : nevertheless, certain general

conclusions are arrived at by the best writers on the subject,

among whom I would certamly rank Prosper Despine. The
ideal ci iminal has three peculiarities of character ; his conscience

is almost deficient, his instincts are vicious, and his power of

.self-control is very weak. As a consequence of all this, he usually

detests continuous labour. This statement applies to the criminal

classes generally, the special conditions that determine the

de»ciiptiun of crime being the character of the instincts; and

the fact of the absence of self-control beinij due to ungovern-

able temper, or to passion, or to mere imbecility.

The deficiency of conscience in criminals, as shown by the

absence of genuine remorse for their guilt, appears to astonisii

all who first become familiar with the details of prison hie.

Scenes of heartrending despair are hardly ever w tnes^ed among
prisoners ; their sleep is broken by no uneasy dreams— on the

contrary, it is easy and sound ; they have also excellent appetites.

But hyprjcrisy is a very common vice ; and all my inlormatioii

agrees in one particular, as to the utter untruthfulness of

ciiminals, however plausible iheir statem;nts may appear to be.

The subject of vicious instincts is a very large one ; we must
guard ourselves against looking upon them as perversions,

inasmuch as they may be strictly in accordance with the healthy

nature of the man, and, being transmissible l>y inheritance, may
became the ncrmal characteristics of a healthy race, just as the

sheep-dog, the retriever, the pointer, and the bull-dog have their

several instincts. There can be no greater popular error than the

supposiiion that natural instinct is a perfectly trustworthy guide,

for there are striking contradictions to such an opinion in

individuals of every description of animal. All that we aic

entitled to say is, that the prevalent instincts of each race are

trustworthy, not those of every individual. A man who is

counted as an atrocious criminal by society, and is punished as such

by the law, may nevertheless have acted in strict accordance with

his instincts. The idtal criminal is deficient in qualities that

oppose his vicious instincts ; he has neither the natural regard

for others which lies at the base of conscience, nor has he

sufficient self-control to enable him to consider his own selfish

interests in the long run. He cannot be preserved from criminal

misadventure, either by altruistic or by intelligently egoistic

sentiments.

It becomes an interesting question to know how far these

peculiarities may be correlated with physical characteristics and
features. Through the cordial and ready assistance of .Sir

Edmund Du Cane, the Surveyor-General of Prisons, who has

himself contributed a valuable memoir to the Social Science

Congress on the subject, I was enabled to examine the many
thousand photograohs of criminals that are preserved for

purposes of identification at the Home Office, to visit prisons

and confer with the authorities, and lastly to procure for my own
private statistical inquiries a large number of copies of photo-

graphs of heinous criminals. I may as well say, that I begged
that the photographs should be furnished me without any names
attached to them, but simply classified in three groups according

to the nature of the crime. The first group included murder,
manslaughter, and burglary ; the second group included felony

and forgery ; and the third group referred to sexual crimes.

The photographs were of criminals who had been sentenced to

long terms of penal servitude.

By familiarising myself with the collection, and continually

sorting the photographs in tentative was s, certain natural classes

began to appear, some of which are exceedingly well marked.
It was also very evident that the three groups of criminals con-

tributed in very different proportions to the different physiognomic
classes.

This is not the place to go further into details : indeed my
inquiry is far from complete. I merely quote my experiences in

order to show the way in which questions of character, phy-
siognomy, and temperament admit of being scientifically

approached, and to give an instance of the helpfulness of pho-
tography. If I had had the profiles and the shape of the head
as seen from above, my results would have been much more
instructive. Thus, to take a single instance, I have seen many
pencil studies in outline of selected criminal faces drawn by Dr.
Clarke, the accomplished and zealous medical officer of Penton-
ville Prison ; and in these sketches a certain very characteristic

profile seemed to me conspicuously prevalent. I should have
been very glad of photographs to corroborate this. So, again,

if I had had photographic views of the head taken from above,

I could have tested, among other matters, the truth of Prof.

Benedict's assertion about the abnormally small size of the back
of the head in criminals.

I have thus far spoken of the characters and physiognomy ol

well-marked varieties of men : the anthropologist has next to

consider the life history of those varieties, and especially their

tendency to perpetuate themselves, whether to oisplace other
varieties and to spread, or else to die out. In illustration of

this, I will proceed with what appears to be the history of the
criminal class. Its perpetuation by heredity is a question that

deserves more careful investigation than it has received, but it is
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on many accounts more difficult to grapple with than it may at

first sight appear to be. The vagrant habits of the criminal

classes, thtir illegitimate unions and extreme untruthfulness, are

among the difficulties. It is, however, easy to show that the

criminal nalure tends to be inherited while, on the other hard, it

is impossible that women who spend a large portion of the best

yea'S of their lives in prison can contribute many children to the

population. The true stale of the case appears to be that the

criminal population receives sieady accessions from classes who,

without having strongly marked criminal natures, do nevertheless

belong to a tvpe of humanity that is exceedingly ill-suited to

play a respectable part in our modern civilisation, though they

are well-s-uited to flourish under half-savage conditions, being

naturally both healthy and prolific. These persons are apt to go

to the bad ; thtir daughters eon-ort with criminals and berome the

parents of criminals. An extraordinary example of this is given

by the history of the infamous Jukes family in America, whose

pedigree has been made out with extraordinary care, during no

less than seven generations, and is the subject of an elaborate

memoir printed in the thirty-first annual report of the Prison

Association of New York, 1876. It includes no less than 540
individuals of Jukes blood, among whom the number of persons

who degraded into criminality, pauperism, or disease, is frightful

to contemplate.

It is difficult to summarise the results in a few plain figures,

but I will state those respecting the fi th generation, through the

eldest of the five prolific daughters of the man who is the

common ancestor of the race. The total number of these was

103, of whom thirty-eight came through an illegitimate grand-

daughter, and eighty-five through legitimate grandchildren. Out

of the thirty-eight, sixteen have betn in gaol, six of them for

heinous offences, one of these having been commited no less than

nine times ; eleven others were paupers or led openly disre-

putable lives ; four were notoriously intemperate ; the history of

three had not been traced, and only four were known to have

done well. The great majority of the women consorted with

criminals. As to the S5 legitimate descendants, they were less

flagrantly bad, for only five of them had been in gaol and only

thirteen others had been paupers. Now the ancestor of all this

mischief, who was born abnut the year 1730, is described as

having been a hunter and a fisher, a jolly companionable man,

averse to steady labour, working hard and idling by turns, and

who had numerous illegitimate children, whose issue has not

been tiaced. He was, in fact, a somewhat good specimen of a

half-savage, without any seriously criminal instincts. The girls

were apparently attractive, marrying early and sometimes not

badly ; but the gipsy-like character of the race was unsuited to

success in a civilised country. So the descendants went to the

bad, and the hereditary moral weaknesses they may have had

rose to the surface and worked their mischief without a check.

Cohabiting with criminals and being extremely prolific, the result

was the production ot a srock exceeding 500 in number, of a

prevalent criminal type. Through disease and intemperance the

breed is now rapidly diminishing ; the iniant mortality has of late

been horrible among them, but foitunitely the women of the

present generation bear usually but few children, and many of

them are altogether childless.

This is not the place to go further into details. I have alluded

to the Jukes family in order to show what extremely important

topics lie open to inquiry in a single branch of anthropological

research and to stimulate others to follow it out. There can I e

no more interesting subject to us than the quality of the stock of

our countrymen and of the human race generally, and there can

be no more worthy inquiry than that wnich leads to an expla-

nation of the conditions under which it deteiiorates or improves.

SECTION G.

—

Mechanical Science.

The following is an abstract of the address of the pre-

sident, Mr. E. Woods, C. E:—The president ssalected the

question of railway brakes as his topic. He said that

the provision of adequate brake power to control trains was
a subject which had latterly much engaged the attention of

railway companies and of the Government. In the summer
of 1874 a Royal Commission was appointed to inquire

into the causes of accidents on railways, and the possi-

bility of removing them by further legislation. One branch of

the inquiry naturally led to the consideration of accidents caused

by collision ; and it appeared from the evidence taken before

tne Commissioners that trains were generally provided with

insuflftcient controlling power, and that the distance within which,

when running at high speed, they could be stopped by the brake

ordinarily in use had not been ascertained with any approach to

accuracy. It was under these circumstances that the Commis-

sicners applied to the railway companies to institute a definite

series of experiments to test the value of hand-brakes, and the

effect of various systems of continuous brakes. In conjunction

with Col. Inglis, R. E., he was intrusted by the Commissioners

with the supervision of the experiments, to the sati,factory

conduct of which the railway companies C->ntiibuted in the most

liberal manner. VViih few exceptions, and up to a compara-

tively recent per'od, the companies had remained content with

the brake appliances which were common forly years ago.

These, no doubt, were sufficient to control the trains in those

early days, few as they were in number, and limited in weight

and speed. The brakes were applied separately, and by hand-

power, always to the tender, and usually to some few of the

carriages and to the guard's van or vans, if such accompanied

the train. As long ago as 1858 the Board of Trade called the

special attention of the railway companies to the fact that the

amount of brake power then habitually applied was insufficient

to prevent frequent accidents occurring from collisions, many of

which they considered might be averted. Particular reference was

made to two systems which had come into duly use on the East

Lancashire and the Lancashire and Yorkshire railways, namely, the

brakes of Newall and of Fay, by means of which trains of ninety to

100 tons weight, running fifty miles an hour, could be effectually

controlled by driver or guard, even when proceeding down stesp

inclines, and brought up within a moderate distance. It was

certainly matter for surprise, seeing the advantage of continuous

brakes, that the railway companies should have so long tolerated

the old system, and been so slow to adopt a method which,

instead ol being dependent for its due action on the attention of

several persons, was effectually placed under the control of one.

This lethargy prevailed, too, throughout a period when increased

speed had come to be demanded, when augmenting traffic required

heavier train;, and when, consequently, more ponderous and

powerful engines had to be used—circumstances which ought to

have induced the companies to effect simultaneously a readjusi-

ment of their brake appliances. After the year 1850 many

attempts were made to supersede the ordinary type of brake,

some of the brakes introduced bairg self-acting and put into

operation by the momentum of the train, w^iile others actel as

sledges or shoes. None, however, proved successful. The

continuous breaks of Newall and Fay simply involved a wider

distribution of power over the different vehicles of the train, and

gave the means of applying that power by one, or, at most, two

attendants. It was' in that direction that the ingenuity of in-

ventors had recently been turned, and there were now sever*!

systems of continuous brakes in successful working on the lead-

ing railways, each claiming some special advantages over its rivals',

whether as more simple in construction, less expensive in appli-

cation, or effecting more complete con'rol of the train. The

Royal Commissioners desired that attention should be primarily

directed to the following points :— i. The distances within

which trains running at various speeds could be stopped by the

system of brakes in ordinary use on the dilTerent lines

of the United Kingdom
; (2) what results could be obtained by

the additional application of brake power; and (3) how far a

very large amount of brike power could be suddenly resorted to

with satcty in heavy trains running at high speeds. For the

purpose of the experiments a portion of the Nottingham an i

Lincoln branch of the Midland Railway was selected as offeiiiig

a piece of line comparatively level and free from any sharp

curves. Six companies furnished eight complete trains, whica

represented as many systems of continuous brakes comprehended

in four classes, namely, (I) Clarke's and Webb's and Fay's brakes,

applied by ordinary mechanical gear
; (2) Smith's and Westing-

house's vacuum fjrakes, actuated by atmospheric pressure pro-

duced by exhaustion of air
; (3) Westinghouse's and Steel

Mclnnes's air brakes ; and (4) Clarke's and Barker's hydraulic

brakes. The experiments extended over a week, and comprised

several series. It was demonstrated that the friction of a com-

plete train, in which the weight of the engine and tendei consti-

tuted, say one-lourih of the gioss weight, inclusive of the

atmospheric resistance it encountered in its course, was 42-looth8

per cent., or about g.V lbs. per ton. This result confirmed what

long experience had led them to anticipate. It « as discovered

further that, on a level line, a train running at the rale of forty-

five miles an hour could be stopped by hand biakes within 1,000

yards, or, if at the rate of sixty miles, within i, 700 yards. The
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necessity for some greater control over fast passenger trains was
thus rendered obvious. Througli the want of a larger amount
of brake power much time was lost on a journey, when the

stoppages were frequent, the drivers being compelled to slacken

speed at long distances (rem the stopping-places. It seemed,
indeed, scircely to admit of question that a system which
was deemed necessary in special cases might be advantageously
applicible in all cases ; that to render the control of a train

complete, brakes should be applied to all, or nearly all,

the wheels ; and that, at least, the driver, if not the

guards, should possess the power of promptly bringing

the whole into action. The truth of the principle was
row very generally admitted by the leading companies,

some of whom had already adopted continuous brakes, while

others were preparing to do so. Rather startling disparities

were disclosed during the experiments. Some of the disparities

were attributable to the contrivances being of comparatively
recent origin, but others were clearly owing to the principle upon
which the action of the brake was founded. As between the

air-pressure and the vacuum brakes there was a loss of i>\

seconds, which in a train running sixty miles an hour was
equivalent to 180 yards additional space traversed in the stop.

Three of the experiments involved the application of all available

power for stopping. Sand was used, and was found to add
sensibly to the stopping power. On an average it made an
addition of i '30 per cent, to the retarding force otherwise brought
into play. The trials proved in a very striking manner the

great advantage of continuous brakes, for even in their least

effective form they afforded more than double the stopping
power of the usual hand brakes, whilst in their most effective

form the power was quadrupled. He was of opinion that no
system could be considered salisfactory which did not produce a
retarding power of at least S to 10 per cent, of the entire weight
cif the train, in other words, a power by which fast trains could
be stopped m from one-third to one-fourth less time than at

f
resent. Obviously the stopping distance was primarily in-

fluenced by two considerations :

—

{\) The length of the interval

which elapsed between the brake being put in'o operation and
its taking an effective grip on the wheels ; and (2) the amount
of pressure brought to bear on each wheel, and the constancy or

otherwise of the action after the blocks had gripped the wheels.

The unpleasant sensation often experienced during quick
stoppages was produced by intermittent and fitful action. After

the brakes had been made to bite the wheels their hold
became relaxed, a slip took place, followed by successive

bites and slips, the latter giving rise to sudden accelerations

of speed. The action of a perfect brake should exactly resemble

that which gravity would cause if an ascending incline of

uniform gradient could be suddenly placed in front of the train

to prevent its motion. Under such conditions no inconvenience
or danger need be apprehended from the stoppage being accom-
plished within even a shorter distance than any that was effected

during the experiments. A valuable addition] of power, under
tie immediate control of the driver, would be afforded by the

fitting of brakes to the engine, and he was glad to find that the

recommendation of the Royal Commissioners in this respect had
met with prompt attention at the hands of the railw<ay compinies.
The question of the best material for brake blocks had of late

received a good deal of consideration, and it would seem that

cast-iron, and even steel, was fast superseding wood. It generally

happened that wheels did not become skidded until the speed of

the train had been materially reduced. It seemed desirable,

therefore, that for ordinary stjps the brake pressure should be
applied so as to act just short of skidding the wheels, the full

skidding power being only used in cases of imminent danger.

The general adoption of an effective system of cont.nuous brakes
on carriages which had to run from one line to another would be
productive of much advantage, for then, in breaking-up and re-

making a train at any junction station, the carriages would be
found ready-fitted with the requisite appliances for working. If

alhed companies could only agree to adopt the same system,

brake improvements would proceed with far greater rapidity than

at present, and public convenience would thereby be promoted.
The time had arrived not only when each system should be
scrutinised and tested in the most comp'ete manner, but when the

compafjies should clearly set before themselves the conditions

which a good continuous brake ought to supply. A study of

the diflerent methods which came under his (the lecturer's)

notice during the experiments pointed to the following

considerations as necessary in view of the provision of

perfect brake power fur heavy fast trains:— I. The brake

power should be applied to all the wheels of all the
vehicles throughout the train. 2. The power by which the
blocks were forced upon the wheels should be adequate for skid,
ding the wheels on the speed becoming moderately reduced.
3. The driver should have the whole of the brake power com-
pletely under his command, and be able to apply it at a moment's
notice, as he was the first person likely to discover any obstruc-
tion ahead, and was primarily responsible for the regard of the
danger signals. He could thus stop the train at once, and no
time would ba lost by his havin.; to signal danger to the guard.
4. The guards should individually possess the like means of
applying the continuous brake, so that they might ba able to

stop the train without reference to the driver, on an emergency
which might manifest itself to them but not to him, such, for

instance, as a broken axle, or a carriage getting olT the line.

5. The power in hand should be so susceptible of modification
that the driver should be able to apply a moderate amount only
for effecting ordinary stops, while he kept in reserve a proper
excess to be used only on emergencies, or on slippery rails.

6. Full brake application should not require more than a very
moderate effort on the part of either driver or guar J. 7. Ttie
pressure should be steady, and distributed as equally as possible
over all the wheels, and, with the intervention of some elastic

medium, should act upon the wheels in such a way as to prevent
too sudden stopping or the snapping of chains, which produce 1

discomfort and inconvenience to the public. 8. The machinery
should be of simple constiuction, not likely soon to get out of order,

and admitting of being easily repaired. 9. Indication should be
constantly afforded to driver and guards that the brakes were in

proper condition to work or otherwise. 10. The power of
working the tender brakes and the van brakes by hand might be
advantageously retained. II. The brakes should be self-acting

in case of the severance of the train. 12. Automatic action
being provided, means should be furnished the brake attendants
for modifying that action instantaneously, according to the cir-

cumstances in which the train might be placed after an accident.

13. It would be dangerous, and therefore unadvisable, to give to

passengers any power over the brakes. Such seemed to be the

principal conditions necessary for realising the conception of a
perfect brake—a brake which would constitute an invaluable

instrument in contingencies of almost daily occurrence at some
place or another in the great railway netwoik of the country.

REMARKABLE PLANTS
III.—The Sensitive Plant {Mimosa pudica).

IN our ordinary popular conception of the difference

between the two kingdoms into which the organic

world is divided, we are apt to attribute to one a power
of spontaneous motion dependent on the possession of a
certain internal mental faculty to which we apply the

term voluntary power ; while a similar property is not

considered to be inherent in the members of the other

kingdom. The most recent researches throw, to say the

least, considerable doubts on the universal applicability

of this test to distinguish animals from plants. Now that

the Desmidieas and the Oscillatorieas are, by universal

consent, relegated to the vegetable kingdom, and that

many bodies described by Ehrenberg as animals are

found to be particular stages in the life-history of certain

vegetable organisms, this character seems but to follow

in the wake of others which have one by one been aban-

doned as absolute discriminating tests between the mem-
bers of the two kingdoms. Among the more commonly-
occurring and familiar movements of vegetable tissues,

the dependence of which on external mechanical causes

is at present but imperfectly understood, are those mo-
tions of the leaves and other parts of plants which are

comprised under the common designation of Movements
of Sensitiveness or Irritability. It has been well shown
by Sachs ' that these movements are of three different

kmds, viz. :
—

•

I. Those periodic movements which are produced
entirely by internal causes, without the co-operation

of any considerable external impulse of any kind. Such
movements may be terined automatic or spontaneous,

J "Text-Book of Botany," English edition, Book III., chap. 5.
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and are illustrated by the rhythmical movements of the which exhibit the phenomena in question, it is seen that

small lateral leaflets of the trifoliolate leaf of the Indian I in almost all cases a mass of very succulent parenchyma
" telegraph-plant," /?(-j-OT(>rt'///'OT ,',nv''?«c

|

(small-celled cellular tissue), several layers of cells in

2. Those apparently spontaneous motions of leaves and thickness, envelopes an axial or central fibro-vascular

petals which are due to alternations in the intensity of bundle, or a [few such, bundles running parallel to one
lii;ht and heat, and therefore obviously to external causes. ' another, these bundles not being sufficiently lignitied to

It is motions of this kind which give rise to the varying be hard, and therefore remaining flexible and extensible,

diurnal and nocturnal position of the leaves of some and permitting the upward and downward flexions in

plants, and to the closing of certain flowers in the which alone the movement generally consists ; the whole

evening or in wet weather. is enveloped by an only feebly developed epidermis. The
3. Those movements of foliage-leaves, or in certain , best known illustrations of these movements are furnished

cases of organs belonging to the flower, which are due to by the two species of" Sensitive Plant," Mimosa pudica

sensitiveness to touch or concussion. A familiar example and sensitiva, but are also exhibited by the leaves of

of this class of movements is furnished by the well-known several other Mimosas, and of species of Oxalis, Robinia,

irritability of the leaves of the Sensitive Plant ; and it is

to this class that we propose to confine our attention in

the present paper.

Two prelimmary remarks may be made, which are

applicable not only to the special class of movements now

,
\?»Vim.!^lh:.

lM«5^

' ^^"j-^

Desnianthiis, and Smithiaj by the stamens of several

species of Be>-beris and of many Compositse, and by the

stigmas of Mimulus, Martynia, Goldfussia, Stylidium,

and Megaclinium. The following account of the me-
chanical forces which set in motion the phenomena in

question is taken mainly from the very laborious re-

searches of Pfeffer.'

The very succulent parenchyma is, when the plant is in

active growth, always in a very turgid condition ; i.e., the

cells are absorbing sap freely through their permeable
cell-walls by endosmotic force ; and in so doing tend to

stretch the axial bundle, as well as the epidermis which
preients an opposing resistance. The sensitiveness or

irritability resides entirely in the parenchyma, either on
one or both sides of the fibro-vascular bundle. The irri-

tability depends on a two-fold cause : firstly, the paren-

chymatous cells are perpetually absorbing water by en-

dosmose, and thus placing the cell-walls in a state of

tension ; and secondly, a slight impulse im-

parted to the sensitive cells causes a portion

of the absorbed fluid to be driven out

, , through their cell-walls. The cause of the
'/^/^Jtr— movement itself is believed by Pfeffer to be
-' —^•'^'^

this : that at the moment when the turgid

cells are giving off water, the elasticity of

their tense cell-walls comes into play, causing
them to contract in proportion to the

amount of water expelled. Inasmuch as this

water escapes into the intercellular spaces of

the sensitive tissue, and from thence is

partially transferred to other non-sensitive

portions of the plant, the sensitive tissue

decreases in volume, while the non-sensitive

portion in some other part of the organ
becomes correspondingly expanded, the

epidermis of the sensitive portion at the

same time contracting from its elasticity.

This side therefore becomes concave, the

other convex ; and the sensitive organ in

consequence bends, carrying with it what-

Sensiiive Plant (-W"Mi/!/.vy/r^, D.c. cver Other Organs it may bear, which there-

fore rise or fall according as the concavity of

under discussion, but also to the two others to which we .
the curvature is on the upper or under side of the organ,

have alluded above. .-Ml these three kinds of movements
|

Immediately after this has taken place the organ is no
are manifested only when the parts in question are per- :

longer sensitive, the flaccid cells having too little turgidity

feclly mature, and when the peculiarity of their internal 1
to allow of the escape of any more water. But after a

structure, which renders the phenomenon possible, is fully
|

short time they again absorb water ; their turgidity in-

developed. In this respect they afford a remarkable contrast creases ; their cell- walls become again stretched or tense;

to another class ofmovements exhibited only when the part
!

and the previous sensitive condition, as well as the original

of the plant is in active growth, of which we have illustra-
j

position of the parts, is again restored,

tions in the singular phenomena of climbing stems and ten- The following is Sachs' and Pfelfer's description of the

drils described in detail by Darwin in his " Movements and anatomy of one of the common Sensitive Plants, Mimosa
Habits of Climbing Plants." Another peculiarity common \ pudica. The leaf is bi-pinnate, consisting of a petiole

to all the three kmds of movements, and again distin-
j

Irom 4 to 6 centimetres long, with two pairs of secondary

guishing them from the movements of climbmg plants,
]

petioles 4 to 5 cm. in length, and on each of these from

is that they belong entirely to the foliar or appendicular fifteen to twenty pairs of leaflets 5 to 10 millimetres long

organs, i.e., leaves in the wide botanical sense, as includ- and r5 to 2 mm. broad. All these parts are connected

foliage-leaves, sepals, petals, stamens, and carpels, with one another by the contractile organs described

and not in any case to axial structures or stems and
branches.

With regard to the anatomical structure of the parts

above ; every leaflet is immediately attached to the rachis

by such an organ from 0-4 to 06 mm. long, and this

' Pfeffer, Physiolosl^che UntersMcliOT-jen. T.-IiizV. iS-"!.
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again to the primary petiole by another similar organ
from 2 to 3 mm. long and about I mm. thick. The base
of the petiole itself is transformed into a nearly cylindri-

cal contractile organ or " pulvinus," 4 to 5 mm. long and
2 to 2'5 mm. thick, furnished, like those of the secondary
petioles, with a number of long stiff hairs on the under
side, the upper side being only slightly hairy or entirely

glabrous. The pulvinus consists of a succulent paren-

chymatous tissue of the kind already described. The
cells of the under side are thin-walltd, those of the upper
side have walls about three times as thick. Each cell

contains a moderate quantity of protoplasm, a nucleus,

small grains of chlorophyll, starch, and, in addition, a
large globular drop consisting of a concentrated solution

of tannin surrounded by a pellicle.

A somewhat slight concussion of the whole plant causes
the contractile organs of the primary petioles of all the
leaves to curve downwards, those of the secondary petioles

forwards, tho^e of the leallets forwards and upwards,
closing like the wings of a butterfly at rest. After irrita-

tion the pulvinus is flaccid, and more flexible than before.

A light touch on the hairs on the under side of the

pulvinus of the primary and secondary petioles is suffi-

cient to produce the movement ; in those of the leaflets

the lightest touch on the glabrous upper side. When
the temperature is high and the air very damp, the

irritability is much greater, and any local irritation incites

movements in the neighbouring organs, often in all the
leaves of a plant, a phenomenon which has been termed
" conduction of irritation. ' If one of the uppermost
leaflets is cut off by a pair of scissors, or its

pulvinus touched, or if it is placed in the focus of

a buining-glass, the irritation immediately takes place,

and this irritation is communicated to the ne.xt lower pair

of leaflets, and in succession to those at a greater distance
;

after a short time the leaflets of an adjoining secondary
petiole begin to fold together from below upwards, and the
same with the other secondary petioles ; finally, and
often after a considerable time, the primary petiole bends
downwards ; the phenomenon is then conducted to the
primary petiole of the ne.\t leaf below, as well as to the
next one above. It sometimes happens, however, that

particular parts appear to be less susceptible, and do not
display the phenomena in question until after they have
been once passed by. If the plant is left to itself, the
leaflets again expand, and the petioles reassume their

erect position after a few minutes ; the contractile organs
are then again irritable.

That the phenomena of irritability are connected with
a displacement of water from the succulent tissue and its

replacement by air, is shown by the evident and imme-
diate change in colour ; the expulsion of the air from the
intercellular spaces and its replacement by water causes
the whole organ to assume a darker colour. If, more-
over, one of the large contractile organs is cut or
punctured, a drop of water immediately escapes from i',

and if placed in water it again absorbs it eagerly. A
variety of experiments by Sachs, Pfeffer, and Briicke also
appear to prove conclusively that the sensitiveness resides

in the under, and not in the upper side of the organ.
With regard to external conditions which interfere with

the sensitiveness of the leaves of Mimosa, they become
rigid or insensitive from cold when, the conditions being
otherwise favourable, the temperature of the surrounding
air remains for some hours below 15° C. (59° F.) ; the
lower the temperature falls below this point, the more
quickly does the rigidity set in. With regard to the upper
limit, the leaves of the sensitive plant become rigid within
an hour in damp air of 40" C. (104° F.), within half an
hour in air of 45° C. (113^ F.), in a few minutes in air of
49"^ or 50° C. (122° F.). In water the rigidity from cold
sets in at a higher temperature, viz., in a quarter of an
hour between 16° and 17° C. (62° F.), and the rigidity

from heat at a lower temperature than in air, viz., in a

quarter of an hour, between 36° and 40° C. A plant im-

mersed in water of from 19° to 2i°'5 C. remains sensitive

for eighteen hours or more. The maximum degree of

sensitiveness appears to be reached at 30° C. (86° C), at

which temperature the plant is so sensitive that the move-
ment is communicated to a number of leaflets almost

simultaneously. During the rigidity from heat, whether

in air or water, the leaflets are closed, as after irritation,

but the petiole is erect, and when irritated, turns down-
wards.

If placed in the dark, the irritability to touch is not

at first affected, but disappears completely if the dark-

ness lasts for a day or more ; when again exposed to

light, the sensitiveness is restored after some hours. The
position of the parts is, however, very different from that

in the insensitive condition caused by heat ; the leaflets

remain quite expanded, but the secondary petioles are

directed downwards, and the primary petiole nearly hori-

zontal. The same effects are caused, though in a less

degree, when the supply of light is defective. M. Paul

Bert states that the irritability of the leaves of Mimosa
is destroyed by placing the plant under a bell-glass of

green glass almost as completely as if placed in the dark
;

the plants were entirely killed in twelve days under

blackened, in sixteen days under green gUss
;

plants

placed beneath white, red, yellow, violet, and blue glasses

were still perfectly healthy and sensitive, though varying

in the rapidity of their growth.

Drought also causes temporary rigidity. If a plant is

left unwatered for a considerable time, the sensitiveness

of the leaves perceptibly diminishes with the increasing

dryness, and an almost complete rigidity ensues, the

primary petiole assuming a horizontal position, and the

leaflets expanding ; watering the soil causes a return of

the sensitiveness after two or three hours.

The same effect is produced if respiration is prevented

by exhausting the air. If a plant of Mimosa is placed

under the receiver of an air-pump and the air gradually

exhausted, the leaves first of all fold up, no doubt in con-

sequence of the concussion ; but the leaflets then expand,

the petiole becomes erect, and, while the leaves assume

the same position as after prolonged withdrawal of light,

they now remain rigid, resuming their sensitiveness when
again brought into the air.

Finally, with regard to the effect of poisonous sub-

stances, J. B. Schnetzler has pointed out that the sub-

stances which destroy the contractility of animal sarcode

also destroy the irritability of the leaves of Mimosa and
other sensitive organs of plants. Curare has no preju-

dicial effect in either case, while nicotine, alcohol, and

mineral acids destroy both. The vapour of chloroform

causes transitory rigidity either in the expanded or in the

folded position resulting from irritation.

The genus Mimosa is a very large one, forming, to-

gether with Acacia, the greater part of the sub-order Mi-

moseje of Leguminosie, and embracing about 200 species,

natives mostly of tropical America, extending aUo south

of the tropics, and into tropical Africa and the East Indies.

They have definite stamens (not more than twice the

number of petals), anthers not tipped by a gland, and a

pod, the valves of which, when ripe, arc either detached

entire or break into transverse joints. They are mostly

herbs, under-shrubs, or climbers ; a few erect much-
branched shrubs ; one or two trees : a large number are

spiny. It is only some of the species that are sensitive.

M. sciisili-'a. which is also grown in our greenhouses,

differs from M. piidica in the leaves having only two pairs

of pinnae, and each pinna only two pairs of ovate leaf-

lets, the inner leaflet of the lower pair being always very

small. M. albiila, another sensitive species occasionally

seen in hothouses, has elegant flower-heads of a pale pink

colour. Our illustration of M. pudica is taken, by per-

mission of Messrs. Longmans, from Thomd's " Textbook
of Botany," English edition. A. W. B.
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NOTES
The health of M. Leverrier is so far restored as to enable him

to stay at Dieppe during the bathing season. Learning that he

intended to travel for his health, the new Minister of Public

Instruction offered M. Leverrier a special credit for expenses,

on the ground that "it is the national interest to preserve a

man who is an honour to the nation."

The programme of excursions of the French Association

has been published in the Havre papers. It includes visits to

Fe'camp, a town which is rich in memorials of William the

Conqueror ; to Villiers-sur.mer and Trouville, and to Balbec,

Tancarville, and Lillebonne, where a Roman circus has been

discovered ; a visit to Havre and vicinity, and an excursion

to Rouen and a visit to its manufactures and monuments.

In his inaugural speech M. Broca, the president, will deal

with the same subject as Prof. Allen Thomson at Plymouth.

We regret to state that M. Kuhleman, who had been elected

president for 187S at Clermont-Ferrand, has resigned. The

Association will have again to choose a president for 187S, and

also for 1S79; the latter will act as vice-president next year.

According to a decision agreed to last year, the 1S7S meeting

will take place at Versailles during the Internaiional Exhibition,

the rules not allowing any meeting to be held in Paris. The

organisation of that exceptional meeting, and the measures for

the reception of foreign members and associates, will require

much consideration.

The Denver Tribune of August 2 announces the'arrival in that

city of the Hayden scientific party, of which Dr. Hayden, Sir J.

D. Hooker, Gen. Strachey, and Prof. Asa Gray form part.

Southern Colorado had been explored, and the mountains above

George-town and Berthoud's Pass, &c. , were then to be visited,

when the party were to move on to Utah, Nevada, and California.

Prof. Wanklyn has been elected to the chair of Chemistry

and Physics of St. George's Hospital, vacated by the death of

Dr. Noad, F.R.S.

The official paper of the French Republic has gazetted the

organisation of the jury and the scheme for distribution of awards

for.the forthcoming Universal Exhibition. Independently of works

of art 100 great prizes and exceptional allocations in silver will be

distributed by a special jury composed of the presidents of all

the juries ; 1,000 gold medals, 4,000 silver medals, 8,000 bronze

medals, and 8,000 honourable mentions will be distributed by a

number of class or sectional juries. The juries will be appointed

by the several Governments in proportion to the number of

exhibitors.

The Fri^orifiqtte, fitted up for the transportation of meat on

the Tellier system with methylicacid, has arrived at Havre, from

Brazil, with its cargo in an excellent state of preservation. It is

stated that a banquet of the meat will be served during the

forthcoming session of the French Association at Havre.

Mr. G. S. BouLGER, Professor of Natural History in the Ciren-

cester College, reprints from the Proceeding's of the Cotteswold

Naturalists' Field Club, a pamphlet entitled " Notes Preliminary

to a Proposed Flora of Gloucestershire." As the title implies, there

is no attempt to arrive at an estimate of the vegetable productions

of the county, and the publication would appear to have for its

main oVjject the inviting of information on the subject (addressed

to Mr. lloulger at the Scientific Club, Savile Row) from those

who have in any way worked at its flora.

The last Annual Report of the Smithsonian Institution

relating to the year 1875, contains much of great scientific im-

portance. The institution continues to carry on, with admirable

efficiency its two great classes of operations— ist, those relating

to the immediate objects of the bequest, viz., the increase and

diffusion of knowledge through researches, publications, and

exchanges, and 2nd, those which pertain to the care and manage-

ment of the Government collection in natural history and

ethnology constituting the United States National Museum, of

which the Institution is the custi dian. Under the care of the

institution this museum bids fair to become one of the finest in

the world. During 1874 important meteorological researches

were undertaken by the Institution, and its publications embrace

valuable works in nearly all departments of science. Among
the papers printed as an Appendix to the present Report, are

Arago's Eulogy of Volta, De CandoUe's Probable Future of

the Human Race, Prof. Prestwich's inaugural lecture on the

Past and Future of Geology (which appeared in Nature at the

time), a paper on the Refraction of Sound, by Mr. W. B.

Taylor, a paper on an International Code of Ethnological

Symbols, and Dr. Abbott's elaborate memoir on the Stone-Age

in New Jersey.

Some 'of our readers may be interested to know that the

Ipswich Museum, under the curatorship of Dr. Taylor, contains

a very fine collection of crag fossils. Prof. Ray Lankester, in a

letter to a local paper, states his conviction, founded upon wide

knowledge of such collection?, " That the combination of Mr.

Canham's collection with the valuable and unique specimens

already presented to the museum by Mr. Alderman Packard,

when mayor, and by other public-spirited men, has rendered the

collection of crag fossils, shells, teeth, bones, box-stones, and

clay nodules, by a^long way the most complete in existence. I

doubt," Prof. Lankester says, "if any other town possesses

—

certainly no English town does—so complete and valuable a

series of specimens Illustrative of its local geology.

"

Petermann's Mittheilungcn for September will contain a map

of considerable interest at the present time, but also of the

highest permanent value,—is a map of the region between

and including Bulgaria, S.E. Servia, and the Balkans. This is

the result of many journeys made by the author, F. Kanitz,

between the years i860 and 1S75, and is accompanied with a

detailed account of the results obtained. This same number

will contain the conclusion of G\issfeldt's travels in the Arabian

Desert, and of Polakowsky's paper on the Vegetation of Costa

Rica.

The Bulletin of the Paris Geographical Society for June con-

tains a long paper by M. J. Dupuis on his journey in Yunnan.

CoL. Gordon, Governor-General of Upper Egypt, has made

a contract with Messrs. Yarrow and Co., of Poplar, for the con-

struction of four veryjight draft steel steamers, for use on Lake

Albert Nyanzi, and for opening up the navigation of the rivers

in Central Africa. These steamers vrill be carried on land on the

backs of negroes, and consequently Messrs. Yarrow and Co.

have to sub-divide the packages in such a manner that none shall

exceed 20olb. weight. It is estimated that no less than 4,000

men will be employed for the porterage of these vessels.

We have received No. 3 of Appalachia, the journal of the

Appalachian Mountain Club, which contains several papers of

general interest.

Stanford's Library Map of Africa, originally constructed by

the late A. Keith Johnston, and of which a new edition is just

out, is as fine a specimen of map construction as we have seen.

The scale is so large as to admit of exhibiting minute features,

and the map not too large to be hung on a wall. It is brought

up to the latest date, which is saying a great deal in respect of

Africa, and so far as we have tested it, shows everything that

such a map ought to do.

Our agricultural readers would do well to procure a circular

issued by the Science and Art Department, South Ktnsington,

giving directions for the collection and forwarding c -U.c;!o, s of
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wheat, barley, and oats, the growth of 1877, required to show

the variations in quality existing in these descriptions of corn

according to the circumstances and conditions influencing their

growth. Such a collection is important both from a practical

and a scientific point of view.

U- We have received a very interesting catalogue of a collection

of great interest to archaeologists and collectors generally to be

sold by Mr. Stevens, of King Street, Covent Garden, at the

Alexandra Palace, on Tuesday and Wednesday next. This is

the collection known as the Whitfield collection, containing

many fine specimens of implements, weapons, ornaments,

clothing, &c., from the South Sea Islands and other regions, as

well as a number of natural history objects. Those of our

readers wishing to form or to complete collections would do

well to get a catalogue and attend the sale.

Prof. Piazzi Smyth, of the Royal Observatory, Edinburgh,

writing to the Scotsman under date August 19, 4 p.m., states

that in the twenty-seven hours elapsed since the iSth, at one

o'clock P.M., the amount of rainfall was I '349 inch—a greater

amount than has been registered at Edinburgh before, M-ithinthe

same length of lime, during the present year. "Twice only, on

January I and July 16, did the day's record just rise above one

inch ; but each of those days was a Monday's record, summing

up a forty-eight hour, in place of the usual twenty-four hour,

interval. On each of these occasions, however, of undoubtedly

heavy rainfall, as well as the present extra one, the direction of

the wind was east. That is not an ordmary direction from which

to expect rain, but when it does come from that quarter it has

the characteristic, only recently ascertained, of producing a par-

ticular bavid in the prismatic spectrum of sky-light, by which its

approach may often be usefully predicted, and by any and every

private observer for themselves, even in cases where the baro-

meter may fail."

Among the subjects on which papers are to be read during

the present session at the Bradford Scientific Association, are

—

On Colour, by Henry Pocklington ; The Structure of Stems,

by Mr. J. Abbott ; On Grasses, by Mr. W. West ; Indigo, by

Mr. Whittaker ; PyroxiUne, by Mr. J. A. Douglas ; Field

Geology, by Mr. A. Crebbin.

The Yorkshire Naturalists' Union paid a visit to Goole Moors

recently, where they had a field-day and a general meeting,

which appear to have been in all respects successful.

The leading article in the August number of the American

A Vj/ara/u/ is an exceedingly pungent address on " Catastophism

and Evolution," by Claience King, who treats the subject with

animation and force. Both evolutionists and their opponents will

read the article with interest.

We have received from a Ceylon correspondent an interesting

account of the Cok)mbo Museum, which we regret being unable

to piblish in full. He also stnds us a photograph ot the museum,

which, we believe, is the finest buildmg in the island, not except-

ing Government House, indeed will compare favourably with

similar buildings even at home. This is a work with which the

name of Sir W. H. Gregory, who has just completed his term of

government in the island of Ceylon, will always be associated.

The colony has been increasing in wealth at an unprecedented

rate during the last five years, and the governor has done his best

to make the intellectual and moral elevation of the people equal

their material prosperity. There are few countries where the

aids of science are so necessary. There are few countries where

those aids have been so greatly neglected. Sir Wm. Gregory

saw this, and tried to give to the people themselves those tastes

which alone could lead to the proper remedy. With this Tiew

the museum was built at Colombo, to be a sort of nucleus for

the spread of general scientific education. The Colombo Museum

occupies a commanding position in the Cinnamon Gardens, a

favourite evening resort. The collection within is a very scanty

one, as mifjht be expected from an institution only five months old

and in a place where a general taste for science has yet to be

cultivated. Most important collections as yet relate to the history,

antiquities, and superstitions of the island. A large room is filled

with specimens of native manufacture. In the abundant vegetable

wealth with which Ceylon has been favoured, the treasures that

may lie hidden beneath in its rocks have been treated with com-

parative neglect. Very little has been done for its geology, as

will be evident from a glance at the one glass-case devoted to

specimens of Ceylon rocks. We trust, however, that in time a

collection will be formed worthy of the building and the island.

We ought not to omit mentioning that the museum contains a

magnificent collection of snakes (Ceylon) by Mr. W. Ferguson,

of Colombo. A catalogue would be of great service and might

be made eminently instructive. We hope that the public of

Ceylon will soon fill the empty shelves in token of their apprecia-

tion of the generosity shown by the Government in giving them

a free museum.

We are pleased to notice that the new building for the Peabody

Museum of American Archreology and Ethnology is so far finished

as to enable Mr. F. W. Putnam, the Director, to begin work there,

and he has now removed the collections forming the Museum
from Boylston Hall, where they have been in temporary quarters,

to the upper rooms of the new building, which is located near

the Zoological Museum, and will eventually form a part of one

grand structure. The new Museum is fire-proof, and the

building is only to be used for the purposes of the trust, viz., a

museum and library (and lecture-rooms eventually) of Archaeo-

logy and Ethnology. The present portion will cost, when cased,

not far from 60,000 dols , and a building fund of 50,000 or

60,000 dols. will still be left for its completion. The original

fund for the building was 65,000 dols., and it is proposed always

to retain at least 50,000 dols. as a building fund for the future.

The present building will supply the wants of the Museum
probably for the next ten years. We are also interested to know
that the collection of Peruvian articles, obtained about thirty

years ago by Mr. John H. Blake, of Boston, and which has

been consulted by so many writers on Peru, has just been pre-

sented to the Peabody Museum, and will form a valuable

addition to the already large Peruvian collection given by the

late Prof. Agassiz and his son Alexander.

Dr. Hornstein, of Prague, has communicated a paper to

the Vienna Academy on tl'e probable connection of the wind

with the period of sun-spots. He shows that in Prague, as in

Oxford, the average yearly direction of the wind, in the time ot

minimum to maximum sun-spots, progresses in the direction

from south to west, and on the other hand, in the time from

maximum to minimum sun-spots, it shows an opposite variation.

Dr. Hornstein finds further, that the average wind-strength in

Prague likewise exhibits a connection with the eleven-years'

period of sun-spots, inasmuch as both phenomena reach their

maxima and minima simultaneously. This research is based on

240,000 observations.

The obvious importance of photography to explorers lends

considerable interest to a new process devised by M. DeyroUe,

in virtue of which the baggage of an explorer who might wish to

carry 300 negative plates measuring 24 ctm. by iS, would only

be increased by a weight of six kilogrammes, all included,

instruments, plates, developers, and accessories. Glass plates

are dispensed with, being replaced by paper coated with a layer

of prepared wax, capable ot bearing 75" without fusion. The
paper is covered with sensitive collodion, prepared so as to retain

Its properties for two years or more. The development after

impression is very simple ; into a litre of water is put 20 grammes
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of citric acid, ''as much acetic acid, and 3 grammes of pyro-gallic

acid ; an atom of nitrate of silver is added. The negative is

placed in this developer and left in it till the coloration of the

image becomes sufficiently intense ; then it is passed into a bath

of hyposulphide of soda, then washed and dried between leaves

of blotting paper. It is then proof against heat and moisture,

and may be kept indefinitely in an album. The apparatus itself

is so constructed as to be capable of remaining two days in water,

even in sea water, without deterioration.

The most important papers read at the meetings of the

Kharkov Society of Naturalists during 1876 are:—"On the

Mechanism of the Respiration of Birds," by N. Byeletsky

;

"On Respiration of Roots," by A. Zaykevich ; two entomo-

logical papers on the province of Kharkov, by P. Ivanov

and V. Varoshevsky ; "On the Arachnidce Arenea; and on

the Conjunction of C/ila»iydo»io>iai ptilvirulus and Stigloclo-

mum," by L. Reinhard ; and the continuation of the "Flora

of Ukraina" {Composila^ to Saholaceic), by K. Gornitsky.

Mr. Thomas S. Cayzer, head-master of Queen Elizabeth's

Hospital, Bristol, known as the author of one thousand arith-

metical tests and of other approved school-books, has made a

complete collection of the principal passages in Latin authors

that refer to our island, and editing them with vocabulary and

notes, is about to issue the volume through Messrs. Griffith and

Farran, as a Latin reading-book, illustrated with many wood-

cuts and a map, under the title of " Britannia."

The additions to the Zoological Society's Gardens during the

past week include a Slow Loris (
Nycticebus tardigradus) from

India and a Cape Hedgehog (Erinaceits frontalis) from West

Africa, received in exchange ; a Wedge-tailed Fruit Pigeon

(Ticroii sphcnura) from India, presented by Mr. A. H. Jam-

rach ; an Egyptian Gazelle {Gazella dorms) from Barbary,

presented by Capt. J. Graham.

AN ALGERIAN INLAND SEA
A S our readers are aware several schemes have recently been
•'* before the public for the creation of an inland sea in North
Africa, one of the most ambitious and most impracticable of

these being the floodmg of a great part of the Sahara. Another
scheme which has engaged the attention of the French Govern-
ment for some time is much more feasible and likely to be

attended with good results. The Report of a Commission on
the plan proposed by .M . Roudaire for the creation of an inland

Algerian sea was recently presented to the French Academy of

Sciences by M. Fave, and as it contains several points of scien-

tific interest, we propose to lay it before our readers.

Since the French domination was extended in the province of

Constantine as far as the town of Biskra, the attention of several

observers has been turned t'l the very marked depressions of the

soil, which commence at about 50 kilometres to the south of

Aures, that is, to the border of the Sahara, and extending from

east to west. M. Virlet d'Aoust supposed, in 1S45, from the

measurement of the slope of a river discharging into the Chott

(or marshy lake) Mel-Rir, that the bottom of that chott must be

below the level of the Mediterranean. In 1S49 M. Dubocq, a

mining engineer, proved, by a very numerous series of barometric

observations, published in 1S53, that singular anomaly, which
Capt. Vuillemot confirmed in 1S56. It was reserved to Capt.

Roudaire, to render the fact incontestable and to determine the

depth with almost complete accuracy.

After having taken for his starting-point the einboiichure of one
of the two small streams which fall into the sea at the bottom of

the Gulf of Gabes, M. Roudaire traversed the steppe of

Gales, 46 metres high, then arrived at the depression of a chott

the surface of which he estimated, at sight, at 5,000 square
kilometres. He then reached, by crossing a second elevation of

45 metres, that of Krilz, the depression of the Chott Rharsa,

situated to the east of the Chott Mel-Rir, from which it is

separated only by two elevations of small height. These two
slight elevations bound the Chott Asloudj, the surface of which

does not exceed So square kilometres. The surface of the Chott

Rharsa has been estimated at 1,350 square kilometres ; that of

the Chott Mel-Rir, which has been surrounded by a polygon of

levelling, contains 6, 700 square kilometres. The three basins

which form the Chotts El Djerid, Rharsa, and Mel-Rir have not

yet been surveyed in all directions ; but M. Roudaire has con-

cluded from various observations that the mtan depth of the

two Chotts Mel-Rir and Rharsa must not be below 24 metres.

The small Chott El Asloudj, which is intermediate, has a mean
depth of only from one to two metres, which makes him regard

it as a slightly elevated barrier between the two great lakes. If

it be admitted that this barrier could be pierced by a trench of

suitable depth, and that the water of the sea were led from the

Gulf of Gabes to the entrance of the Chott Rharsa, the sea

would fill that chott, .is also the Chott Mel-Rir, and the depth

of water would be sufficient in the two lakes for the navigation

of all vessels. Articles of commerce could be transported thence

to all parts of the world without any re-embarkation.

Such is the starting-point of a project for an inland sea which

M. Roudaire has had constantly in his mind during all his

labours : he is confident that the execution is an easy matter,

without allowing himself to be discouraged by any obstacle.

The enterprise, supposing it to be realised, would certainly not

piesent commercial advantages comparable in any respect to

those resiUting from the canalisation of the Isthmus of Suez.

The products of Central Africa, transported by camels across

the desert do not seem to be sufficiently abundant to furnish

freight for a large number of vessels. There is no doubt, how-
ever, that if the products of Central Africa had no longer to

bear the expense of so long a carriage by land, their price would
be notably lowered and their consumption increased. But

indeed it would be impossible to estimate the benefits which in

the future would result from the creation of such an inland sea.

Considerations of another kind leave no doubt, M. Fave thinks,

as to the improvements which would result from an inland sea

covering 13,230 square kilometres, from a climalic point of view

and in relation to the fertility of the soil.

Prof. Tyndall was engaged for some years in determining the

action which the vapour of waler exercises upon radiant heat.

He has proved that even with complete transparency to light,

the vapour of waler absorbs radiant heat to a very notable extent.

The vapour of water possesses that absorbent property much
more than the air with which it is mixed, in however small a

proportion ; and its absorbent power increases very nearly in

proportion to its mass. Prof Tyndall has not failed to bring;

out the influence which the invisible vapour of water contained

in the air exercises upon temperature, both during day and
night, and he has been able hence to draw immediate conclu-

sions as to its influence upon the life of plant-. After having

measured directly the quantity of heat absorbed by very minute
quantities of vapour of waler mixed with air in his experimental

tubes, he feels authorised to speak thus:— "Considering the

earth as a source of heat, it may be admitted as certain that at

least 10 per cent, of the heat which it tends to radiate into space

is intercepted by the first six feet of moist air which surrounds

its surface." Prof. Tyndall hence draws this conclusion :

—

"The suppression, during a single night of summer, of the

moisture contained in the atmosphere which covers England
would be accompanied by the destruction of all the plants

which frost kills."

It is not only the cold of night which is increased at the

surface of the ground by the dryness of the air, but also the heat

of day ; so that the variations of temperature produced in

twenty-four hours are sometimes very great and very prejudicial

to the vegetation of a great number ot plants. We miy apply

these considerations to the region of the chotts, where M.
Roudaire, in his expedition of 1S74-5, found heat of 25° (C.)

during the day, and cold of S^ below zero during the night.

After that we need not be longer surprised that the lands

comprised between the slopes south of Aures and the chotts

produce very little, however favourable in themselves they may
be to vegetation. If we admit with M. Roudaire, agreeing in

this point with all explorers cf the chotts, that their cavities have
at one time formed salt lakes, dried up gradually during the

historic period, we shall obtain an explanation of the changes in

the production of the soil of the jirovince of Constantine, and of

Tunis since the epoch of Roman domination, when the province

of Africa was much more populous and much more fertile than at

present.

M. Roudaire has sought to find results of observations from
which he might conclude what would be the depth of the bed of
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water evaporated after the creation of the inland sea. He has

found this information in the experiments made at the Bitter

Lakes traversed by the Suez Canal. At the time of the filling-

up of the Bitter Lakes, a waste-weir was constructed intended to

regulate the introduction of the w.ater of the Mediterranean.

From July 7 to 14 the weir was wrought with only a small

number of sluices raised, and the level of the lakes remained

stationary. The introduction had been regulated to about

3,540,942 cubic metres, or, in round numbers, 4,000,000, cubic

metres per day. This figure, then, gives the quantity of water

absorbed by evaporation which, according to the extent of

surlace, produced a lowering of the level of from 'ooj m. to

•0035 m. during twenty-four hours, and that in the hottest month
of the year. All the observations mjde since that time have

given essentially the same results, and we must admit, with the

engineers of the Saez Company, a general mean bf '003 m. per

day, or i m. per year. M. Roudaire has added, as a conclusion

to be drawn from this bearing on his project :
—" The ba-in of

the chotts and the Isthmus of Suez being situated nearly under

the same latitude, and possessing a climate absolutely analogous,

we must admit that the evaporation which will be produced on
the inland sea will be the same as that which has been observed

on the Bitter Lakes. The figure '003 m. is the general mean
of the year. The obs'ervations which we have made in the

chotts with Piche's evaporometer have proved to us that this

figure is at least d^jubled during the sirocco."

Not only would the vapour of wa'er thus diffused through the

air serve as a reservoir for the heat emanating from the earth or

the sun, but it would have still another mode of action for

effecting climatic modifications. The air and its vapour brought

into contact with the elevated and therefore cool parts, the

Aures mountains, and other mountains of Algeria, would, have

their temperature lowered on account of that cau^e, and the

effect would be increased by the radiation of the vapour of water

into space ; for that radiation would operate almost without

check at a height where the air from above, and therefore less

dense, is cold and dry. Under the influence of this double

cause the moisture would be condensed into rain or snow, and
would serve to feed the watercourses which would permanently

flow in the beds at present dry during a great part of the year.

We should see issuing from the ground, from the same cause,

sources which do not now exist. The moisture, discharging

itself along the lines of watercourses, would extend its influence

on the two slopes of the mountains to countries at a distance

from the chotts. We can perceive by calculations the volume

and the weight of the masses of water set in motion by evapora-

tion, that these considerations are not chimerical. The 13,230

square kilometres give 39,690,000,000 kilogrammes of water per

twenty-four hour.*, raised by evapor.rtion, /.(., 39,690,000 cubic

metres. It will be seen that there is here something to form

sources and feed streams or rivers. M. Roudaire has calculated

that the quantity of vapour diffused in air who>e barometric

pressure is 760 m., and the temperature 12-C, would cover the

surface of Tunis and Algeria with a layer of half-.saturated air,

24 metres in height. Let us remark that this calculation includes

only the quantity of vapour formed during twenty-four hours.

The south wind known as the sirocco, at present so destructive

because it is exceedingly dry, would produce on the surface of

the lakes an evaporation much greater than that mean, and

would, moreover, lose many of its hurtful effects. In fact, this

same wind, which destroys the vegetation of Algeria, has a

fertilising influence on the territory of France, because of

the moisture with which it becomes charged in crossing the

Mediterranean.
Advantages so considerable, which would result from the

introduction of the water of the sea into the chotts, explain and

justify the perseverance with which M. Roudaire has pursued the

idea without allowing himself to be arrested by any of the diffi-

culties which have presented themselves. The greatest of the

difficulties, M. Fave thinks, proceeds from the fact that the

Chott El-Djerid, the nearest to the Gulf of Gabes, has not, like

the others, the bottom of its basin below, but above, the level

of the sea. The surface of the ground is undulating ; it rises

to 20 metres, or even more, at certain points, and descends to

zero at other points. M. Roudaire has estimated, somewhat
vaguely, that the mean height of the bottom may be about

6 metres above sea-level. Notwithstanding this obstacle, M.
Roudaire does not renounce the hope of being able to make the

water of the sea reach the Chott El-Djerid in order to turn it

afterwards into the other two chotts. He believes he has founil

a support for this In the nature of the bottom, or, to speak more

exactly, in the existence of a water-bearing bed situated at a
small depth below the ground.
The Commission, of which M. Fave is the mouthpiece, with-

out pronouncing definitely on the project of M. Roudaire,
s ifficient data for this not being forthcoming, strongly recom-
mend that active steps be taken to obtain more accurate
measurements and other data. The facts which he has addaced
they think sufficient to justify serious attention being pa'd to his

proposal, and recommend that the thanks of the Academy be
accorded to M. Roudaire for his valuable labours. To these
recommendations the Academy agreed.

We should state, however, that MM. Dumas and Daubree,
members of the Commission, are not able to give their entire

consent to the recommendition of M. Fave's report. They
think that the obstacles to the accomplishment of the scheme
are much more serious thin have been estimated, and regard
the industrial and climatic results anticipated as, to a considerable

extent, hyp ithetical. M. de Lesseps, however, gives his entire

concurrence to the scheme of M. Roudaire, and believes in its

practicability and the favourable results that would follow its

realisation.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Science AND ARTDEPARTMENT.^The Committee of Council
on Education have just issued an important circular on instruc-

tion in practical chemistry and in physics. My Lords direct

that S§ XLV. and Lxxi. of the Science Directory be cancelled

and that the following rules be substituted:— I. Payments of

i/. loj. and i/. for the first and second class in the elementary
stage, and of 4/. and 3/. for the first and second class in the

advanced stage and honours, will be made on the results of in-

struction in practical chemistry. They will be claimable accord-

ing to the same rules, and subject to the same deductions on
account of previous success as the ordinary payments. These
payments will be made on condition

—

(a) That there be a good
laboratory—being a room, or part of a room, exclusively devoted
to the purpose of the study of practical chemistry—properly fitted

with gas and water supply, (b) That the student on wliom the

payment be claimed have received twenty-five lessons at least in

laboratory practice since his last examination, each lesson being

an attendance of at least one hour and a half's duration on a

separate day. (c) That a register of the attendance of the

students at the instruction in practical chemistry be kept duly

posted up from day to day. 2. Elementary S/age.—In this stage

the knowledge of the students will be tested by special questions

set with the ordinary examination paper ; but no payments will

be made if the laboratory be not furnished with all the apparatus

necessary for the individual practice of each student in practical

chemistry, and if systematic instruction in practical chemistry be
not given. Any student on whom it is intended to claim pay-

menis in this stage may be called on by the Inspector of the

Department, when visiting the laboratory, to repeat some of the

experiments, specified in the Science Directory in the syllabus

for the first stage of inorganic chemistry, which he has had an
opportunity of witnessing. 3. AiivanceJ Stoge ami Honours.—
The results of the instruction in these stages will be tested by a
special examination in qualitative analysis to be held on a Saturda •

during the ordinary May examinations, and lasting, for the

advanced stage from 6 p.m. to 10 p.m., and for honours from
2 P.M. to 10 P.M. Payments can only be claimed in these stages

provided— (<7) That the laboratory be fitted up with a separate

working place for each student. (/') That each student be pro-

vided with a complete set of apparatus and chemical tests (as

enumerated in Science Form No. 402) kept separate, and in

good working order, on the shelves, and in the cupboard or

drawers at his own tab e. (c) That the laboratiiry be also fur-

nished with apparatus for general use, consisting of at least the

articles of which a list will be found on Science Form No. 402.

From the reports of the examiners and of the inspectors it appears

that instruction still continues to be given in physics without a

sufficient amount of apparatus to illustrate the teaching of these

experimentai sciences. My Lords cannot allow examinations to

be held in schools where instructions of such a superficial and
perfunctory nature is given. They therefore direct that in 1878

no classes be examined which are not furnished with apparatus

at least sufficient to illustrate some of the more important experi-

ments ; which apparatus the teacher may be called upon by the

Inspector of the Department to show his ability to use.
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Bristol.—From the prospectus for session 1877-78 of

University College we are glad to see that that institution is

rapidly attaining a position to afford a complete education both
in literature and science. The chairs of chemistry, experi-

mental physics, and botany are now filled up, and as the other

branches of physical science are down in the programme of the

coming session, no doubt professors for them will soon be
appointed. The medical school in connection with the Uni-
versity is now fully organised, and we are confident that ere very

long Bristol will become one of the chief centres of University

education in the kingdom. A very satisfactory report has been
presented to the London Clothworkers' Company on the chair

of Technical Education founded by funds provided by them.

A Northern University.—At a recent meeting of the

Leeds Town Council a deputation from the Yorkshire College
of Science waited upon them to urge them to take steps to

obtain Government sanction to found a university for the

northern counties of England. This step was undertaken in

consequence of the action of Owens College to obtain a charter

for the erection of that institution into a university. The Leeds
Town Council drew up a memorial to the Privy Council, in

accordance with the prayer of the petition, and the Parliamentary
Committee was instructed to watch the further progress of the

matter.

Sydney.—The University of Sydney has applied to the

Colonial Government for an increase of endowment from 5,000/.

to 9,000/. With this increased income the university would add,
among other subjects, to its present course, all the education
necessary for the medical profession, a complete course of

natural philosophy, coupled with mechanics and engineering,
the addition of organic chemistry and metallurgy to the chemical
school, and biology. The salaries attached to these chairs would
be 1,000/., with assistants at 250/. each. The proposal is still

under the consideration of the government, but we cannot doubt,
if they have the best interests ot the Colony at heart, they will

grant the petition of the University.

SCIENTIFIC SERIALS
American Journal of Science and Arts, July.—Contributions

to meteorology, being results derived from an examination of
the United States Weather Maps and other sources, by E.
Loomis.—Germination of the genus Megarrhiza, Torr, by A.
Gray.—The absorption of bases by the soil, by H. P. Armsby.—Double-star discoveries with the iSJ-inch Chicago refractor,

by S. W. Burnham.— Relations of the geology of Vermont to
that of Berkshire, J. D. Dana.—On certain new and powerful
means of rendering visible the latent photographic image, by M.
Carey Lea.—On the possibility of transit observation without
personal error, by S. P. Langley.—Observations of comets made
at the Litchfield Observatory ol Hamilton College, by C. H. F.
Peters.—On complex inorganic acids, by W. Gibl^s.

I
Annalen dcr Physik itnd Cheinie, No. 6, 1S77.—On the electric

cuiTents which arise in the flow of hquids through tubes, by M.
Edlund.— On metallic reflection, by M. Eisenlohr.—Contri-
butions to an adequate determination of the plane of vibration of
polarised light, by M. Ketteler.—On electric induction on non.
conducting solid bodies, by M. Wiillner.—On the thermo-
electric properties of gypsum, diopside, orthoclase, albite, and
pericline, by M. Ilankel.—On the magnetic behaviour of nickel
and cobalt, by M. Hankel.—On the relation of friction of gases
to temperature, by M. Puluj.—On electric smoke figures, by M.
Antolik.—Apparatus for determination of the focal distance of
spherical lenses and lens systems, by M. Meyerstein.

Bulletin de I'Academic Imperiale des Sciences de St. Fetersbourg,
t. xxiii.. No. 4.— Eighty-six silver coins with Pehlewy inscriptions,

by M. Dorn.—Observations of planets at the Academic Obser-
vatory of St. Petersburg ; determination of the inclination of tlie

orbit of the planet Neptune to the ecliptic, by M. Sawitsch.—
Influence of depressor nerves on the quantity of the lymph, by
M. Veliky.^—Influence of temperature on the galvanic resistance
of Siemens wires, by M. Lenz.

Arc/lives des Sciences Physiques et Naturelles, July.—
Cretaceous fauna of the Rocky Mountains, by M. Delafontaine.—On chemical equivalents and atomic weights as bases of a
system of 'notation, by M. Marignac.—Observations on some
fossil plants of South Tessin and on the deposits which contain
them, apropos of the glacial controversy, by M. Sordelli.—On

the relations between the intensity of irritation of the sciatic

nerve, the height of the muscular contractions, and the time
elapsing between irritation and contraction, by M. Lautenbach.

Keale Istitufo Lomhardo di Scienze e Lettere, Rendiconti.
Vol. yi. Fasc. VII.—Two new parasitic mycetes on vines, by
M. Cattared.—On a cause little estimated in pathogenesis of
some female diseases, by M. de Giovanni —The molecular
velocity of gas and the corresponding velocity of sound, by M.
Brusotti.

Fasc. XII.-XIV.—On more economical composition of elec-

tromotors capable of a given effect, by M. Ferrinl.—Experi-
mental researches on heterogenesis (second paper), by MM.
Canloni and Maggi. —On the existence of monera in Italy, by
M. Maggi.—On a particular reaction of saliva, by M. .Solera —
On the state of sulphur in milk and on the normal existence, in

vaccine milk, of sulphates and sulphocyanates, by M. Ma^so.

—

On a Selachian recently caught in the Mediterranean, by M.
Pavesi.—On a new differential function in the theory of elliptic

functions, by M. Brioschi.—On diflferential equations, by M.
Casorati.—Quali-quantitative researches on carbonic anhydride,
by M. PoUacci.

—

Resume of meteorological observations at
Milan in the Brera Observatory in 1S76, by M. Frisiani, jun.

SOCIETIES AND ACADEMIES
London

Royal Society, June 21.—"The Relationships of the
Nerve-cells of the Cortex to the Lymphatic System of the
Brain." By Bevan Lewis, F.R.M.S., Pathologist and Assistant
Medical Officer at the West Riding Asylum. (Communicated
by Dr. Ferrier, F.R.S.)
The anatomical relationships of the nerve-cells of the cortex

to their immediate environment, and es; ecially to the surround-
ing lymphatic structures, is a subject of such weighty importance
to the pathologist and physiologist that too much consideration
cannot well be paid to what must necessarily be involved
in the solution of those mysterious problems connected with
the statics and dynamics of the brain. The author of this

paper has detailed the results of personal investigations, in

which he has been able to confirm the observations of
Obersteiner.i He alludes to the confusion on this subject
traceable in the writings of several English histologists, some of
whom, whilst recognising the existence of peri-cellular spaces,

do not attempt an explanation of their significance, others openly
express their dubiousness with regard to their import, whilst a
limited class regard them as morbid productions due to the
atrophy and shrinking of the nerve-cell. His attention was first

attracted to their significance by (a) "the presence in certain

morbid conditions of numerous nuclei arranged in definite

directions around the nerve-cell, (/') the presence of undoubted
lymph-corpuscles in clear spaces around the nerve-cells, and (<)

the appearance of peri-cellular spaces in healthy brain occa-
sionally when the cells appeared perfectly normal, and certainly
not atrophic."

This disposition of nuclei {a) is most strikingly evident around
the nerve-cells of the third layer, and around the still larger
cells found at a lower level in the ascending frontal and parietal
convolutions of man which have been termed "giant-cells."
These "giant-cells," the hypertrophied cells of some writers,
are stated by Mr. Lewis to be undoubtedly normal, and to a
great extent constant, elements in these regions. In order to
appreciate the significance ol this arrangement of nuclei, the
non-nervous elements of the cortex are considered, allusion being
made to the proliferation of connective elements so frequently
met with. These latter are .shown not to be free nuclei, but to
have a delicate investment of protoplasm around them. The
non-nervous cellular or nuclear elements are described as dis-

posed in three definite situations : (a) irregularly in the neuroglia
network

; (^) regularly around the nerve-cells
;

(c) following
directly the course of capillaries.

In the two last positions they are shown to be connected
with the lymphatic channels and sacs surrounding the blood-
vessels and nerve-cells, and the author regards them as origin-

ating in the endothelial elements of these structures. The
spindle-cells of the deepest cortical layer in the frontal region are
said to be peculiarly prone to the growth around them of these
attendant satellites. He continues : " The recognition of these

" Ueber einige Lymphraiime im Gehiriie " (Silzb. d. k. Akad. d
Wissensch. I Ablli.,!Jan, Heft, 1870).
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connective and endothelial elemenls, and the varying conditions

imposed upon them by their distinct functional endowments is of

essential import when we are dealing with the morbid brain."

The peri-cellular sac is then described fully, as well as its varied

contour dependent upon the form of the inclosed cell, method
of preparation, thinness of section, and the various physiological

and pathological conditions existing before death. The close

proximity of a capillary to these sacs was invariably observed,

and on close examination a connection bet«ixt the peri-vascular

and peri-cellular sheaths was clearly seen. Sections of the cortex

in new-born animals were then described, in which a linear arrange-

ment of the cells alongthe peri- vascular sheaths wasobserved, each

nerve-cell being separated by a clear space from the surrounding

neuroglia, the peii-vascular sheaths in the kitten being widely

distended. The nerve-cells in these cases were pyriform, and

apparently connected to their limiting sacs by a narrow stalk-like

process. The writer next dwells briefly upon the developmental

bearing of these facts. With regard to the explanation afforded

by some observers of the significance of these spaces in senile

atrophy, it is shown that whilst ihe large size and defined con-

tour may be due to shrinking of the degenerated protoplasm

of the nerve-cell, " yet the important point is to recognise these

spaces as natural structures in an unnaturally distended condi-

tion, for their large size appears to me to be due not only to

wasting and recession of the inclosed cell, but to a large accu-

mulation of lymph, the lymphatic channels, peri-cellular and

peri-vascular, being in a distended condition throughout." It is

next shown how readily the lymph current may be obstructed in

its flow towards the pia-mater, and how seriously such condi-

tions would affect the nutritive and depurative changes proceeding

in the lymph-sac—changes of so vital an importance in the main-

tenance of the functional activity of nerve-cells. The methods

employed in this investigation by Mr. Lewis, include ordinary

chrome hardening, the teasing process described by him in the

Monthly Microscopical Journal^ and the examination of films of

cortex obtained by his new freezing microtome. His paper is

illustrated by six drawings of the microscopic structure of the

cortex.

Paris

Academy of Sciences, August 13.—M. Peligot in the

chair.—The following papers were read :—Communication
from the Bureau des Longitudes on new operations of astro-

nomical geodesy, by M. Faye. This relates to the astro-

nomico-telegraphic junction of Paris with Neuchatel, Geneva,

and Lyons.—Engraving representing the aureola of Vtnus as

seen Irom the Island of St. Paul, by IVI. Mouchez. The pheno-

mena is given at three different stages.—A general law of

geometric curves concerning the common intervention of each

point of a curve and the tangent of this point, in questions of

geometrical positions or enveloping curves, by M. Chasles.

—

New considerations on the localisation of cereliral centres regu-

lating the co-ordinated movements of written language and
articulated language (continued) by M. BouiUaud. He replies

to some recent objections by Dr. Fournie against localisation of

speech in the let cerebral hemisphere.—On the reproduction, by
photography, of the rice-grains of thesolarsurface, by IVI.Janssen.

He has succeeded in this in his solar photographs of thirty centi-

metres by means of a very short exposure, combined with strong

development.—On an example of reduction of Abelian integrals

with elliptic functions (continued), by Mr. Cayley.—On the best

conditions of employment of galvanometers, by M. du Moncel.

He gives an experimental verification of some mathematical

deductions.—Note on the central obturator inflamei-, by M.
Cosson. The state of dryness of the powder seems to have

(other things equal) an exceptional importance for the author's

apparatus. The Pyrenees mark the true line of separation

between the eocene and miocene port'ons of the tertiary

epoch, by M. Leymetie.—A message of sympathy was sent

to M. de Lesseps on account of his recent accident.—The
system of Sirius, by M. Flammarion. The orbit calculated

for the companion of Sirius differs from the orbit observed ; the

latter crossed the former in 1869 (having left it in 1862) and
going beyond it, has followed quite a different curve, wider

and less eccentric. M. Flammarion supposes that either the

companion will accelerate its motion and return to the west in

1892, or that there is another disturbing body nearer and more
rapid, not yet discovered.— Remarks, 1) propos of M. Faye's

communication on the relation between the sun-spots and varia-

tion of the magnetic declination, by M. Wolf. The anomalies

of the one class of phenomena are reproduced in the other, a

strong evidence that both are produced by the same cause. —On
the equation of Riccati, by M. Genocchi.—Note on the curves

which have the same principal normals, by M. Niewenglowski.
—On the slipping [patinage) of the wheels of locomotives, by
M. Rabeuf The phenomenon is much more general and
complex (he finds) than is commonly supposed. The slipping is

almost nil in ascending an incline, and very pronounced in

descending. It increases rapidly with the speed, but appears

to be greater, with equal velocity, on descents than on ascents.

In descents it varies between 13 and 25 per cent. Its suppres-

sion, if possible, would realise a corresponding economy in fuel

and wear of machinery.—I'he regime of the winds, and evapora-
tion in the region of the Algerian cholts, by M. Angot. It is

shown from figures that the winds favourable to M. Roudaire's

project (viz., south, south-west and south-east) are to the unfa-

vourable winds in the ratio of I to 9 '4. Their vapours would be
almost wholly carried towards Sahara instead of Algeria. The
average layer of water estimated as removed ia twenty-four hours
from the projected sea is about 6 mm. This would raise to

seventy-eight millions of cubic metres the quantity required to

be brought by the canal of communication daily to keep the

lake-level constant.—On the vapour of hydrate of chloral, by
M. Troost. A second method (for determining equivalent in

volume) consists in first vaporising hydrate of chloral, then
introducing into the vapour a body capable of removing part of

the free vapour of water it may contain (pure neutral oxalate of

potash was used completely dehydrated in a stove at 100°). This
method led to the same conclusion as the first, viz., that hydrate
of chloral exists in the gaseous state, and so that its equivalent

corresponds to eight volumes.—Note on some properties of sul-

phide of cadmium, by M. Ditte.—On some general properties

of metallic sulphides, by MM. de Clermont and GuioL The
decomposition (here proved) of sulphides by water at 100° with
foi mation of metallic oxide and sulphuretted hydrogen, is thought
a fresh reason for regarding hydrogen as a metal ; it displaces

true me'als in these reactions, and forms a more stable sul-

phuretted compound.— On some points of the organisation of

Bryozoa, by M, Joliet.—On the fecundation of Echinodernrs,

by M. Giord.— Pyrophosphates in therapeutics ; their mode
of action, by MM. Pacquelin and Joly. Pyrophosphates,

far from being reconstitutive, as commonly supposed, are

purely foreign Irodies for the system, and their ingestion can only
increase its expenditure in the work of elimination, which their

presence necessitates. Any reconstitutive value attached tp them
is probably due to impurities.—On the physiological action of

Pan V&xeno{Geissosf>errmun lave, Baillon), by MM.Bochefontaine
and De Freitas. The active principle is a paralysing poison,

which appears to abolish the physiological properties of the

central grey nervous substance, and especially of the grey bulbo-

meduUary axis.— On anthracic bactcridics, by AL Toussaint.

CONTENTS Page

Mauritius OiiSERVATORV. By John Allan Broun, F.R.S. . . . 337

Our Book Shblf :

—

De Crespigny's " New London Flora ; or. Handbook to the
Bolauical Localities of tfie (Vletropotitan Districts " 338

Matlliews' " Ethnography and Philology of the HidaLsa Indians" 338

Whetham's " Across Central America ''

339
Letters to the Editor ;

—

The Contractile Filaments of the Teasel.—Charles Darwin,
F.R.S 339

Relations between Sun and Earth.—E. D. Archibald .... 340
Reproduction by Conjugation.—AuFREti W. Bennett .... 340
The Greenland Foehn.—Joseph John Murphy 340

Does Sunshine Extinguish Fire?—Charles Watson .... 341

Our Astronomical Column :
—

The Opposition of Mars, 1S77 34Z

The Satellites of Saturn 34,

Satellites of Mars 341

Section A.—Mathematical and Physical . , 3^3
Section D.—Biology.—Department of Anthropology.—Address by

Francis Galton, F.R S 344
Section G.—Mechanical Science 347

Remarkable Plants, III—The Sensitive Plant (Mimosa
piidica") (With Illustratioii) 34S

Notes 35T

An Algerian Inland Sea 353
University and Educational Intelligence 354
Scientific Serials , 355
Societies and Academies 355



NATURE 357

THURSDAY, AUGUST 30, 1877

THE ZOOLOGICAL RECORD
The Zoological Record for liTi ; being Volume Twelfth

nf the Record of Zoological Literature. Edited by

Edward Caldwell Rye, F.Z.S., M.E.S., &c. (London :

John Van Voorst, Paternoster Row, 1877.)

ZOOLOGISTS, it must be said, are a somewhat un-

grateful set of men. There can be no question of

the extreme value to them of " The Zoological Record,"

and yet they allow, as is notorious, the Association which

was formed to continue that useful publication to lead a

precarious existence, dependent on the charity of various

other scientific bodies. This is not creditable to the zoo-

logists of our own country, nor, though in a less degree, to

those of our colonies, past and present. Those of the

United Kingdom are unquestionably wealthy as a class,

but their wealth is very unequally divided. Many, and

among them we are glad to say are some of the best, are

amateurs who follow the study simply for their own
pleasure, and are sufficiently blessed with this world's

goods. Yet they see that many of their brethren have

need, without taking any trouble to help them. The
number of " literary and scientific " institutions, museums,

reading-rooms, and the like, throughout the country, is

very great, and there can be scarcely any of them that

does not possess one or more members who take an

interest in zoological pursuits. But how few of these

institutions and so forth, are there on whose bookshelves

" The Zoological Record " is to be found ! Surely but a

very slight amount of exertion is required on the part of

such members to get this work taken in by the institution

to which they belong .' As a rule the library-committees

of such bodies are not averse to books of reference, and

here is one that is absolutely necessary to every student

of or worker in zoology. It is no secret that the Zoo-

logical Record Association has the greatest difficulty in

" making ends meet," and a very moderate amount of the

support we have above indicated would go far to remove

the difficulty, and to prevent the possibility of indelible

disgrace accruing to the zoologists of this country, by the

cessation of this useful annual.

The volume for 1875, which has just been issued, forms

the twelfth of the series, and maintains the high character

of its predecessors. It must be very satisfactory to Mr.

Rye, as editor, to find himself supported by so strong a

band of Recorders. Yet ihs personnel is, with one excep-

tion, entirely changed from that which was first enUsttd

by Dr. Giinther. The exception is Dr. Eduard von

Martens, who, with truly Teutonic tenacity, continues his

labours on Molluscs and MoUuscoids—nay more, since he

first began, he has added the Crustaceans to his cares.

The Mammals are in charge of Mr. Alston ; the Birds

have fallen to the lot of Mr. Salvin. Reptiles and Fishes

are taken by Mr. O'Shaughnessy ; Arachnids and
Myriopods by Mr. Pickard-Cambridge. The editor

himself bears the brunt of the battle ; not only does he

(as becomes one of the staff of the Entomologists' Monthly
Magazine) look after the Insects as a general subject, but

he also takes specially the orders, Coleoptera, Hymen-
optera, Diptera, and Rhynchota—leaving the Lepidoptera

Vol. XVI.—No. 409

to Mr. Kirby and the Neuroptera and Orthoptera to Mr.
McLachlan. Dr. Liitken sweeps all the remaining groups
into his net. The services of each of these gentlemen
deserve the most conspicuous acknowledgment. Break-
ing stones on a road is the common expression for

employment which combines the dullest and hardest

handiwork with the lowest wages. Where mental labour

is concerned it may be paralleled by the vocation of

a Zoological Recorder. His task is certainly not more
easy or exhilarating and he is not requited at a higher

rate. There is scarcely one of the whole of these

gentlemen, we are convinced, who does not enter upon
or continue his occupation simply because he conceives

it to be his duty—and his chief reward must be the

satisfaction he receives from discharging it to the best of

his ability—for it were absurd to call the miserable

pittance, which is all that the Association can afford to

dole out to him, any remuneration for the hours of weari-

ness which the due execution of the Records requires.

So strongly do we feel the self-denying nature of the

work done by the Recorders that we cannot find it in our

heart to criticise any portion of it. There is, we think,

and it is only to be expected that such should be the

case, a marked difference in the execution of the several

Records, and one that is not to be accounted for by expe-

rience or want of it on the part of their authors. The
worst will bear favourable comparison with anything of

the kind published elsewhere, and the accuracy of the

references is quite beyond praise—for we could name at

least one work of similar nature to consult which is often

to follow a guide who either did not know or had forgotten

the path. More than this—despite the difference of treat-

ment of which we have spoken—there is a wholeness

about the work that bespeaks an eminently able editor."

The index to the genera and sub-genera recorded as

new in this volume includes nearly one thousand names,
and the excellent plan (first introduced, we beheve, by
the late Mr. Crotch) of indicating those names which

have been already preoccupied in zoology is still con-

tinued. Taking a most merciful view of what constitutes

a synonym, the editor has yet to mark fifty-nine of these

names (thereby implicating thirty-seven authors) as used

before—a far greater proportion than there of course

ought to be. Some zoologists in conferring new names
evidently pay very little attention to their predecessors'

labours, and hence scientific nomenclature is encumbered
by these unnecessary terms. One gentleman, indeed,

seems oblivious of his own success in genus-making, and
apparently has bestowed the same name on what he con-

siders to be two distinct genera within a dozen pages of

the same work ! This is M. Mulsant, and he stands out

as the greatest sinner in this respect. By hmiself he is

guilty of making three synonyms, and in conjunction

with M.Rey of t/iree more. Messrs. Chambers, Schneider

and Signoret are each responsible for four, Messrs.

Chapuis and Renter, for three, and Messrs. Boisduval,

Chaudoir, Harvey and C. G. Thomson for two. The
twenty-five who have committed this crime only once we
need not name, and of course it is possible that in some cases

their position is defensible, though in reality little is really

Mr. Rye is so uncommon an editor that we believe he will be grateful to
us for having a misprint detected—and it is the only one of importance that,

alter some study, we are able to point out. Cyrrhcphthalmia (p. 359) should
surely b« Cyplwphttialmus,
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to be urged on behalf of so confusing a practice. When
a man has a new genus to describe it should be his first

duty to take care that he does not apply to it a name that

has been proposed before, and it is not generally difficult

to find this out. Of course the punishment ultimately

falls on the offender's own head, for in these days some-

body is sure to discover the blunder, and generally before

long, but meanwhile the inconvenience may be and often

is not inconsiderable.

In conclusion, we have but to wish the Zoological

Record Association an increasing sale for their useful

annual, and to express our thanks to Mr. Rye and his

assistants.

ARCTIC METEOROLOGY
Scientific Results of the United States Arctic Expedition

Steamer ^'Polaris" C. F. Hall commandino. Vol. I.

Physical Observations. By Emil Bessels, Chief of the

Scientific Department, U.S. Arctic Expedition.

THE United States Government has, with its accus-

tomed liberality to science, published in a bulky volume

of about 1,000 pages, under the auspices of the National

Academy of Sciences, the results of the various observa-

tions of meteorology, astronomy, and magnetism, made

by th'e scientific staff of the Polaris during the expedition

to the Arctic regions in 1871-73. In the present notice

we shall refer only to the barometric observations, and

the discussion of them, which occupy altogether forty-

three pages of the volume before us.

The barometric observations were made hourly at

Polaris Bay, 81° 36' lat. N., 62° 15' long. W., from

November, 1871, to August, 1872, and at Polaris House

from November, 1872, to May, 1873, and they are pub-

lished in extenso in this volume. These observations we

have examined, and it is evident that they have been

made with great care, and that, taken as a whole, they

form one of the most valuable repositories of facts which

we possess illustrative of the meteorology of the Arctic

regions. The errors which do occur are of that class

which may be regarded as " inevitable" in such a record of

observations, viz., typographical errors, transposed or

changed figures, and personal errors of observation which

are well known to meteorologists, and admit of easy

detection and correction.

On turning to the table of the mean hourly values for

the different months (p. 18) calculated from the data just

mentioned, we are at once struck with the extraordinary

character of the hourly curves as disclosed by these

figures, inasmuch as they show a repeated abruptness of

change and a capriciousness of form which certainly

could not be accepted unless on the clearest proof that

they represent well-ascertained facts.

In examining the mean hourly values for December,

187 1, the first month for which complete observations

were made, it is seen that the calculations made from the

individual observations are all correct. If we, however,

take the trouble to critically examine the observations

themselves from hour to hour, it is seen that there occur

two uncorrected readings of 29'37i and 29777 inches,

instead of 29-571 and 29-577 inches, and twelve uncor-

rected readings in which the observers, as occasionally

takes place with the best observers, have read the instru-

ment 0-050, o-ioo, or 0-150 inch either too high or too low.

Correcting, then, these observations, and calculating

afresh the hourly values, we obtain the result given in the

following table (columns A.), to which are added the

hourly values as printed in the volume (columns B.) :

—
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OUR BOOK SHELF
La Tluofie Hugodecimale ; 011, La Base scientifiqnc et

definitive de VArithmologistique imiversclle. Par le

Cte. Leopold Hugo. (Paris, 1877.)

M. Hugo continues to pour forth his pamphlets with

their polyglot inscriptions. On this we have " Urbi et

orbi. Hie tandem triumphaliter fulget REGULA-
RITAS!" " La pan-imaginaritt5 Hugomathique : CON-
TINUITAS ! CONTINUITAS ! Tricontinuitas !

" We
have, in a former notice, glanced at the " G^omdtrie
Hugomoidale." The object of the present pamphlet is

"
h. vulgariser et a rdpandre dans les diverses regions

civilisees de I'ancien et du nouveau monde, Tou-Kieou,
Tchong-Kouo, Fou-Song, &c., &c., cette haute doctrine

philosophique, qui, dans sa concision, merite assur^ment

une place aux premiers rangs de la Philosophie Scien-

tifique. Mais, dans mon isolement de simple philosophe,

force me sera d'employer les combinaisons les plus

dtranges, et de frapper I'attention du lecteur par la singu-

larite meme de mon exposition."

One or two extracts must suffice to show how our

author proceeds ;

—

" Evocation Chino-Tibdtaine. Nous, supreme Grand
Lama, voulons reproduire pour tous I'opdration magique
hugodecimale.

" Salut ! Salut !

" En notre Divan sacre' de Hlassa-Potala, parfumd de
nuages d'encens, nous dtendons la main gauche en ddsig-

nant et determinant un point dans I'espace ambiant.
" Salut ! Salut

!

'• De notre main droite iftendons le sceptre, pan-scien-

tifique et sacrc, sur ce point de I'espace. Salut ! salut !

" Apparait une figure enveloppant le point considdr^ :

figure oftrant quatre faces pareilles.
" O Saints Lamas, placez pieusement sur notre tapis

drdcieu.\, le premier solide que I'espace rdgulier vient

d'enfanter.
" SSE—MIE (with figure of tetrahedron).

" Salut ! Salut !

"

And so on through the ten solids, of which we gave an
account in our earlier notice.

The third chapter is taken up with the " Geometric
Pan-imaginaire" and the '' Arithmetique Pan-imaginaire,"

communications made to the Societe Mathematique de
Fran.ce, and which we have previously described.

Sufficient notice has been taken of this brochure of

thirty-two pages, with many figures.

To some of our readers our remarks will serve as a
beacon ; those who like to secure oddities may perhaps

be induced to add this to their stock. Our principal

reason for yet noticing another effusion of our author is

that we have at last got a notice of him from one of his

own countrymen, who calls him " Sans contredit, dans
le domaine des sciences, I'un des plus actifs novateurs

de I'epoque" (M. Gerono, I\ouvelles Aniiales de Matlie-

matiques, Juin, 1877, pp. 27S-2S0). Like ourselves, M.
Gdrono confines himself to extracts. In his avertissement

M. Hugo bursts forth with " Ecrasons les pan-routiniers 1

qu'ils tremblent, blottis dans leur petite science, devant

I'ouragonhugomatique !" Upon this the French reviewer

well remarks :
—

"' Mon avis est qu'il ne faut ecraser per-

sonne, et que les philosophes reformateurs doivent se

garder de prendre I'exaltation des idces pour le sublime

des idees. Ce n'est pas sans danger qu'on se lance dans

la voie des ri^formes avec un enthousiasme qui, dans sa

marche ascendante, pourrait s'dlever jusqu'au ddlire."

The writings of such a visionary perhaps hardly merit a
notice ; we are disposed henceforth to let him go his

own way, trusting that time will clear up many, if not

all, of his crotchets.

Mechanik der Bewe^ungen der Insektenfresseiiden

Pflanzen. Von A. Batalin.

We have here a record, reprinted from the pages of

Flora, of a very careful series of experiments on the

cause of the " spontaneous " movements of the glands of

Droscra and other similar organs when irritated say by
contact with a fly. Comparing the well-known explana-
tion given by De Vries and others of the movements of

tendiils—that contact causes an acceleration of growth in

the organ, not on the side touched, but the opposite side,

and consequently a concave curving round the touching
object— Batalin offers the same explanation of the curva-

ture of the tentacles of Drosera when irritated by a fly,

viz., an acceleration of growth on the side opposite to the
one touched, and in consequence a concave curvature.

While admitting the care with which Batalin has per-

formed his experiments, we fail to see how his explanation

accounts for some of the well-known phenomena of these

singular plants ; as, for instance, the fact vouched for by
several observers, that glands which are not themselves
irritated exhibit the same concave curvature as those

that are, and especially those so circumstantially de-

scribed by Darwin as to the extreme sensitiveness of the

tentacles of Drosera to the most dilute ammoniacal
solutions, while they are quite insensitive to pure water.

The "spontaneous" curvature Batalin beUeves to be a
function of growth, and to be displayed in proportion to

the (acuity of growth possessed by the organ.

LETTERS TO THE EDITOR
\The Editor does not hold himself responsible for opinions expressed

by ills corresponde7its. Neither can he undej-take to return,

or to correspond with tlie writers of, rejected manuscripts.

No notice is talzen of anonymous communuations.
Tlie Editor urgently requests correspondents to iteep tliar letters as

short as possible. The pressU7'e on his space is so great that it

is impossible otiierwise to ensure t/ie appearance even of com-'

viunications containing interesting and novel facts.

\

Relations between Sun and Earth

Permit me to correct a slight misapprehension in Mr.
Archibald's very interesting article on the Indian rainfill in

Nature, vol. xvi. p. 340. Mr. Archibald speaks as if my dis-

covery regarding the coincidence of the increase and decrease of

the Madras rainfall with the cycle of sun-spots applied to " the

whole of Soutliern India." Now, on the contrary, I guarded

against such a generalisation by a sentence expressly inserted for

that purpose. "I merely record," I said at p. 9 of my paper,
" the statistical evidence collected at a point on the globe's sur-

face, at which, from its tropical situation and physical conditions,

such a factor would exercise an influence in a well-marked

manner." I insisted on this, as the local influences at work on
the rainfall suffice in several parts of Southern India, to disguise

ttie operation of any general law. Mr. Archibald may, how-
ever, have been led into this misapprehension from an ambiguous

expression in the first sheets of my paper, which were hastily

struck off as I was leaving India, with a view to placing the

Government in possession of the facts before my departure. In

these sheets I find the words "Southern India" used once or

twice as a periphrasis to avoid the too frequent repetition

of the word Madras. This ambiguity was removed Irom the

paper as finally printed. I need hardly add that the words " the

whole of Southern India" nowhere occurred. I hope shortly

to show in a more carefully elaborated work, the limitations

un'ier which the results arrived at in my former paper can be

safely generalised. Meanwhile Mr. Archibald's interesting

communications both in NATURE, and in the Calcutta English-

man are worthy of careful study. Wm. Hunter
Lanarkshire, August 27

The Telephone

In the present agitation concerning speaking or telephonic

telegraphs, the following extract from M. Le Comte du Moncel's
" Expose des Applications de I'Electricite," edition of the year

1857, vol. iii. p. no, may be interesting as pointing out how
neaily the idea has been forestalled.

" The Electric Transmission of Speech."

" I did not wish to bring forward in the chapter of the electric

telegraph a fantastic conception of a certain M. Ch. B , who



360 NATURE \August 30, 1877

believes that it will be possible to transmit speech electrically,

because it might have been asked why I had classed among so

many remarkable inventions an idea that, presented by the

author as it is, is not more than a dream. However, to be
faithful to the role that I have imposed upon myself of speaking

of all the applications of electricity that have become known to

me, I wish to quote here the information which the author has
published on this subject,

"After the marvellous telegraphs which are able to reproduce

at a distance writing of this or that individual, and designs more
or less complicated, it seemed impossible, said M. B , to

advance further in the regions of the marvellous. Neverthe-

less, essaying to do something more, I asked, for example,

if speech itself would not be capable of transmission by
electricity ; in a word, if one would not be able to speak at

Vienna and be heard at Paris. The thing is practicable. This

is how : Sounds, it is kno%vn, are formed by vibrations and
carried to the ear by these same vibrations, which are reproduced
by the intermediate media.

" But the intensity of these vibrations diminishes very rapidly

with the distance, from which it follows, even in the employment
of speaking trumpets, tubes, and of acoustical horns, the limits

which cannot be surpassed are very restricted. Imagine that one
speaks near a ynobile plate, flexible enough not to lose any of the

vibrations produced by the 7'oiee, that this plate establishes and
interrupts successively the communication with a battery. You
•would be able to have at a distance another plate which would
execute at the same time the same vibrations.

'
' It is true that the intensity of the sounds produced would be

variable at thepoint of departure where the plate is vibrated by the

voice, and constant at the poijit of arrival where it is vibrated by

electricity. But it is demonstrable that this would not alter the
sounds.

" It is evident from the first that the sounds would reproduce

themselves with the same pitch in the scale. The actual con-

dition ol acoustical science does not permit of saying, a priori,

whether the same conditions would hold good for all syllables

articulated by the human voice. The manner in which these

syllables are produced is not yet sufficiently well known.

"In any case it is impossible to demonstrate, in the present

state of science, that the electric transmission of sounds is

impossible. Every probability, on the contrary, is for the possi-

bility. An electric battery, two vibrating plates, and a metallic

wire will suffice.

" It is certain that, at a time more or less distant, speech wil

be transmitted to a distance by electricity. I have commenced
some experiments to that effect, they are delicate and require

time and patience. But the^ approximations obtained point

towards a favourable result." Paget Higgs

Museums

The following suggestions may possibly prove useful to

directors of museums, and especially of provincial museums.
Most of the plans recommended have been tried with success.

It is very desirable that in all coliections intended for public

instruction manuscript labels should be abolis^hed. The advan-
tages of perfect legibility, uniform style, and an occasional change
of cards far outweigh the cost of letter-press. A convenient

hand-press costs about 3/. ; several founts of type in quantity

sufficient for museum purposes, may be had for 5/. An
assistant can be taught printing in a few days ; I have at times

engaged a printer's apprentice, paying sevenpence an hour for

his services.

The proper display of dissected preparations put up in spirit

has long been a serious trouble. Most dissections ofsmall size can

be pinned out on wax. Young's Parafiin Light and Miner.al Oil

Company, of West Calder, have lately prepared, at my request,

smooth paraffin slabs, coloured deep blue, and cut to 12 m. X
6 in. These can be had at a shilling a pound. Cylindrical

glass vessels are objectionable, not only on account of distortion,

but because they render it difficult to demonstrate details of

structure. Rectangular trays with movable plate-glass lids are

far more convenient. These may be made of ebonite for the

smaller sizes, and of wood lined with gutta-percha where the

cost of ebonite becomes important. I hope before long to get a

usefiJ tray cast in glass. The edges must be accurately ground,

and the cover secured by light brass clamps. In the bottom of

the tray the wax tablet can be (securely fixed. It is useless to

cement the lid to the tray. Hardly any cement will stand
prolonged exposure to dilute spirit, and it is necessary to readjust

or clear the dissection from time to time.

Fossils are usually kept loose ; in the larger'collections they
are mounted on tablets of wood or glass covered with paper.

The 'first method is untidy and often causes loss of labels
;

wooden tablets are costly, difficult to cut of quite uniform size,

and liable to warp
;
glass is also difficult to cut true, and wastes

much time in covering with paper. Ten years ago I procured
a supply of pasteboard tablets one-tenth of an inch thick from a
pattern-card maker and have used them exclusively since. They
are cheap (ninepence to a shilling a pound), can be cut perfectly

true by machinery, do not warp, and may be had of any colour.

Fossils glued to pasteboard with coaguline are perfectly fast ; we
range them in wall-cases upon shelves sloped to forty-five degrees,

and never meet with accidents.

In our geological wall-cases I have introduced above the level

of the eye a range of boards, nearly upright, but sloping slightly

forwards at the top, upon which maps, sections, photographs,

and descriptive notices can be pinned. In a pala^ontological

collection this space is useful for drawings of restored animals

It is much to be desired that the dealers would procure a better

choice of zoological models in glass and porcelain. Reuss'

foraminifcra are still useful, though antiquated ; Blaschka, of

Dresden, keeps no stock, though he has supplied many of our

museums with useful models in g'ass made from drawings. We
want artistic and accur,ite coloured models of moUusca, hydrozoa,

&c. , far beyond the present supply.
Stuffed animals, especially stuffed mammalia, are the plague

of a curator. I do not refer especially to their liability to moths
(insects of all kinds can be kept down by placing saucers of

carbolic acid in the cases) but to their grotesque deformity, their

unnatural attitudes, and their proneness to contract in unexpected
places. A model in plaster or clay, strengthened internally by
wires would last for ever, and the skin would stretch over it

readily enough when moist. Real skill in modelling is required

here, and we have not yet been able to command it. The
Schools of Art may in time help us over the difficulty. A well-

modelled animal can never be very cheap, but if increased cost-

liness should render set-up quadrupeds comparatively scarce,

zoology need not suffer on that account.

Public museums should contain far more than they now do the

elementary explanations necessary for the right understanding of

the objects exhibited. A text-book illustrated by specimens
instead of wood-cuts should be our aim, at least wliere the wants
of the public are more concerned than the wants of special

students. I should propose to relegate nine-tenths of our

existing collections to cabinets were it not that things out of

sight in cabinets are so liable to suffer from neglect. At present

we aim at too much, introduce too many departments into a
small museum, show too many obscure and uninstructive objects,

and spoil everything by over-crowding.

Personally, I do not hold that local collections should be
everything in a provincial museum. We have to consider the

wants of residents as well as of passing strangers, and what the

residents interested in natural history require is a general collec-

tion of typical specimens which will teach them something of the

elements of their science. It is very easy to make imposing
collections of land and fresh-water shells, butterflies, and so

forth, which a naturalist passing that way praises because they

contain here and there a choice thing, but which either teaches

nothing to the uneducated visitor, or else teaches him the very

undesirable lesson that the best thing he can do is to make a

similar collection for himself. We have had more than enough
of unintelligent collecting and unintelligent records of occur-

rence. Our provincial museums should tell the public that to

know something of the structure of animals and plants is better

than to know many species. L. C. MlALL
Leeds, August 17

The great difficulty, as it seems to me, in promoting and
maintaining the efficiency of our local museums lies in providing

them with suitable curators ; and in this connection an idea

which occurred to me last year may prove not unserviceable.

I have seen a large number of our provincial museums, and in

many of them have found really extensive and valuable collec-

tions of natural objects which only require to be rightly named
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and properly arranged to become admirable educational aids.

In few, however, is there enough ma'erial to engage the whole
time and attention of an able man in taking care of it ; indeed

a single month devoted to each of the departments of zoology,

botany, geologv, and so forth, would suffice, and, in many cases,

more than suffice, to put each into working order to begin

with, and after the first arrangement it would be easy enough
to maintain the efficiency of each collection and to add what
fresh acquisitions might be made in the course of a week's visit

once a year.

Let, then, an association of the younger workers in the various

branches of science be formed in London, under the direction of

a committee of well-known names, and let it offer to send out

every year for short intervals, to such museums as should be
ready to pay for them, botanists, zoologi-ts, geologists, and the

rest, to name and arrange their several collections ; each member
so dispatched would then visit several museums in succession,

confining his attention in each to the collection made in his own
subject, and each museum would be visited by several members,
one member for each of its essentially different collections. Thus
for a slight expense (payment on the piece-work system) a large

number of our Local Museums would be put under the curator-

ship of a group of specialists, and so be brought into efficient

and permanent working order. The idea is simply that of visiting

curatorships supplied on the principle of co-operation, and made
possible by the facilities for travelling afforded by our modem
railway system.

It can scarcely be doubted that in the summer, when lectures

and lecturing are over, many scientific men might be found
willing and able to undertake the task. W. J. S.

Rainbow Reflected from Water

Mr. Crookes' interesting observation of the reflection ol a
rainbow—described in his letter in Nature, August 16—is

easily reproduced, on a small scale, experimentally.

I fixed a "spreader" to the nozzle of a garden-engine so as

to cause a shower of fine drops of water to spread in the sun-

shine. The segments of a bright primary rainbow and of a

rather subdued secondary one stood out well-defined against the

dark foliage of some trees, the remainders of the bows being
lost against bright objects and sky behind.

At whatever point the bows were visible, I found that by
placing a mirror or blackened glass wetted so as to form a

surface of water, in place of the eye, and then observing from a

fresh point, the reflections of both bows could be very distinctly

seen at the same time that real bows were also visible.

The reflected bows were always apparently smaller in diameter
than the real bows which were visible at the same time from the

same position. The reason of this is, I presume, that the bows
seen in the mirror are not the reflections of the bows visible, at

the same time to the eye, but of bows which the eye would .see

if it occupied the place of the mirror, or rather of that portion of

it which is observed. When, for instance, the mirror is one yard
below the level of the eye, the drops by which the bows are

formed that are reflected by the mirror, are necessarily about one
yard below the corresponding drops by which the direct bows
seen by the eye are formed ; in other words the direct bows are

one yard above the bows which are actually reflected. There-

fore, when both are cut by a common horizontal line formed by
the surface of the mirror, a reflected bow must be the more
shortened of the two and its diameter apparently reduced.

I would suggest ihat this may be the explanation of the dis-

placement of the colours where the real and reflected bows met,

which Mr. Crookes observed. Robert Sabine
Hampton Wick, August 20

The Greenland Foehn

Dans le dernier numero (406) de votre journal je vols

que vous m'avez fait I'honneur de donner un abstract d'un

petit travail sur le foehn du Groenland. Malheureusement le

rapporteur n'a pas bien compris le danois (ou le norwegien) en

quelques endroils, et je me permettrai de vous indiquer les

meprises suivantes comme les plus dangereuses.

2ieme alinea.
— " Dr. Pfaff has carried on ... . and these

show that the aver.ige temperature of February, 1S72, was
— S°7 C, and a\ Fibruary, 1S63 — 3i°'6," etc. Les deux mots,
" February," sont omis, ce qui fait croire que je parle de la

temperature moyenne de Tannee au lieu d'un mois.

5leme alinea.
—" These explanations go a great .... when

atjacobshavn shortly before July, 9° C. of heat are recorded."
Au lieu de "July"j'ai dit " Christmas "; une tempeiature de
9° C. est normale en juillet.

Aoilt 21 W. HOFFMEYER

On the Supposed Action of Light on Combustion
Ln answer to Mr. Watson's inquiry contained in your last

number, I may state that at the meeting of the British Asso-
ciation at Exeter, in 1S69, I read a paper unier the above title

(.See Phil. Mag. for September, 1869), in which some com-
parative experiments were made on candles burning in full sun-
shine and also in a darkened closet. This mode of experiment
was adopted because it allowed the results to be tested by
weighing. Candles of the same make were used and hard
sperm candles preferred as being less affected by variations of
temperature than composite. The candles were allowed to burn
during four hours. I give one result :

—

In the dark (temp. 81° F.) each candle lost 544 grains, or
136 grains per hour.

In the light (temp. 84°) each candle lost 567 grains, or 142
grains per hour nearly.

It is evident that in this case the increase of temperature
caused by the bright sunshine led to an increased consumption of
material, but the general result was that hght has no retarding
.influence on combustion. , C. TOMLINSON

Highgate, August 25

Evolution by Leaps

With reference to an article entitled " Evolution by Leaps,"
in your "Biological Notes" (Nature, vol. xvi. p. 208), I would
call attention to a fact which is not unknown to horticullurists,

that a hybrid sometimes proclaims its origin by producing

—

even on the sama rachis—flowers and fruits, some of which
resemble one parent and some the other.

Many a time 1 have plucked a branch of two or three feet in
length from a pear-tree growing in a village in Kent, which bore
at the proximal end pears of a certain size and description,

and on the terminal twigs pears smaller in size, of a different

flavour, and later in blooming and ripening.

As this "sport" prevailed throughout the tree, which was
large and flourishing, there was no possibility of its being the
result of a direct graft. Paul Henry Stokoe

lieddington Park

Zygoena Filipendulse

In July last I was breeding some Zygxna filipenduhe (six-spot
Burnet moth) from pupa- taken in a chalk-pit near Cambridge,
one of which was developed into a moth with five wings ; four
of these correspond to the normal wings in this species and are
perfect in every respect, as also are five of the legs. The sixth

leg (a hind leg) is absent, its place being filled up by the extra
wing, which springs from the exact point at which the missing
leg would naturally join the body. In appearance the extia
wing resembles the ordinary hind wing of the species, but is

only about half its usual size. It is of a yellowish-red tinge, and
not so thickly covered with scales as the other wini>s of the
insect. Of the sixth leg there is no external trace whatever, as

far as I can see ; in fact it would seem at first sight as if the leg
had, by some means or other, been transformed intu a wing.

This moth is subject to a good deal of variation as regards the
size of the spots on the fore-winL's, two of which are occasionally
united ; also, in this particuUir locality, the red colour is replaced
by yellow in about I per cent, of the specimens. The chalk-|iit

to which I have alluded is scarcely an acre in extent, and as the
species does not seem to occur elsewhere in the immediate
neighbourhood, continuous interbreeding must have been going
on for a long time.

I have never met with or heard of such a curiosity of morpho-
logy either in this or any other lepidopterous species before, but
some of your readers will doubtless be able to adduce other
instances of a similar nature. N. M. Richardson

Clare College, Cambridge, August 21

I BEG to enclose a photograph of a specimen of D.'osera

rotundi/olia found by me at the Lickey Hills on July I this year.
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If anything could demonstrate the propensity for fly-catching in the most marked degree. You wUl see that a moth has been

known to exist in this class of plants, surely this specimen does I entangled by the hairs of one of the leaves, which leaf has curved

itself right over the moth in the most determined fashion. Tliere

is every appearance of a struggle having taken place which ended

in the defeat and destruction of the moth.

This specimen is, I should imagine, a very typical one, and as

such I have sent a copy to Mr. Darwin, Wright.Wilson
Birmingham

The Radiant Centre of the Perseids

From twenty meteors, mostly with streaks, I deduced the

radiant point at R. A. 40°, Dtc. 56" N., August 3-7. On
August 10 1 saw a larye number (fifty-seven per hour) ot Perseids,

many of them with shfirt tracks rear the focus, and almost inva-

riably with streaks, from 43° + 58°. On August 12 I observed

quite an outburst of precisely similar meteors from a sharply-

defined centre at 50° -1- 55°, and registered fourteen of them, but

many others were noted between I2h. and I4h. On the l6th,

between the same hours, I sav/ five paths close to a radiant at

60° -)- 59°. These had streaks and apparently exhibited the

same features of motion, colour, &c., as those recorded on the few

preceding nights. Can these four positions represent one and
the same system of Peiseids with an apparent displacement of the

radiant centre on the several nights of observation ? The places

may be regarded as accurate for the dates, and though quite

possibly they are separate show-ers, it is at least singular they

became so well marked one on each night. If the positions

include the same system then the focus of divergence appears to

have shilted from 40° + 58° on the 3rd-7th to 60°
-I- 59 ° on the

16th, so that while the declination remained nearly the fame the

R.A. had advarced twenty degrees, which in D. 59° N. is

equivalent to ten linear degrees of space.

It is a capital plan while observing and mapping meteor tracks

to hold a perfectly straight rod in the hand, and directly a meteor
is seen, to project the rod upon its apparent path, carrying

the eye back in the same line of motion and noting the exact

point with reference to stars upon which it converges. In

the case of slow meteors or meteors with streaks, this is a very
accurate method and especially to be recommended in regard to

paths presumably a long way from the radiant. Eye-esti-

mates are necessarily less exact, for while the position of the

track is being noted the more important feature of direction is

inaccurately remembered. \V, F. Denning
August 17

Fish Commensals of Medusae
In the numbers of Nature for July 19 and 26 (pp. 227, 248)

are commurications respecting fish-sheltering Medusje. The
Trochurus in Europe appears to be a commensal of the Acaleph
as well as the Pollochius. In the eastern waters of the United

( States, however, so far as I am aware, the Stromatoid fish

Poronotus smiilis {Stru!?iatetts similis of some authors) seems to

be the most common, if not the only associate, of several

acalephs, viz., Dactylonietra quinquecirra, Zygodactylon green-

landica, and Cyar.ea nrctiea. Under the umbrellas of these spe-

cies smaliyV;'(7«(V/ are to be found in the late summer swimming,
sometimes even to the number of twenty or more, but generally

wuch ;. . r, Mr, Alexander Agassiz, in his " Sea-side Studies,"

mentions the occurrence of an undetermined "Clupeoid" fish,

but no other, under the umbrella of Daetylometra quinqueeirra ;

the identification is probably erroneous. At least my own obser-

vations were made in the same region and at the same time of

the year as Mr. Agassiz's, and only the Poronotus was seen.

More detailed information respecting this association may be

found recorded by Prof. Verrill in the " United States Commis-
sion of Fish and Fisheries" reports, Part I., pp. 449-450, 1873.

Theo. Gill
Smithsonian Institution, Washington, August 6

Science in Spain

I THINK it may iivterest the readers of your journal to have
some slight idea of the state of natural sciences in Spain. Science

is universal, and the efforts made by a nation which has been
separated by centuries of intolerance and indifference from the

movement and scientific life of other countries, cannot fail to

be looked upon with indulgent eyes by those who cultivate

science.

Of the three great branches into which we may divide natural

science—physics, chemistry, and natural history, the first is in a
most backward state in Spain. In almost all the professorships

where this science is L-iught, the instruction given is so out of date,

that no mention is made of the modern theory of the correlation of

forces or thermo-dynamics, and the text-books used are French
works, now quite obsolete. In every one of our upper schools

—

Institutos de 2da Ensiiianza—there is a professor who teaches

physics and chemistry conjointly, who is instructed to go through
a course of these sciences, which are reduced by this means to

their lowest possible expression. In our universities, there exist

classes in which an amplification of physics is taught ; this study is

part of those required for the preparatory exercises (or the faculty

of medicine. This course, if we take into consideration the know-
ledge brought by the pupils who attend it, is more an explana-
tion of what they ought to have learnt than anytliing else. At
the Madrid University .lione, there is a class of "imponderable
fluids ; " the name in itself suggests an idea quite out of date at

the present day. At the same university there is also a class of
mathematical jihysics, but it does not form part of the studies

required to receive a doctor's degree in the physico-chemical
sciences, and is only included in the mathematical sciences.

This is unfortunately all the oflicial instruction on the subject

which is given in Spain. Almost all the professors follow the
theories which were generally admitted before the discoveries of
Grove, Mayer, Rankme, Clausius, Tyndall, aird Hclmholtz.

During the Republican Government in Spain, it was decreed
to reorganise these studies in a manner more in accordance with
modern ideas, but the short rule of this reforming government
prevented this plan from being carried out, or conquering the
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tenacious resistance of the great majorily of the Spanish pro-

fessors.

Some champions of modern ideas are happily not ^vantini; in

Spain. Among them is one of the most distinguished members
of the Madrid Observatory, Sr. Jimenez, who has written an
interesting volume on the theory of numbers, which obtained a

prize from the -Spanish Academy of Science. Sr. Jimenez
began to publish a few years ago a theory of light in com-
pliance with the most authorised physico-mathematical doctrints.

A man of immense and varied intellect, as a dramatic poet, as

an engineer, as a mathematician and economist, and one of the

principal men of the revolution, Sr. Echegaray has done much
to popularise the modern theories of physics, by a volume 'dedi-

cated to the General Public, and also by his elementary treatise

on thermo-dynamics. lie is now publishing some studies on light

in a scientific review, which are chiefly intended to extend these

studies in our scientific circles. Dr. Vicuna, Professor of Mathe-
matical Physics at the M.adrid University, endeavours to do the

same by his teaching, and by means of the articles and memoirs
which he publishes from time to time. Of these may be men-
tioned his theory and calculation of steam-engines in accordance
with thermo-dynamics.
The scientific instruction which is given to the young men who

attended the upper school at the Observatory of Marino, at Saii

Fernando, near Cadiz, is much commended. Every day foreign

books are more universally read, translated, and understood, the

most popular being thofe by Tyndall. Prof. Karreda, Felin,

Ramos, v. Chamorro are great advocates of modern science.

Sr. Escrig y Mieg, the professor at the Institute at Guadalajara,

has set up some interesting scientific apparatus there, and has

introduced in the pneumatic machine an improvement wliich

reduces the injurious space. The barometer constructed by .Sr.

Torres, the inventor of probably the most accurate barometer
known in European meteorology, merits special mention. It is

much to lie regretted that owing to special circumstances, his

instrument could not figure at the interesting exhibition at

South Kensington.
At the Free Institution, lately established for teaching at

Madrid, by private enterprise, which the readers of Nature
have already seen referred to in jour columns, there is a class of

experimental physics, according to the Litest development of this

science. On the evening of January 28, a series of public

lectures were begun, with the object of popularising science in

Spain. Dr. Simarro, a young professor at this institution, gave
the first lecture on light, and repeated some of Tyndall's most
remarkable experiments.

Most of these efforts are, however, still limited to the attempt
to spread in Spain a knowledge of the actual state of physical

science from other countries which are in a more advanced con-
dition, rather than to contribute to general culture works of

original investigation. The interesting studies of Prof. Serrano
Faligate, on general and biological physics, some of which have
been noticed by English reviewers, are almost the only works on
the subject which can Dc mentioned of importance. It is indeed
to be hoped this will no longer be the case when these studies

are more generally developed, and act as a stimulant to the

genius of the Spanish people.

Madrid Francisco Ginez de los Rios

OUR ASTRONOMICAL COLUMN
The Rotation of Saturn.—In N.^ture (vol. .w.

p. 243), reference was made to the discovery by Prof.

Asaph Hall of a small, well-defined, very white spot upon
the disc of Saturn just below the ring, and to observations
which were in progress to ascertain, by means of it, the

period of the rotation of the planet upon its axis. Prof.

Hall succeeded in following up this spot which was from
2" to 3" in diameter until January 2, when the weather
having become unfavourable, the planet low, and the spot

faint and indistinct, observations were discontinued.
From a thorough discussion of the observations at

Washington and elsewhere in the United States, Prof.

Hall finds for the mean time of the rotation of Saturn

—

loh. i4ni. 23s'S ± 2;'3o.

It has been necessary to assume that the spot had no
proper motion upon the surface of the planet, which ii a
point on which the observations throw no light.

On the first detection of this spot on December 7, with

the view to secure assistance from other observers in

noting its central passages on the disc, an ephemeris was
circulated from Washington, in preparing which the time
of rotation was taken at loh. 29m. i6'Ss., given, as Prof.
Hall remarks, " in nearly all the modern text-books as Sir
W. Herschel's last and most accurate determination ;

"

notwithstanding this it appears certain that Sir W.
Herschel never assigned this period, and its adoption in
the Washington epheineris was so far unfortunate as it

may have rather hindered than assisted observations
;

indeed " through this mistake several observers failed
to see the spot."

It is very probable that Prof. Hall has suggested the
real cause of the introduction of this erroneous value for
the time of Saturn's rotation into so many of the so-called
" text-books," the compilers of which rarely concern
themselves with references to original authorities, and
yet in this case the erroneous value has been given by
writers, whom it might well be supposed it was safe to
follow. In the Exposition dii Sysihjie dii Monde, the
first edition'of which appeared in An. IV. of the French
republican era, Laplace says that Saturn rotates in o'428,

and the ring in o'437, these figures being decimals of a day
;

they correspond to loh. i6m. i9'2s. and loh. 29m. i6'Ss.,

the former expresses therefore the Herschelian period of
rotation (loh. i6m. o'4s.) to the nearest decimal in the
third place, and the latter is the \alue for rotation of
Saturn given in so many astronomical works. Hence
Prof. Hall thinks that some one early in the century
copied and converted the wrong number from Laplace
and " the book-makers h.ave faithfully copied this

mistake."

Hansen in his "Allgemeine Uebersicht des Sonnen-
systems " gives loh. 29m. 17s. for time of rotation both of

Saturn and his ring ; Madler, " LTeber die Weltstellung
der Korper unsers Sonnensystems," has loh. i6m. for the
globe and loh. 29m. 17s. for the ring, but in the early

editions of his treatise on Astronomy (as in that of 1S49,

pp. 251 and 254) he assigns loh. 29m. 17s. for the globe,

and loh. 32m., after Herschel, for the ling, adding
" wahrscheinlich ist sie der des Saturn selbst gleich und
beide sind etwa loh. 30m. in runder Zahl." Sir John
Herschel, in the first edition of his Treatise on astronomy
in Lardner's " Cabinet Cyclopjedia" published in 1833,
gives I oh. 29m. 17 s. both for Saturn and the ring, and he
probably followed Daily's " .\stronomical Tables and
Formula;" which appeared in 1S27, and where we find at

pp. 39 and 59 the same period loh. 29in. i6'S5. assigned
lor both rotations, and Baily expressly states that "the
elements of the system are taken for the most part from
the Systhnc du Monde o( M. Laplace (fifth edition, 1S24),

so that it is possibly to this work, which was one of

general reference for many years, that the original over-

sight suggested by Prof. Hall is to be traced. Sir W.
Herschel in the Pltilosophical Transactions, 1790, p. 480,
states that his observations of lucid spots upon the ring,

supposing them to adhere to it, would be explained

by "admitting a revolution of the ring itself in

loh. 32m. I5'4s., and \n the volume for 1794, p. 28, he
finds for the rotation of the globe of Saturn, loh. i6m.
o'44s., which are the only values th.at bear his authority.

Prof. Asaph Hall's value must now be taken as un-

doubtedly a very close approximation to the true period

in which Saturn rotates. According to it, the planet's

year consists of 25.217 Saturnian days. To the rarity of

spots upon the disc of so small and well-defined a
character as that which has been recently observed to

such useful purpose at Washington, is perhaps to be
mainly attributed the want of an e.irlier reliable deter-

mination of the rotation period in confirmation of Sir W.
Herschel's, made upwards of eighty years previously.

The Comet of 1812.— In anticipation of the return of

this comet to perihelion within the next few years. Prof.

Winnecke has published ephemerides to facilitate its
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rediscovery, which have been prepared by Herr Mahn on

his suggestion. They appear in the Viertcljahrsschrift

dcr astronomischen Ccsellscliaft, 12 Jahrgang, 2 Heft.

Encke's period, 707 years, would bring the comet to

perihelion again in 18S3, but Mr. W. E. Hummer, now of

the University Observatory at Oxford, some years since

stated that a period of 69'2 years would better agree with

normal places which he had very carefully prepared. The
comet may therefore visit us in 1881, or possibly much
earlier with the unknown effect of perturbation. The
sweeping-ephemerides are arranged upon a plan con-

veniently indicating the line in which the comet should be
sought at a particular date. It is a case where the

"orbit-sweeper," suggested by Sir George Airy, and
advocated by Prof. Winnecke, would, if provided with an
object-glass of sufficient optical capacity, render much
assistance.

The Companion of Sirius.—In the Comptcs Rendus
of the French Acadeniy of Sciences, August 13, M.
Flammarion has a graphical representation of the orbit

assigned by Dr. Auwers, to the perturbing companion of

Sirius and of the observed course of the small star dis-

covered by Mr. Alvan Clark, with the view to illustrate

the increasing differences between theory and observa-

tion. Allusion was made to this subject in Nature
(vol. xiii. p. 428), where the differences of Dr. Auwer's
ephemeris, 1872-75, were given. The latest measures of

the Clark-companion at Washington, show for lS77'2i,

position {c — 0), -\- 6°-g, distance — o"'88.

Prof. Asaph Hall found no other star in the vicinity of
Sirius nearer than one of the thirteenth magnitude, which
was measured on February 28, 1877; position II4^'9,

distance 72"'09
;
probably the star seen by Mr. Marth at

Malta in January, 1865. An examination of the vicinity

with the great refractor was made at the request of M.
Tempel, of Florence, who had suspected the existence of

several small stars near Sirius.

Satellite of Mars.—One of the newly-discovered
satellites of Mars was observed by M. M. Henry at the
Observatory of Paris, on August 27.

At I2h. 9m. mean time, position 249° 56', distance
85"'2, the satellite was very faint, and only observable
when the planet was screened from view.

BIOLOGICAL NOTES
The Development of the Nerves in Verte-

brates.—Mr. Balfour's discovery that the spinal nerves
of sharks and rays are developed as outgrowths from the
central nervous system has been followed by a similar
revelation with regard to birds. Mr. (now Dr.) A. M.
Marshall (of Cambridge) has given an account of investi-

gations respecting the origin of nerves in the fowl {Journ.
yj«rt/., April, 1877), describing a longitudinal ridge arising
on the summit of the neural canal, and giving off paired
processes, the rudiments of the posterior roots of the
spinal nerves. Hensen has made analogous observations
on the spinal nerves of the rabbit. The anterior roots
arise later, distinct from one another, as processes from
the spinal cord. Mr. Balfour has endeavoured to solve
the difficult question of the relations of the cranial to
spinal nerves. He finds as yet no traces in the brain of
anything comparable to anterior roots of nerves ; all the
nerves are posterior roots. The fifth, or trigeminal,
arises from the dorsal summit of the hind-brain very
early, just like a dorsal root of a spinal nerve. This nerve
also, instead of being a compound one, is at any rate in
its origin perfectly simple. The auditory nerve and the
facial arise by one common root. The glossopharyngeal
and vagus have a series of distinct roots. In an adult
Scyllium twelve separate strands have been counted in
the vagus nerve. This number, and their origin like so
niany separate spinal nerves, opens up interesting questions
in regard to the primitive segmentation of the head and

the loss or condensation of segments in the evolution of

the vertebrates. Dr. Marshall's observations on the

cranial nerves of the chick, so far as they go, correspond

to Mr. Balfour's. It appears that there is no definite

indicalion of a limit between head and trunk afforded by
the central nervous cord, by the outgrowths from it, or by
the mode of development of the nerves. It is open for

consideration whether the absence of anterior roots to

the cranial nerves may not furnish such a limit ; this

would be very convenient for morphology.

Insect Aid in Fertilisation of Flowers.—Mr.
Thomas Meehan, of Philadelphia, continues to bring

forward cases to show that many flowers are not so

dependent on insect fertilisation as has been imagined.

Recently {Proc. Acad. Nat. Sciences, Philadelphia, 1877,

p. 128) he has instanced the common mignonette, which
usually does not seed when forced in greenhouses in

winter. It has been asserted that this is due to the

absence of suitable insects to produce fertilisation. But
last winter I\Ir. Meehan's specimens took to producing

seed in abundance, two to six perfect seeds in every

capsule. This showed that some other circumstance had
come into play which affected the reproductive organs,

insect aid having been as much absent as in other cases.

Insectivorous Plants.—Dr. C. Cramer, of Zijrich,

publishes, under the title " Ueber die Insectenfressenden

Pflanzen," a useful epitome of all that has at present been
recorded respecting the singular phenomenon of "Insecti-

vorous Plants." In a series of papers in Flora, on
the Mechanics of the Movements of these plants, A.

Batalin calls attention to a hitherto neglected paper of

Oudema'ns, published (in Dutch) in 1S59, in which he
describes the greater part of the phenomena of irritation

in Venus's fly-trap {Dioiuva muscipula), agreeing in

almost every point with the description subsequently

given by Darwin and others.

Spontaneous Movements in Plants. — M. E.

Rodier, of Bordeaux, has described a singular scries of

automatic or spontaneous movements in a well-known
water-plant, CeratopJiylluin dcmersum. They consist of a
rhythmical motion caused by a curvature of the axis

extending over six hour;, which is neutralised in tlie

course of the next twelve hours, and followed by a cur-

vature in the opposite direction extending over four hours,

which is again neutralised in four hours, the whole cycle

thus extending over a period of twenty-six hours. The
movement appears to be entirely unaffected by light.

DISCOVERY OF OXYGEN IN THE SUN BY
PHOTOGRAPHY, AND A NEW THEORY OF
THE SOLAR SPECTRUM''

I
PROPOSE in this preliminary paper to indicate the

means by which I have discovered oxygen and
probably nitrogen in the sun, and also to present a new
view of the constitution of the solar spectrum.

Oxygen discloses itself by bright lines or bands in the

solar spectrum and does not give dark absorption lines

like the metals. We must therefore change our theory of

the solar spectrum, and no longer regard it merely as a
continuous spectrum with certain rays absorbed by a

layer of ignited metallic vapours, but as having also bright

lines and bands superposed on the background of con-

tinuous spectrum. Such a conception not only opens the

way to the discovery of others of the non-metals, sulphur,

phosphorus, selenium, chlorine, bromine, iodine, fluorine,

carbon. Sic, but also may account for some of the

so-called dark lines, by regarding them as intervals

between bright lines.

It must be distinctly understood that in speaking of the

solar spectrum here, I do not mean the spectrum of any

' Paper by Prof. Henry Dr.iper, M.D. Read before the American Philo-

sophical Society, July 20, 1877 We are illdebted to Dr. Draper's kindness
for the plate and illustrations which accompany this pjper.
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limited area upon the disc or margin of the sun, but the

spectrum of light from the whole disc. I have not used
an image of the sun upon the slit of the spectroscope, but
have employed the beam reflected from the flat mirror of

the heliostat without any condenser.

In support of the above assertions the accompanying
photograph of the solar spectrum with a comparison
spectrum of air, and also with some of the lines of iron

and aluminium, is mtroduced. The photograph itself is

absolutely free from handwork or retouching. It is

difficult to bring out in a single photograph the best points

of these various substances, and I have therefore selected

from the collection of original negatives that one which
shows the o.\ygen coincidences most plainly. There are

so many variables among the conditions which conspire
for the production of a spectrum that many photographs
must be tiken to exhaust the best combinations. The
pressure of the gas, the strength of the original current,

the number of Leyden jars, the separation and nature of

the terminals, the number of sparks per minute, and the

duration of the interruption in each spark, are examples
of these variables.

In the photograph the upper spectrum is that of the

sun, and above it are the wave-lengths of some of the

lines to serve as reference numbers. The wave-lengths
used in this paper have been taken partly from Angstrom
and partly from my photograph of the diffraction-spectrum

published in 17S2. The lower spectrum is that of the

open air Leyden spark, the terminals being one of iron

and the other of aluminium. I have photographed
oxygen, nitrogen, hydrogen, and carbonic acid, as well as

other gases in Pliicker's tubes and also in an apparatus
in -vhich the pressure could be varied, but for the present
illustration, the open air spark was, all things considered,
best. By other arrangements the nitrogen lines can
readily be made as sharp as the oxygen are here, and the
iron lir.es may be increased in number and distinctness.

For the metals the electric arc gives the best photo-
graphic results, as Lockyer has so well shown, but as my
object was only to prove by the iron lines that the spectra
had not shifted laterally past one another, those that are
here shown at 4325, 4307, 4271 4063, 4045, suffice. In
the original collodion negative many more can be seen.
Below the lower spectrum are the symbols for oxygen,
nitrogen, iron, and aluminium.
No close observ.ation ir. needed to demonstrate to even

the most casual observer that the oxygen lines are found
in the sun as bright lines, while the iron lines have dark
representatives. The bright iron line at G (4107), on
account of the intentional overlapping of the two spectra,

can be seen passing up into the dark absorption Ime in

the sun. At the same time the quadruple oxygen line

between 4345 and 4350 coincides exactly with the bright
group in the solar spectrum above. This oxygen group
alone is almost sufficient to prove the presence of oxygen
in the sun, for not only does each of the four components
have a representative in the solar spectrum, but the relative

strength and the general aspect of the lines in each case is

similar. I do not think that in comparisons of the spectra of

the elements and sun, enough stress has been laid on the
general appearance of lines apart from their mere posi-
tion ; in photographic representations this pomt is very
prominent. The fine double line at 4319, 4317, is plainly
represented in the sun. Again there is a remarkable
coincidence in the double line at 4190, 41S4. The line at

4r33 is very distinctly marked. The strongest oxygen
line is the triple one at 4076, 4072, 4069, and here again a
fine coincidence is seen, though the air spectrum seems
proportionately stronger than the solar. But it must be
remembered that the solar spectrum has suffered from
the transmission through our atmosphere, and this effect

is plainest in the absorption at the ultra-violet and
violet regions of the spectrum. From some experiments
I made in the summer of 1873 it appeared that this

local absorption is so great, when a maximum thickness
of air intervenes, that the exposure necessary to obtain
the ultra-violet spectrum at sunset was two hundred times
as long as at mid-day. I was at that time seeking for

atmospheric lines above n like those at the red end of
the spectrum, but it turned out that the absorptive action
at the more refrangible end is a progressive enfeebling, as
if a wedge of neutral tinted glass were being drawn
lengthwise along the spectrum towards the less refrangible

end.

I shall not attempt at this time to give a complete list

of the oxygen lines with their wave-lengths accurately

determined, and it will be noticed that some lines in the
air spectiuni which have bright analogues in the sun are
not marked with the symbol of oxygen. This is because
there has not yet been an opportunity to make the neces-
sary detailed comparisons. In order to be certain that a
line belongs to oxygen, I have compared, under various
pressures, the spectra of air, oxygen, nitrogen, carbonic
acid, carburetted hydrogen, hydrogen, and cyanogen.
Where these gases were in Plucker's tubes a double
series of photographs has been needed, one set taken
with and the other without Leyden jars.

As to the spectrum of nitrogen and the existence of this

element in the sun there is not yet certainty. Never-
theless, even by comparing the diffused nitrogen lines of

this particular photograph, in which nitrogen has been
sacrificed to get the best effect for oxygen, the character
of the evidence appears. The triple band between 4240,
4227, if traced upward into the sun, has approximate
representatives. Again at 4041 the same thing is seen,

the solar bright line being especially marked. In another
photograph the heavy line at 3995, which in this picture

is opposite an insufficiently exposed part of the solar

spectrum, shows a comparison band in the sun.

The reason I did not use air in an exhausted Pliicker's

tube for the production of a photograph to illustrate this

paper and thus get both oxygen and nitrogen lines well

defined at the same time, was partly because a brighter

light can be obtained with the open air spark on account
of the stronger current that can be used. This permits
the slit to be more closed and of course gives a sharper
picture. Besides the open air spark enabled me to employ
an iron terminal and thus avoid any error arising from
accidental displacement of the reference spectrum. In
Plucker's tubes with a Leyden spark the nitrogen lines

are as plain as those of oxygen here. As far as I have
seen, oxygen does not exhibit the change in the character
of its lines that is so remarkable in hydrogen under
the influence of pressure as shown by Frankland and
Lockyer.

The bright lines of oxygen in the spectrum of the solar

disc have not been hitherto perceived, probably fiom the
fact that in eye observation bright lines on a less bright

background do not make the impression on the mind that

dark lines do. When attention is called to their presence
they are readily enough seen, even without the aid of a
relerence spectrum. The photograph, however, brings
them into a greater prominence. From purely theoretical

considerations derived from terrestrial chemistry and the
nebular hypothesis, the presence of oxygen in the sun
might have been strongly suspected, for this element is

currently stated to form eight-ninths of the water of the
globe, one-third of the crust of the earth, and one-fifth of
the air, and should therefore probably be a large con-
stituent of every member of the solar system. On the
other hand the discovery of oxygen and probably other
non-metals in the sun gives increased strength to the
nebular hypothesis, because to many persons the absence
of this important group has presented a considerable
difficulty.

At first sight it seems rather difficult to believe that an
ignited gas in the solar envelope should not be indicated

by dark lines in the solar spectrum, and should appear
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not to act under the law, " a gas when ignited absorbs
rays of the same refrangibility as those it emits." But
in fact the substances hitherto investigated in the sun are

really metallic vapours, hydrogen probably coming under
that rule. The non-metals obviously may behave differ-

ently. It is easy to speculate on the causes of such
behaviour, and it may be suggested that the reason of the

non-appearance of a dark line may be that the intensity

of the light from a great thickness of ignited oxygen over-

powers the effect of the photosphere just as if a person
were to look at a candle flame through a yard thickness

of ignited sodium vapour, he would only see bright sodium
lines, and no dark absorption lines. Of course, such an
explanation would necessitate the hypothesis that ignited

gases such as oxygen give forth a relatively large propor-

tion of the solar light. In the outburst of T Coronn
Huggins showed that hydrogen could give bright lines

on a background of spectrum analogous to that of the

sun.

However all that may be, I have no doubt of the exist-

ence of substances other than oxygen in the sun which
are only indicated by bright lines. Attention may be
called to the bright bands near G, from wave-lengths

4307 to 4337, which are only partly accounted for by
oxygen. Farther investigation in the direction 1 have
thus far pursued will lead to the discovery of other
elements in the sun, but it is not proper to conceal the

principle on which such researches are to be conducted
for the sake of personal advantage. It is also probable
that this research may furnish the key to the enigma of

the D3 or Helium line, and the 1474 K or Corona line.

The case of the Dj line strengthens the argument in

favour of the apparent exemption of certain substances
from the common law of the relation of emission and
absorption, for while there can be no doubt of the exist-

ence of an ignited gas in the chromosphere giving this

line, there is no corresponding dark line in the spectrum
of the solar disc.

In thus extending the number of elements found in the
sun we also increase the field of inquiry as to the pheno-
mena of dissociation and recomposition. Oxygen, espe-
cially from its relation to the metals, may readily form
compounds in the upper regions of the solar atmosphere
which can give banded or channeled spectra. This
subject requires careful investigation. The diffused and
reflected light of the outer corona coukl be caused by
such bodies cooled below the self-luminous point.
This research has proved to be more tedious and diffi-

cult than would be supposed because so many conditions
must conspire to produce a good photograph. There
must be a uniform prime moving engine of two-horse
power, a dynamo-electric machine thoroughly adjusted, a
large Ruhmkorff coil with its Foucault break in the best
order, a battery of Leyden jars carefully proportioned to

the Plijckcr's tube in use, a heliostat, which of course
involves clear sunshine, an optical train of slit, prisms,
lenses, and camera well focussed, and in addition to all

this a photographic laboratory in such complete condition
that wet sensitive plates can be prepared which will bear
an exposure of fifteen minutes and a prolonged develop-
ment. It has been difficult to keep the Pliicker's tubes in

order ; often before the first exposure of a tube was over
the tube was ruined by the strong Leyden sparks. More-
over, to procure tubes of known contents is troublesome.
For example, my hydrogen tubes gave a spectrum photo-
graph of fifteen lines of which only three belonged to
hydrogen. In order to be sure that none of these were
new hydrogen lines it was necessary to try tubes of various
makers, to prepare pure hydrogen and employ that, to

examine the spectrum of water, and finally to resort to
comparison with the sun.

The object in view in 1873, at the commencement of
this research, was to secure the means of interpreting the
photographs of the spectra of stars and other heavenly

bodies obtained with my 28-inch reflector. It soon
appeared that the spectra of nitrogen and other gases in

Pliicker's tubes could be photographed, and at first some
pictures of hydrogen, carbonic acid, and nitrogen were

made, because these gases seemed to be of greatest astio-

nomical importance on account of their relation to stars,

nebulx", and comets. Before the subject of comparison
spectra of the sun was carefully examined there was some
confusion in the results, but by using hydrogen the source
of these errors was found out.

But in attempting to make a prolonged research in this

direction, it soon appeared that it was essential to be able

to control the electrical current with precision both as to

quantity and intensity, and moreover to have currents

which, when once adjusted, would remain constant [for

hours together. These conditions are almost impossible

to attain with any form of battery, but on the contrary

are readily satisfied by dynamo-electric machines. Ac-
cordingly, I sought for a suitable dynamo-electric machine
and motor to drive it, and after many delays procured a
combination which is entirely satisfactory. I must heie
ackno\\lcdge my obligations for the successful issue of

Fig. a.—Braytcn's Petroleum Motor.

this search to Prof. George F. Barker, who was the first-

person in America to procure a Gramme machine. He was
also the first to use a Brayton engine to drive a Gramme.
The dj namo-electric machine selected is one of
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Gramme's patent, made in Paris, and is a double light

machine, that is, it has two sets of brushes, and is wound
with wire of such a size as to give a current of sufficient

intensity for my purposes. It is nominally a 350 candle-

light machine, but the current varies in proportion to the

rate of rotation, and I have also modified it by chani;inL;

the interior connections. The machine can produce as a

maximum a light equal to 500 standard candles, or by
slowing the rotation of the bobbin the current may be

made as feeble as that of the weakest battery. In prac-

tical use it is sometimes doing the work of more than

fifty large Grove nitric acid cells, and sometimes the

work of a single Smee.
The Gramme machine could not be used to work an

induction coil when it first reached me, because when the

whole current was sent through the Foucault interrupter

of the Ruhmkorff coil, making r,oco breaks per minute,

the electro-magnets of the Gramme did not become suf-

ficiently magnetised to give an appreciable current. But
by dividing the current so that one pair of the metallic

brushes, which collect from the revolving bobbin, sup-

plied the electro-magnets, the other pair could be used
for exterior work, no matter whether interrupted or con-

stant. The current obtained in this way from one pair

of brushes when the Gramme bobbin is making 1,200

revolutions per minute is equal to 100 candles, and is

greater in quantity and intensity than one would like to

send through a valuable induction coil. I usually lun
the bobbin at 622 revolutions per minute, and this rate will

readily give 1,000 10- inch sparks per minute with the iS-

inch coil. Of course a Pliicker's tube lights up very vividly

and generally ; in order to get the maximum effect I

arrange the current so that the aluminium terminals are

on the point of melting. The glass, particularly in the

capillary part, often gets so hot as to char paper. The
general appearance of the machine is shown in Fig. i.

As long as the Gramme bobbin is driven at a steady
rate the current seems to be perfectly constant, but varia-

tions of speed make marked differences in the current,

and this is especially to be avoided when one is so near
the limit of endurance of Pliicker's tubes. A reliable

and constant motor is therefore of prime importance for

these purposes. A difference of one per cent, in the

speed in the engine sometimes cannot be tolerated, and
yet at another time one must have the power of increas-

ing and diminishing the rate through wide limits. The
only motor, among many I have examined and tried,

that is perfectly satisfactory, is Brayton's Petroleum
Ready INIotor.

This remarkable and admirable engine acts like an
instrument of precision. It can be started with a match,
and comes to its regular speed in less than a minute ; it

preserves its rate entirely unchanged for hours together.

Moreover, it is economical, cleanly, and not more noisy
than a steam engine. The one of two-horse power I

have, ran for six mouths, day and night, supplying water
and air to the aquaria in the Centennial Exhibition at

Philadelphia. At any time on going into the laboratory
it can be started in a few seconds, even though it has
not been running for days.
Henry Draper's Observatory, Hastings-on-Hudson,

New York

THE NATURAL HISTORY OF THE JENISSEI
A N account of the Swedish Overland Expedition

-'"*- to the Jenissei in the summer of 1S76, the
cost of which was defrayed by Mr. Oscar Dickson
of Gothenburg-, has appeared in the Giitcborgs Haiuiels
Tidnino. The expedition was under the leadership of
Dr. Hjalmar Theel of Upsala, who was accompanied by
Botany- Docent W. Arnell, Philosophy-Candidate F.
Tryboin, Zoologist, and Rector M. Brenner, Botanist, from

Finland. Docent Sahlberg, Entomologist, from Helsing-
fors, also went with the expedition to the Jenissei with
the intention of prosecuting independent researches there.

The party travelled by Nischni-Novgorod, Perm,Tjumen,
Tomsk, and Krasnojarsk on the Jenissei, arriving at the
last place on June S.

We regret that our space permits of our giving only the
following account of the natural history of the Jenissei by
Dr. Thc=el :—
The Jenissei has a length of about 1,660 English miles

below Krasnojarsk. The banks are sometirres pretty
high and bold, sometimes low, alternating in this respect
with each other, so that, when the left is high, the right is

the opposite. Where the bank is low and exposed to

inundations, willows thrive beyond everything. The high
banks are clothed with Piiius ohovala and cciiibra, and
larch. At Jeniseisk the river is about \h versts broad,
f;iadually widening northward, till at Kurejka it is five

versts broad. Between Tolstoros and Goltschika the
river widens and assumes the appearance of a lake more
than sixty versts wide. Here the tides are quite observ-
able. At Dudinskoj a depth reaching twelve fathoms was
found.

The Russian population of the Jenissei Valley is very
sparse and uncivilised, and inferior, as far as the fine arts

are concerned, to some of the Asiatic races. Cattle rearing
is in its infancy, though there are perhaps few regions
more suited for it than the valley of the Jenissei. Cows
are met with as far as Dudinskoj, but their proper
management did not appear to be understood. At
villages on the upper Jenissei, with as many as forty or
fifty cows, a glass of milk could scarcely be obtained. The
making of cheese is completely unknown, the making of
butter nearly so. There are horses as far north as
Dudinskoj, sheep only to Vorogova, and no goats north
of Jeni;eisk. Cultivation is at a still lower standpoint, rye
not being at present grown below Antsiferova, sixty-

seven versts north of Jeniseisk, and oats toZotina, 60" 55'

N. lat. Potatoes are grown to Turuchausk, but are there
very small. For some years Skoptzi settleel on the
Chantajka river, 68° 20' N. lat., have successfully grown
potatoes.

Fish forms the principal food of the people, and during
summer nearlyevery one is a fisher. Fishing is carried
on with various kinds of nets, with lines and hooks, and
even with leister and torch. There are found in the
Jenissei pike, ruffe, perch, burbot, Cypriiius ciirassius,

terch, Thymalliis I'uloaris, several species of the family
Lciicisciis, among them one which strongly resembles our
common roach, a kind o{ Petromyzon, Gasterostcus pun-
i^iliiis, a kind of bullhead {Co/Ziis), &c. All these are of

inferior importance for domestic use, and mostly serve as
food for dogs. The more valuable are the sturgeon,
salmon, and coregonus. There ar'e two varieties of
sturgeon, the commo.i sturgeon or " Ossetrina," Accipilcr
s/iuiii, and the sterlet, Ac. ntlhcnus. The Ossi/n'na is

caught along the whole Jenissei, and sometimes reaches a
weight of 225 lbs. The sterlet is not found north of
Dudinskoj, and commonly weighs 3 or 4 lbs., but some-
times reaches iS lbs. There is another called the prickly
sturgeon, " Kosterska," believed to be the young of the
Osscirina. There are many varieties and transition forms
of sturgeon, rendering their proper classificaticn difficult.

The salmon is most numerous in the upper course of the
liver at Minousinsk, where a profitable fishery is car-

ried on. Two types are distinguished, " Tajmen " and
'' Kunschja." The former is caught in greatest numbers
iu the upper course of the river, and weighs 40 to 60 lbs.

;

the latter is found in lakes on the tundra, and very seldom
in the Jenissei below Dudinskoj. At the Nichandrovska
Islands a salmon, probably a Tajmen, was caught, which
was nearly five feet long and weighed between 80 and
100 lbs. Of the Coregonus the following species were
found in the Jenissei ;— Njelma (C leiicichthys), Tschir
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(C nasiitus), Muksun (C muksuii), Peljedka (C pelet).

Omul (C omul), Common Sikloja or Seldj (C albiila ?).

The common Coregonus is said to be found in the

Jenissci the whole year round. The Tschir, Njelma, and
Muksun are seen almost simultaneously in early spring,

the Tschir first beginning to ascend, and then the other

two almost simultaneously, or the Njelma rather earlier.

Finally masses of the Sikloja, and last of the Omul, make
their appearance. These seldom go above the rapids

between Podkamennoje Tunguska, and Asiuova. There
is no accurate information about the Pclet, but it does not

appear to go far from the mouth of the river.

The bird world was sparingly represented on the

Jenissei. In the south the Passcrcs were most numerous.
In the neighbourhood of the limit of trees on the tundra
and at the LSriochovska and Nichandrovska Islands the

swimming birds and waders first became more numerous.
Cofymhiis sepientrioualis, HareIda glacialis, Oidcmiafusca
and iiis^ra, Fuligula inarila, Anas pwnclopc and acuta,

and Cjoni/s bnuickii occurred ,here in great numbers,
but with a few others were the only species of the order
Natatores that could be found in those northsrn regions.

A number of birds, for instance geese, Aiiscr sa^ctuin and
alhifrons, and swans, occur first at the period of migration
in autumn, when the uncommon red-necked goose, Aiiscr
rujicollis, is also met with not unfrequently. Altogether

140 to 150 species, of which only fifteen to twenty were
extra-Scandinavian, have been observed during the sum-
mer, among them about twenty-five Natatora and twenty
Raptores. It is singular that, for instance, at Tolstonos,
69° 55' N. lat., accordingly beyond the limit of trees,

many small birds belonging to the order Passrres occur.

Schmidt there found ten species, to which number we are
able to add four more, viz., Friiii^illa li?iaria, Einbtriza
pusilla, Saxicola a'iiantlit\ and Pliyllopneusic trocJtilus.

A number of birds in Siberia are found drawing more
and more to the west. It is stated, for instance, that the
species, .llauda alpcstris, Einhcriza rustica, and piisilla,

&c., which formerly could only be met with in .Siberia

and Eastern Russia, are now found in Finland and
Western Russia, and indeed even within Scandinavia. In
the time of Pallas the Ural formed the western limit of
the E»ibe?'iza aureola, which is now common in the whole
north of Russia. It is therefore not impossible that part

of the birds at present peculiar to North Russia and
Siberia may in the future belong to the fauna of Sweden.
Trybom states that at Krasnojarsk, the insect fauna was
abundant and very unlike the Scandinavian. As the
party descended the river the insects diminished in

number more speedily than could have been expected,
those strangest to the Swedes generally disappearing
first. Where the wood had been burned lately, and vege-
tation had not been able to regain its ordinary condition,
the insect fauna was also poor. Compared with the
phanerogamous plants occurring within the same area the
Scandinavian insects taken overhead are immeasurably
more numerous than those of the Jenissei River Valley.
It is on the tundra tliat the most which are common to
Scandinavia are found. In the collections made the
Coleoptcra are most numerously represented, then the
Hymcnoptcra, Diptcra, Lvpidoptira, Neuroptcra, and
Orthopicra. The number of species collected is believed
to exceed l,oco, among them about fifty kinds of diurnal
Lcpidoptera. Of these two-thirds are Scandinavian. Of
the insects collected about Krasnojarsk only the half are
Swedish. The four species [Colias pahcno, L., and Boothii,
Ross, Pieris napi, L., and Aroyuuts pah-s, W. V.) found
at the Nikandrovska Islands are all Swedish. The dis-
tribution to the north or south was for many species dif-

ferent from that in Scandinavia. Thus Parart^a liiera,

Hiibn., ceased there at least three degrees farther south
than in Sweden. Lycicna acts, Ochs., was not found farther
north than at Nikulina, 60" 25' N. lat. Pieris daplidice,
L., was, on the other hand, found as far as Fatianova and

Lycccna argiolus, L., at Turucharsk (65^ 55' N. lat.),

Heteropterus sylvius. Knock., which was very common as
far as Krasnojarsk, was also found there. Argynnis
aphirapc, Hiibn., is found in Sweden six degrees farther

south than it was seen on the Jenissei, but Arg. /rc/a,

Thbg., on the contrary, two degrees more to the south in

the latter place. Polyonunatus hcllc, W. V., is pretty

common on the Jenissei, two degrees farther south than
in Sweden.

Arnell states that the moss flora of the Lower Jenissei,

like that of the whole of Siberia, generally may be said to

be almost completely unknown to science, only eighteen
species of mosses being previously known. The number
collected during the expedition may, perhaps, as far as
may be judged before the material is thoroughly worked
out, be reckoned at about 300, many being foreign to

Scandinavia and many even new to science. The most
peculiar localities on the Lower Jenissei are the tree

stems on the banks, which are periodically overflowed.

The stems receive a coating of earth often to a height of
many feet above the ground, and form an excellent

locality for mosses. Here are found not only some
Scandinavian mosses as Lcskca polycarpa, Myrinia,
AinblvslCi^ium ripiiriuin, Fontiiialis hypnoides , Neckera
undulala, lloiualia trichomauoidcs, Pylaisca (in an unend-
ing variety of forms), &c., but also and especially by two
non-Scandinavian mosses, namely, the uncommon genuine
Tii/iiuia ncgdpolitana and an exceedingly pretty Eurhyii-
chiuin concinnum, formerly referred to Myiirclla or a
peculiar family of Aclirolepis, but undoubtedly belonging
to Eurliyiichiuin.

The masses of decayed stems found in the forests in

incomparably larger numbers than in Scandinavia form
another peculiar locality. They are characterised espe-

cially by Dicrana fragilt/oliuin and/itsccsccus, which here
exhibit all possible transition forms to each other, and a
number of Hepaticce, part of them foreign to Sweden.
Mountain localities, especially with primitive rocks, are

seldom met with on the Jenissei. The mosses peculiar to

primitive rocks were found very sparingly. Griniinia and
Rhacoinitriuiii were seldom met with. Of these two families

Grinitnia apocarpa, which is not particular as to what it

grows on, is the only species which in some degree is dis-

tributed over the region. Only once was a Rliacoinitrium

found in the whole distance from Krasnojarsk to the limit

of tiees, about 1,660 miles; first north of the limit of

trees the family began to take to some extent the place it

has in Sweden. The moss flora of the Lower Jenissei may
be said to be specially characterised by its richness in

Mitia and MarchantiacccE. The following were also richly

represented .— Splaclmacea- (with eight species). Poly-
tric/iuin, Biyutii (particularly towards the north, in very
beautiful forms, partly new), Wcbcra, Dicranuin, Enca-
Ivpta and Sphagnum, &c. Some of the greatest Scan-
dniaviaii rarities were found, as Orlhothccium intricatiiin,

Mvnrclla julacea and apiculata, Hylocontium oakcsii,

Pogonatiim capillare, Oliirotrichutn hcrigatuin, Cincli-

dium subrotundum, all ivith fruit. Enormous masses, in

which two species of Riccia occurred, were found close to

the water's edge on the clay banks inundated during
summer the whole way from the Nikandrovska Islands to

Jeniseisk. In Scandinavia the northernmost represen-

tative of this family does not go farther north than about
the sixty-second degree of latitude. Extensive collec-

tions of fresh-water alga; were also made, but no detailed

account of them can yet be given.

Arnell states that somewhat over 700 herbaceous plants

were collected during the summer at about sixty different

points on the Jenissci ; of these about 200 are foreign to

Sweden. Several families and races, as Gymnospcrmce,
Androsacc, Pcdicularis, and .-IncmoneiLre richer in species

on the Jenissei than in Scandinavia ; the following races

numerously represented in Sweden are sp.aringly met with

on the Jenissei :

—

Hieracium, Campanula, I 'cronica, Tri-
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folium, Geranium, Scdum, &c. The forests which clothe

the banks of the Jenissei consist to a great extent of non-
Scandinavian trees, namely, of the larch, Piiius ccmbra,
Aliis sibirica, and the Abit-s ohovata, which scarcely

difftrs from Pinus abit-s, and of Populus nigra. Of the

trees common to Scandinavia the most important are the

birch {Bctula vcrruiosa and glutinosa), pine, aspen, bird's

cherry, and mountain ash. Besides, the Saliccs play a
very important part on the Jenissei, inasmuch as they

form extensive woods on the low banks periodically over-

flowed ; these Saliirs often grow to uncommonly large

sizes, and consist in part of non-Scandinavian species,

one of which, Salix I'itcllina, is the most common of all,

and spreads over the whole of the region examined by the

botanists of the expedition.

The bush vegetation too in Siberia exhibits differences

from that of Scandinavia. On the Jenissei Alnastcr fru-
ticosus is important beyond others, because it forms
thickets, and especially towards the north increases in

mass, going in that direction beyond the limit of trees.

Among other bushes foreign to our flora there occur on
the Jenissei the Siberian pea tree {Robinid), Spinta con-

fusa, sorbifolia and salicifolia, Sanibuctis raccmosa, Cra-
la-gus sanguint\i, Cassandra calyculata, peculiar types of

roses, &c. Among the bushes common to Scandinavia
the most important are the black and red currant, dwarf
birch, Loniicra carulia, which is far more widely distri-

buted than in Sweden, juniper, J/i'r/Vi? gale, raspberry,

Empctrunt nigrum, Vaccinium vitis ida-a, and myrlillus,

&c. Towards the north the bushy Saliccs play an im-
portant part, as in our northern regions. On the Jenissei

there has been found only one species oi Alnus, which is

specially interesting as not being either of the Swedish
species, but perhaps the genuine Alnus pubcsccus. On
the other hand there are absent on the Jenissei many of

our trees and bushes, as the nobler deciduous trees and
fruit trees, and, what may be said to be distinctive of the

Jenissei flora, heather, which is so extensively distributed

in Sweden, is wanting.

TEMPERATURE AND HUMIDITY OF THE
AIR A T DIFFERENT HEIGHTS

A MEMOIR on the temperature and humidity
of the air at different hours, by Dr. H. E.

Hamberg, based on observations made by him during

the summer of 1S75, at heights varying from 2 inches

to 22 feet above the ground, was published recently

in the Transactions of the Royal Society of Sciences

at Upsal. The memoir is a valuable one, and is of in-

terest to more than the mere meteorologist, it being evi-

dent that the inquiry is so handled as to bring it into close

connection with such difficult questions as convection

currents in the free atmosphere and the diffusion of

vapour through the air.

In clear weather the temperature of the air nearest the

surface was lower than that above it, from two to three

hours before sunset to at least two to three hours after

sunrise. At all the six heights the temperature fell to the

minimum at the same hour, viz., about 3 a.m. ; but while

it continued from this time to rise steadily at all the

heights, the lowest temperatures continued to be observed

in the strata nearest the ground till several hours after

sunrise. From this remarkable result Dr. Hamberg con-

cludes that the increase of temperature in the lower strata

of the air in the early part of the forenoon is not an im-

mediate and direct consequence of the heating of the

ground, but is rather to be attributed to the absorption by
the air, or more strictly by its aqueous vapour, of the heat

received from the sun's rays or reflected from the ground.

Over uneven ground covered with vegetation the tem-

perature near the surface is generally higher over those

parts of the field which rise above the general level.

Thus even slight elevations of only one or two feet have

the air immediately resting on them often 2° higher or
more, whilst on the other hand, a trench or depression
one or two feet below the general level has the air rest-
ing on it often 2°, or more, lower than the air over the
level portions of the field, a result of considerable
practical importance in agriculture and horticulture.
The latent heat set free on the formation of dew appears

from the observations clearly to retard the lowering of
the temperature, but not to the extent which might have
been expected. When, on the deposition of dew, the
temperature of the air near the surface has fallen below
32°, as soon as the dew is congealed into hoar-frost the
temperature of the lowest stratum of air in contact with
the ground instantly rises to 32° ; but at the same time
the temperature of the air higher up steadily remains
lower than 32°.

The absolute humidity of the air on clear nights on
which no dew is deposited decreases from the ground
upwards, just as happens during the day ; but on the
other hand, with dev/, the humidity is least nearest the
ground, and increases with the height, and this influence
of dew, in diminishing the humidity, extends [upwards to
at least twenty-two feet, the height to which the observa-
tions were carried. Since his observations clearly show
that the absolute humidity begins in the evening to
diminish near the ground before any dew is observed to
be deposited, and also diminishes at all heights on those
nights during which no dew whatever is formed. Dr.
Hamberg is of opinion that the diminution of the humidity
of the air during night is to be sought for in other
physical causes than the deposition of dew.

Several of the points discussed will doubtless be made
subjects of further investigation by others. In all cases
it is most desirable, indeed absolutely necessary, to a
critical valuation of the observations, that the authors
give woodcuts and descriptions of the exact position and
mode of protection adopted in the case of each thermo-
meter employed in the observations. For such refined
inquiries the method of observation must necessarily be a
refined one ; in other words, such as will certainly secure
the necessary comparability among all the instruments.

THE CHRONOMETERS OF SWITZERLAND
VXTE find in a recent number of the Bulletin of the
• "^ Society of Natural Sciences at Neuchatel an

interesting report of the Neuchatel Observatory on the
annual competition of chronometers for prizes awarded
yearly by the Observatory. The report gives some idea
of the degree of perfection reached in Switzerland in the
construction of chronometers. The 231 chronometers
(four box and 237 pocket chronometers) admitted to the
competition out of 270 sent in were submitted to a severe
test, including changes of temperature and of position
during periods of from two weeks to two months, and the
results of the trial appear as follows. The average
diurnal variations in the rates of the box-chronometers
proved o'32 sec. (against o'20 in 1874), and of the pocket
ones 0*46 sec. (against o'53 in 1874), and there was but
two per cent, of these last, the average diurnal variation

of which reached i sec. The various systems of es-

capements appeared, as was observed in former years,

to have but little if any influence on the degree of pre-

cision of watches, provided they remain constantly in the

same position, vertical or horizontal. The compensation for

changes of temperature proved to bealtogether satisfactory,

the average variation of 167 chronometers submitted to

variations of temperature from 15 to 25 Cent, degrees being
but o'i3 sec. for each Centigrade degree. It must, how-
ever, be noticed that only 51 per cent, of them showed
variations below one- tenth of a second for each degree,

and that 10 per cent, showed variations above o'3 sec.

Finally, the differences between the rates during the first

and the last weeks were : for bo.x- chronometers, 2'il sec.
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after a period of two months ; and for pocket-chrono-

meters, r57 sec. after a trial of six weeks ; and the

average differences between the maximum and minimum
rates proved to be, for box-chronometers, 3'23 sec, after

a two months' trial ; and for pocket-chronometers, 6'2 2 sec.

and 575 afcer six weeks and one month's trials. These

figures show certainly that there is enough to do yet in

raising the industry to the high degree of perfection which

is desirable, but the steady progress during the last ten

years is remarkably seen in a table showing the increase

of precision of the Swiss chronometers in every direction.

Thus the average diurnal variation, which was as high as

1-27 sec. at the competition of i8(j4, regularly decreases

to o'46 in 1S75 ; the average variations of rate produced

by changes of position, being 82 1 sec. ten years ago, is

now but I 97 ; and the defective compensation for tem-

perature rapidly decreases from o'48 sec. for each degree

to 01 6, and now it is but o'i3. Besides, the report states,

some of the best chronometers reach as high a degree of

perfection as to make them comparable with astronomical

clocks. Thus the box-chronometer which received the

first prize is a true phenomenon of its kind. Its mean
diurnal variation is as low as ooS sec, i.e., that of good
astronomical clocks ; its mean weekly rate chang;ed after

a two months' trial only by 0-57 sec. ; the difference

between the maximum and minimum rates is but o 94 sec,

and the imperfect compensation for temperature is

004 sec. for each degree ; finally, its characteristic

number, calculated by the Greenwich method, reaches

but 8'90 sec. The two best pocket-chronometers realise

perhaps a yet greater success, their average diurnal

variations being respectively but o'i3 and o'i7 sec.

THE BRITISH ASSOCIATION

THE two soirees that were held in the Guildhall, the

first on the evening of Thursday, the i6th instant,

and the second on Tuesday, the 21st, were very fully

attended.

At the second conversazione several objects of scientific

interest were exhibited. At the centre table Prof. Herbert

McLeod showed his beautiful cycloscope, an instrument

which formed the subject of a paper read by Prof. McLeod
before Section G on Wednesday week. Mr. Silvanus P.

Thompson, of University College, Bristol, showed his

apparatus for exhibiting certain optical illusions, upon
which a paper was read by him in Section A. Prof.

Osborne Reynolds showed the apparatus by which his

paper upon the rate of progression of groups of waves

was illustrated ; and Mr. J. VV. Swan exhibited a modifi-

cation of the Sprengel pump.
In the picture gallery Dr. Graham Bell had his articu-

lating telephones at work.

There was great competition for the tickets for the

excursions for both Saturday and Thursday. The excur-

sion to Lee Moor under the guidance of Mr. Spence
Bate, F.R.S., was originally limited to 100, but there were

more than 300 applications for tickets, and extra

waggonettes had to be put on. The party, after having

visited the China Clay Works of I\Iessrs. Martin, the

largest establishment of its kind in the world, divided

into three parties : the first walked across the Moor to

Sheepston, to examine some prehistoric remains recently

discovered by Mr. Spence Bate. Another party under

the charge of Mr. Martin took a walk to Shell top and
Pen Beacon, from which fine views may be had ; and a

third detachment remained in the grounds of Mr. Martin,

which are unique in their way, from the intricacy of their

laying out.

The popular excursion of the day was, however, that

up the Hamoazeand Tamar, to H.M.S. Caiiibrid'j^c, under
Great Albert Bridge at Saltash, into the Sound, and
visiting the Breakwater and Eddystone Lighthouse.

The Admiral of the Port placed three (iovernment
steamers at the disposal of the Association, and there was
tremendous crowding to get on to the boats. Upon
reaching H.M.'s gunnery ship Cambridge, the gunnery
and torpedo practice began, and some splendid feats of

firing at long ranges were exhibited.

On the same day there was a dredging excursion under
the superintendence of I\Ir. Gwyn Jeffreys and Mr.
Hearder.
While these excursions were going on a select party

was, at the invitation of the Mayor and Corporation of
Exeter, visiling that ancient city. At the luncheon, the
toast of " The liritish Association," was proposed by Sir

Stafford Northcote, Chancellor of the Exchequer, and
responded to by Mr. Spottiswoode, F.R.S., the Presi-

dent-elect.

The excursions on Thursday last were first to Liskeard,

the Cheesewring, and the Caradons, at the invitation of

the Mayor of Liskeard. The second excursion was
by way of the Tamar to Morwellham to the celebrated

Devon Consols Copper Mines, taking on its way the

fine old medieval mansion of Cotehele, which was
thrown open to the members by the Earl of Mount
Edgcumbe, to whom it belongs. The last of Thursday's
excursions was to Totnes, Torquay, and Brixham,
and like the Exeter excursion, was only by special

invitation. It was divided into four sub-excursions

(«), Archaeological, visiting Totnes and Berry Pomeroy
Castles ; iji), Mechanical, visiting the Experimental
Works of Mr. Froude, F.R.S. ; and (c and d), Anti-

quarian and Geological, the first to Kent's Cavern, under
the guidance of Mr. Vivian, and the second to Brixham,
with Mr. Pengelly, F.R.S.
The Plymouth meeting of the British Association for

1877 has b;en decidedly a quiet one ; its attendance as a

whole has been below the average, and its funds are pro-

portionately low ; but it has done good work, and it has
been marked by several papers of great scientific interest.

The discovery by Prof. J. C. Adams of the original papers
of Newton respecting the rotation of the apse of the

moon, the exhibition of the articulating telephone of

Dr. Graham Bell and the very valuable suggestions con-

tained in the address of Prof. Carey Foster, must all help

to mark the Plymouth meeting in the annals of the

Association as a valuable one, notwithstanding its failure

in points of attendance and pecuniary position.

The following are some of the figures connected with

the recent m-eeting :

—

Number of tickets issued to Old Life Members ... 161

New ,, ,, 19

,, ,, ,, Old Annual Subiciibers 238

,, ,, ,> New ,, ,, ... 58

,, ,, ,, Associates 447
,, ,, ,, Ladies 2S3

There were also present, of Foreign Members 11

Making a total of 1,217

The total receipts from the sale of tickets amounted to

1,267/.

REPORTS.

Prof. O. Reynolds presented the Rj/'ivl of tlu- CoinmUtec ap-

foiitled to consider what Effect Kevening tin Screw had on the

Steering of a Steamer under Full Way.—Since the last meeting

of the Association the Committee had carried out further experi-

ments, and the results now obtained show that the larger the

ship the more important the effect of reversing the screw became.

In answer to the request of the Committee, the Admiralty had
made a trial with H.M.S. SfieeJy, but the conditions under

which it was conducted precluded tlie possibility of more light

being thrown on thesubject. The greatest speed was five knots,

and the effect of the rudder witli the screw reversed w.as so small

that the vessel in most instances turned her forward end into the

wind. Tlie Admiralty had been urged to have experiments made
with larger and more powerful ships, but as yet had not assented
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The Committee forwarded copies of their last year's report to the

Admiralty, the Baard of Trade, the Trinity House, and other

corporations, but no intimation had been received as to any

action being taken upon it. The report was discussed at the

conference of the Association for the Reform and Codification

of the Law of Nations last year at Bremen, where a resolution

was agreed to declaring that the existing international rules for

preventing collisions at sea were not satisfactory, and it was
desirable the governments of maritime states should take coun-

sel together with a view to amenil the rules and adapt them more
carefully to the novel exigencies of steam navigation. This

showed that the subject had already attracted considerable atten-

tion, and it was important to notice that the conclusions of the

Committee had not yet in the smallest degree been controverted.

Numerous collisions had happened during the year, which, to

judge from the law reports, might in many instances have been
avoided had the effect of reversing the screw been known and
acted upon ; but it did not appear as if a consideration of this

had intluenced any of the judgments given. The collisions had
for the most part been with small ships, and so had not came
much into notice. The loss of the Dakota, however, was a dis-

aster of the first magnitude, and would unquestionably cause the

subject to be considered by the authorities.

Report of the Committee for commencing Secular Exferimenls
on the Elasticity of Wires.—The Committee have been chiefly

occupied with preliminary arrangements and preliminary experi-

ments.

A room has been fixed upon in the tower of the University

buildings in Glasgow for suspending wires for the secular experi-

ments. In this room there is an available height of sixty feet.

A tube of cast-iron, within which the wires are to be hung, is at

present being erected, and will be ready in two or three weeks.

The tube is to be 60 feet high and 9 x 44 inches in cross

section.

Wires of gold, platinum, and palladium have been supplied

by Messrs. Johnson and Mathey, and with these it is proposed
to commence the secular experiments. These wires have been
specially drawn for the Committee. Each of them weighs one
grain per foot.

A cathetometer suitable for making observations on the wires

alter they are hung up in their place has been designed and is

being constructed by Mr. James White, instrument-maker,

Glasgow. Preliminary experiments have been undertaken for

the purpose of determining Young's modulus, and the breaking
weight of the gold, platinum, and palladium wires.

Some experiments have also been undertaken in connection

with the subject under investigation as to the effect of continued
application of force on the breaking-weight of steel wire and
solt iron wire, and results of importance have been obtained.

These experiments are still being carried on, and numerical
results will be given in a future report. It is found that when a

weight nearly as great as the breaking-weight is kept for a long
time—several days, for instance—and applied to pull out a soft

iron wire, the effect is to increase largely the strength of the

wire. It is often increased by as much as 6 or 7 per cent.

Report of the Committee on Luminous Meteors, by J. Glaisher.

—The Committee have to record a year of very active research

and of diligent and successful observations of shooting stars,

fire-balls, and aerolites since the last report. The toilsome work
of mapping and projecting star showers, and comparing and
arranging the radiant point in lists, has occupied so much
attention that they have been obliged to postpone till next year
the work of furnishing observers with a resume of the known
star showers. The autumn and winter months were marked by
numerous large fire-balls observed in England and abroad, some
of which are of very special interest. Two, if not more,
aerolites have fallen in America, and one at Constantine, in

Algeria. Besides the magnificent meteor seen in the United
States on December 21 last, from which one of these aerolites

was projected, an equally splendid aerolite passed over Cape
Colony on March 16 last with loud explosions, but no aerolites

are known to have fallen from it in its flight. Much of the
attention of the Committee has been engaged in the continued
examination and comparison of star showers, and valuable
work has been performed by Mr. W. F. Denning. There have
been no marked star showers for one or two years, but some
examples of frequency on certain nights have occurred. The
August shower of 1876 and of the present month have both
been below the average. The work of the Committee has,

as in former years, been chiefly performed by Prof. A. S.

Ilerschel.

7he Report of the Committee appoin/eJ to consider the Ordnance
Datum Lezel.—l\.{iex detailing the various causes which they found
had led to the micertainties referred to in the communications made
in 1875, the Committee came to the following conclusions :— ist.

That of the two tide gauges at Liverpool, now purporting to
refer to the old dock sill, the zero of that fixed at the south-east
corner of the Canning dock was about 5 64 inches above that on
the river face of the Canning Island, Liverpool. 2nd. That in
order to reconcile the statement in the ordnance book of levelling,
" that the datum level for Great Britain is S-ioths ofan inch above
the mean tidal level obtained from the records of the self-record-
ing tide-gauge on the St. George's Pier, Liverpool," with the usual
facts which the Committee have collected, it is necessary to bear
in mind that the records of the self-acting gauge referred to were
the observations of one month only of the year 1S59, and that
the mean tide of that period was 7 '8 inches below the mean
decade from 1S64 to 1873. 3rd. That the difference of levels

between the old dock sill and the ordnance datum, given in the
ordnance book of levelling as4'67 feet, is correct on the assump-
tion that the zero of the gauge on the face of the Canning Island,
and not that of the gauge in the Canning dock, be taken as the
correct level of the old dock sill, and that, as slated in the ord-
nance book of levelling, the ordnance datum betaken at S-ioths
of an inch above the mean tide level of the month of March,
1S44, as ascertained by the ordnance department. 4th. That it is

thus apparent that the ordnance is an entirely arbitrary level, and
could not be again obtained from tidal observations. The com-
mittee had thought it advisable to take advantage of the present
inquiry in order toobtiin information as to some of the various

local datum marks in use in the British Isles, and to endeavour
to ascertain the difference of each relatively to the ordnance
datum, which would thus be the means of comparison between
them. In order to enable the Committee to carry out this work
they begged to be re-appointed.

Keporton the Conditions under which Liquid Carbonic Acid exists

in Rocks and Mimrals, by W. N. Hartley, F.R.S.E.—In a
paper read at the Glasgow meeting of the Association, Mr.
Hartley described the method of dstermining the exact tempera-
ture at which the caibonic acid sometimes found inclosed in

minerals becomes gaseous. This temperature is called by Prof.

Andrews the critical point, and has been determined by him in

the case of pure carbonic acid prepared artificially to be 30" '92 C.
Mr. Hartley gives a table showing the critical point of carbonic
acid inclosed in various minerals in which certain variations from
Dr. Andrews' number are apparent ; these, however, may be
accounted for when the critical point is below the normal point
by the carbonic acid being mixed with some incondensible gas
like nitrogen.

It seemed desirable to ascertain whether the presence of liquid

carbonic acid in rocks was not of frequent occurrence, and
whether the immense number of cavities dispersed through
various minerals which are usually considered to contain water
may not often contain liquid carbonic acid, or whetlier the occur-
rence of this body is characteristic of certain formations. A
considerable number of minerals was examined, including
sapphires, zircons, garnets, topazes, and sections of fluor spar.

Incidentally the inquiry led to some very interesting results

concerning the motion of the bubbles in fluid cavities when
influenced by some source of heat, of which the following is a
summary :—

1. The bubbles in certain fluid cavities approach a source of
heat brought near them.

2. The bubbles in certain cavities [recede from the source of
heat.

3. That 5° C. rise of temperature suffices to cause the apparent
attraction.

4. That a rise of \f C. will in some 'cases cause the apparent
repulsion.

5. That in certain cases a bubble which receded from the
source of heat at ordinary temperatures approached it when raised

to Co' C. ; the source of heat always being from A" C. to 5°

warmer than the specimen.
6. That this could occur in cavities containing liquid carbonic

acii' as well as water, but that it made no diflference whether the

carbonic acid was raised above its critical point or not.

Mr. Hartley
^
has also examined a remarkable vibration of

minute bubbles in fluid cavities first noticed by Mr. Sorby.

It was found that these bubbles approached a warm body
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brought near them, and that they ceaseJ moving, .ind clung

for some time to the warmer side of a cavity. The con-

clusion arrived at for these phenomena is as follows :—It

is impossible to imagine a body which is not gaining or

losing heat, or at the same time gaining and losing lieat ; it

is therefore impossible to imagine it as entirely through-

out of a uniform temperature. It is evident, then, that an

easily movable particle, which can be set in motion by exceed-

ingly slight differences in temperature, will make the transference

of heat from one point to another plainly visible. The minute

bubbles in the cavities are such particles, and these vibratory

motions afford ocular demonstration of tne continual passage of

heat through solid substances. A further continuation of

the research was extended to the conditions under which solid

particles exhibit the Brownian movement.
Concerning the presence of liquid caibonic acid in minerals,

Mr. Hartley finds that it is not of comraon occurrence, but only

occasionally met with. He also describes in his report Ihe means
of demonstrating in certain cavities the continuity of the g.aseous

and liquid states of matter as shown by Dr. Andrews in his well-

known experiments. Regarding the proportion of gaseous and
liquid carbonic acid to water in the cavities, some important

generalisations have been arrived at.

Mr. Hartley gives reasons in the report which cause him to fix

the temperature of formation of the mineral in the case of topaz

somewhere above 342" C, the critical pomt of water. In certain

other cases in which the cavities differ in the nature of their

contents, the water, he thinks, must at the time of their forma-

tion have been in the liquid state. It is possible to determine

within certain limits the temperature which a rock < r mineral

has endured if liquefied carbonic acid is found inclosed in it.

Rtpott on some Double Compounds of AHckel and Cobalt, by J.

M. Thomson.—On attempting to prepare the so-called conju-

gated sulphate of nickel, cobalt, and potassium mentioned by
Vohl (Ann. Chcm. Pharm, Ixv.), who assigns to it the formula

NiCoKj(S04)4 . i2H.jO, it was found that the several fiactions

deposited consecutively foim a sohition containing molecular
quantities of the simple potassio-sulphates of the two metals,

possessed different colours, and showed also the property of

dichroism to a remarkable degree. The operation having been
repeated several times with a like result, it was determined to

examine whether any regular replacement of the two isomor-

phous metals took place. Quantuies of the two salts were dis-

solved in a sufficient quantity of water, and the resulting solution

evaporated gently over a water bath at a temperature of So", the

crystals being allowed to deposit in successive fractions.

The ci7Stals of the conjugated salts are oblique prisms, having

a tendency to modification when allowed to grow to any great

size. The first fractions have a greeriah grey colour when seen

in the mass, showing the preponderance in them of the nickel

potassic sulphate over the corresponding cobalt salt ; the latter

fractions, however, gradually become more crimson in colour as

the cobalt potassic sulphate preponderates over the nickel salt.

Details cf analyses are given in the report, showing the different

quantities of nickel and cobalt contained in the several fractions.

It is shown that Vohl's Ibrmula may be correct for isomor-
phous metals having a considerable difference in their atomic
weights, but fails when two metals, such as nickel and cobalt,

having the same atomic weights, occur in the conjugated salts, as

they give rise to replacements requiring a very high molecular
formula to express their constitution.

The examination of the optical propeities of the several frac-

tions possesses some interest. It was observed that the colours

shown through the different axes passed in a direct order down
the spectrum. In the first fractions the more highly refractive

rays of the cobalt spectrum mingle wiih the green of the nickel,

whilst in the latter, the two lajs aie those adjacent to each other
in the cobalt spectrum.

That these salts or fractions are not merely isomorphous mixtures
is shown by the fact that large crystals taken for analysis exhibit

throughout llie same dichroism. If, then, the phenomenon of
dichroism is dependent on molecular constitution, as seems pro-
bable, it follows that all bodies exhibiting dichroism must be
definite chemical compounds, and therefore the molecular for-

mula of some of these must be far more complicated in their

structure than is at present imagined.

Abstract of the Thirteenth Report of tlie Committee for exploring
Kent's Cavern, Devonshire.—The Committee, in their TweUlli
Report, read at Glasgow last year, brouglit up the history

of their researches to the end of August, 1S76. They have

now the pleasure of continuing that history to the end
of July, 1S77. During the intervening eleven months the

work has been continued without interruption, on the

same method and under the same daily superintendence as

heretofore. The workmen named in the Twelfth Report are

still employed on the exploration, and continue to give unqualified

satisfaction.

On November 2, 1876, Mr. Busk, a member of the Com-
mittee, visited the cavern, accompanied by one of the superin-

tendents, when he inspected that portion of the work which was
then in progress, as well as the principal parts where the

exploration has been completed.

The researches continue to attract large numbers of visitors, .

most of whom are admitted by the authorised guide, who, under

well-defined and strictly-observed regulations, conducts them
through such branches of the cavern as are of general and
popular inteiest, but not to those in which the work is in actual

progress:, or lias not been begun. The superintendents have
also had the pleasure of accompanying a large number of visitors,

including men of all professions and of various countries.

The Tear's Den.—The chamber termed the Bear's Den
measures about sixty-seven feet in length, from north to south

nearly, from eight to thirty-eight feet in width, and from eight

to fifteen feet in height, the last dimension being measured from

the bottom of the excavation. The limestone roof is extremely

rugged, fretted, at:d water-worn.

Adjacent to its western wall is a vast boss of stalagmite, which
the superintendents have preserved intact on account of the in-

scriptions which crowd it. One of these, " William Petre, 1571,"

is of considerable interest on two accounts ; i, the elate is, so far

as is at present known, the earliest in the cavern, and the only

one belonging to the sixteenth century ; 2. Its genuineness can

scarcely be doubted, as it is known that at the period in question

there was a William Petre, a native of South Devon, quite a

young man, and a nephew of Thomas Ridgway, who. then

resided on the estate in which the cavern is situate, and of which
he was the proprietor. Moreover, in a lately discovered lease,

dated 1659, and conveying "closes, ffields, or pieces of ground,"

mention is made of " one close called Kent's Hole," thus showing
that the cavern was so well known about the niidelle of the

seventeenth century as to render it probable that it was known
also, at least, as early as towards the close of the sixteenth.

As the Rev. Mr. Macluiery broke ground in every p?rt of the

Bear's Den fifty years ago, its original condition can only be
learned from the description of it wtiich he has left, and which
may be given in the following very condensed form :

—

"The floor of the Bear's Den was studded with conical

mounds of stalagmite supporting corresponding pendants from

the roof. Fallen masses of limestone were strewed about, and
some of them were incorporated in the crust. An irregular

sheet of stalagmite, about a foot thick, overspread the floor, and
was based on a shallow bed of indurated rubble containing lubes

of stalactite collected in he.aps in parlicclir places, a great abun-

dance of alburn grtreum, an unusual proportion e.f bear's

teeth, and an iron blade much corroded. Points of sla'agraitic

cones were observed to protrude upwards into the rubbly bed,

and were found to rise from a lower sheet of stalagmite. The
cones of this lower sheet were precisely under those of the upper,

denoting that they were successively depusited from the same
tubes above, but the lowermost set exceeded by doable the

thickness of the uppermost, and the depth of the stalagmite

sheet was in the same proportion. The lower sheet extended

over the entire area of the den, but the superincumbent bed of

rubble, and its overlying thin sheet of stalagmite, ' thinned out

'

towards the sides. The removal of these partial beds displayed

the entire surface of the lower sheet, which exhibited a most
singular appearance. Over the whole area it was cracked into

large slabs, resembling flags in a pavement. The upper sheet

was not in the least fractured. The average thickness of the

cracked sheet was about two feet. It possessed the hardness of

rock, and but for its division into insulated flags it would have
been almost impossible to pierce it.

" The first flag we turned over displayed a curious spectacle.

Skulls and bones of bear, crowded together, adhered to its under

surface. Flag after flag disclosed the same phenomenon ; but

in one place numerous skeletons lay heaped on each other ; the

entire vertebral column and its various other bones, even to the

phalanges and claws, were discovered lying in their natural rela-

tion, in a state of preservation .-.s if belonging to the same indi-

vidual. The remains of bear prevailed here to the exclusion oi

all other animals. Some of the teeth were of the most dazzling
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enamel, and the bones of their natural fresh colour. Others, on
tlie contrary, were of a darkish, brown ; even the enamel was of

a greenish tinge. Owing to the induration of their earthy

envelope, or their incrustation by stalagmite, few were extracted

entire. Two skulls were buried in the stalagmite as in a mould,

and were brought away in that state. In no case were the

remains broken or gnawed by the jaws of carnivores. The long

bones were generally found entire ; and when observed broken,

it was only mechanically from pressure. The bones were highly

mineralised, heavy, brittle, and easy of fracture ; and, when
struck, rang like metallic substances."

The portions of the stalagmitic floor which Mr. MacEnery
had failed to break up, chiefly adjacent to the walls and other

confines of the Bear's Den, furnished the Committee with two

good examples of the remarkable cracks of which he speaks.

One of these was in the noith-east corner, where a crack, about

half-an-inch wide, extended from wall to wall, a distance of

about twelve feet, passing quite through the stalagmite, which

was nowhere less than two feet thick, but without faultmg it in

the slightest degree, or, so far as could be observed, in any way
affecting the underlying deposit. Mr. MacEnery, however, states,

though somewhat obscurely, that in some instances a derange-

ment had taken place in the materials covered by the broken

stalagmite. The second existing crack varies from '25 to 2'5

inches wide, and passes completely through the boss of stalag-

mite already mentioned, but without faulting it. No such cracks

appear to be mentioned by Mr. MacEnery as occurring else-

where, nor have the Committee met with anything of the kind

in any other branch of the cavern.

The ground broken by Mr. MacEnery extended to a depth of

from eight to twenty inches over almost the entire area of the

Bear's Dtn. As was his wont, he left the excavated materials

almost where he found them, and there were amongst them a

large number of specimens which had been overlooked or

neglected, including I tooth of horse, I of fox, 2 teeth of deer,

4 of hyena, 4 of mammoth, upwards of 200 of bear, very

numerous bones, especially of the vertebral column and feet, a

crowd of fragments of bone, numerous balls of coprolite, and a

few bits of coarse pottery.

It cannot be doubted that such cracks as Mr. MacEnery
flescribes must be a prob.able source of uncertainty respecting

the position and relative chronology of some of the objects found

in the underlying deposit, especially where this deposit shared

in the disturbance.

In accordance with Mr. MacEnery's description and the fore-

going considerations, the deposit the Committee had to excavate

was the breccia, with a small amount of cave-earth lying on it

heie and there.

The excavation in the Bear's Den w.^s limited, as in other

branches of the cavern, to a depth of four feet below the bottom

of the stalagmite, and the limestone floor was nowhere reached.

The "finds" in the Den were 3l5 in number, of which 12

were in the stalagmite ; loi in the first or uppermost foot-level,

47 in the second, 32 in the third, 23 in the fourth, or lowest,

and I in a small recess. Omitting those found in the stalagmite

and the recess, 32 of the "finds" were in cave-earth, 65 in a

mixture of cave-earth and breccia, and 96 in the breccia ;

whilst the matrix of the remaining 10 must be regarded as

uncertain. The colour and other characters of the specimens,

however, indicate with tolerable certainty to what beds and eras

they belong.

Besides a considerable number of bones and pieces of bone

representing every part of the skeleton, the specimens included

upwards of 620 teeth of bear, 24 of hytena, 10 of horse, 7 of

fox, 5 of mammoth, 4 of lion, and i of wolf (!), or of dog (?).

There were also 20 " finds" of coprolite and II flints.

Amongst the bones the skull of a bear may be mentioned,

which, to re-quote the language of Mr. MacEnery, was " buried

in the stalagmite as in a mould, and was brought away in that

state." Many of the specimens are of considerable interest, but

perhaps none of them differ so much from those mentioned in

previous Reports as to require detailed description.

None of the flints found in the Bear's Den are of so much
interest as many of those exhumed in other branches of the

cavern, and described in previous Reports.

A pillar of stalagmite was met with, in November, 1876,

under the following peculiar circumstances :—It measured about

fifty-one inches in basal circumference, and three feet in height.

The base was of nondescript outline, but everywhere above the

pillar was rudely elliptical in horizontal section, and it raea ed

thirty inches in girth at the height of one foot, where it

least. When found, however, it was in two parts, having been
divided along an almost horizontal plane, where it was thinnest.
Each segment stood perfectly erect, but not one on the other ;

for though the bottom of the upper segment was on precisely
the same level as the top of the lower, the upper portion had
been moved westward to the extent of fifteen inches horizontally,
and stood there on the breccia. It cannot be doubted that when
the dislocation occurred the pUIar had reached its full height,
and the breccia had accumulated round it to the height of one
foot ; that is, it had reached the level of the plane of fracture.

It is difScult to see how, by any possibility, the deposit could at
that time have reached a greater height ; and difficult also to under-
stand how anything other than human hands could have shifted

the upper segment and placed it so as to have preserved its erect

position. On the other hand, it is just as difficult to see what
motive man could have had for such a work. The whole, when
found, was completely buried in the breccia, and the top of the
upper segment was about a foot below the bottom of a thick
remnant of the stalagmitic floor, which was intact and not
cracked.

Rats, undoubtedly attracted by the candle grease dropped by
the workmen, continue to present themselves wherever the work
is in progress, irrespective of the distance from daylight.

7hc Tortuous Gallery.—As soon as the work in the Bear's

Den was completed, the exploration of a narrow passage opening
out of its southern end, and termed " The Tortuous Cillery,"

was begun. Its height varies from 15 to 6 feet, and its width
from I '5 to 4'S feet. It proceeds in a southerly direction for

about 23 feet, and then turns sharply towards the east. Ground
had been broken, here and there, by the earlier explorers up to

1 1 feet from the Bear's Den. Everywhere farther in there was
a continuous unbroken floor of stalagmite from i'5 to 3'5 feet

below the limestone roof. The underlying deposit was exclu-

sively the breccia, or, so far as is known, the oldest the cavern

contains. Its upper surface formed a continuous declivity, at a
mean gradient of i in 2

'5.

The " finds " met with in the Tortuous Gallery up to the end
of August, 1S77, were but fourteen in number, and the objects

they contained were of but little importance. Six of them were
in the first or uppermost foot-level—all near the entrance ; two
in the third ; and six in the fourth— all at some distance from
the entrance. They included, besides bones and bone chips,

fourteen teeth of bear—some of them being in portions of jaws

—

and one tooth of horse. The latter was lound on the surface,

near the Bear's Den, with three bits of coarse, friable, black

pottery.

On reviewing the work of the last'eleven months, the super-

intendents cannot but express disappointment at not having found

the very large number of choice specimens which Mr. MacEnery's
glowing description had led them to expect in the Bear's Den.

Nevertheless, the discoveries they have made not only justify his

description, but show that in that branch of the cavern the-

osseous remains were almost entirely confined to the uppermost

foot of the breccia, and mainly to its actual surface. So long as

tlie lower levels remained untouched the belief that they were
equally rich would naturally have prevailed ; and it cannot be

doubted that in disposing of this belief satisfactory work has

been done.

No trace of Machairodes latideus has been met with smce the

Glasgow meeting.

Fiflh Report of the Committeefor Assisting in the Exploration

of the Victoria Cave, drawn up by R. H. Tiddeman, secretary.

—

The work has been carried on almost continuously throughout

the year until July 14, when the low state of the exploration

fund rendered it advisable to give up working for the present.

Prof. Busk has reported on the bones submitted to him. Out

of iSl determined bones and teeth he reports of ox 46, deer 14,

sheep or goat 16, hare 3-4, fox 5, bear 41, wolf 4, hycena 30,

rhinoceros 11, elephant 3, badger 7.

Of the ox one is Bos primigenius, the other probably Bos

longifrons. Of the bears some are not unlike Vrsus spelceus

;

others are undoubtedly grisly bear. The hycenas are, as usual,

individuals of various ages. Rhinoceros is represented by at

least eleven well-marked specimens, all of which are clearly

referable to R. hptorliinus.

Three or four fragments of elephants' teeth occur. Fourteen

specimens of deer belong to red deer, but there is no clear

indication of reindeer.

A small ruminant, probably goat, occurs ; some of the bones

appear to be rather recent. Badger, fox, a .small wolf, tare,
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rabbit, several birj':, and water-vole, complete the list of those

wrhich have been determined from the bones obtained in the
year.

A great part of the work this year has been expended in

lowering the levels in chambers A and D. An adit has also been

cut from the fuither end of Chamber A to the end of Chamber
D. This part was completely filled up to the roof with several

beds of clay and stalagmite. These were all of earlier age than

the hysena bed, which was the great deposit of early pleistocene

age. They were almost entirely free from animal life of any

kind. The oniy specimens found were near the bottom of them,

and in one spot, consiiting of teeth of a small wolf. This, then,

is by far the oldest inhabitant of the cave. The presence of

wolf of course implies the presence of other animals.

The Committee is now working with a view to disclosing the

old bed of the river which first formed the cave.

Third Report of the Coininillec Jor Inres/igaliiis; the Ciiiiilation

of Underground Waters in the Nciu Red Sandstone and Permian
Formations of England, and the Quantity and Character of the

Water stipphed to various Toums and Districts from those

Formations, drawn up by C. E. De Kance (secretary), with

supplemental report by T. M. Reade.—No less than 10,000

square miles of England and Wales are occupied by the new
red sandstone and permian formations, which absorb not less

than ten inches of rainfall annually, and probably more where
the overlying drift is pervious or absent, and the sandstone

open and permeable.

The Rivers Pollution Commissioners classify waters in the order

of their excellence, for general fitness for drinking and cooking,

as follows ;

—

Very palatable.
( I. S;^ving water.

A. Wholesome. 2. Deep well wattr.
\

( 3. Upland surface water. ( Moderately palat-

i 4. Stortd rain water. ) able.

B. Suspicious. 5. .Surface water from
1

( cultivated land.
|

I 6. River water to which \ Palatable.

C. Dangerous. sewerage gets ac :ess.
|

( 7. Shallow well water. J

The average amount of hardness of the water of ihe deep
wells of the new red sandstone tabulated by the R.ivers I'oUulion

Commission being I7°'g, and that of the springs no less than
iS'^S, the relation of hardness of water to the rate of mortali'y

of the persons diinking it becomes a matter of great importance.
The Commissioners give three tables of statistics that bear

directly upon this point :—
From Table I. it appears that in twenty-six towns, inhabited

by 1,933,524 persons supplied with water, not exceeding 5° of
hardness, the average death-rate was 29°'I per 1,000 per
annum.
From Table II. we learn that in twenty-five towns inhabited

by 2,041,383 persons drinking water of more than 5°, but not
exceeding 10", the average death-rate was 2S'''3 per 1,000.

Table III. gives sixty towns, with an aggregate population
of 2,687,846, drinking water of more than 10' of lurdness ; the
average death-rate was only 24''*3.

Of the towns in Table I. none are supplied from the new red

or permian formations.

In Table II. three are so supplied.

In Table III. ten are so supplied, from which it will be
observed that the largest number of towns supplied with new
red water are found in the table with the lowest death-iate
and the hardest water.

The same result is obtained if we compare towns of corre-

sponding populations and occupations supplied with soft waters
from surface areas and those supplied with deep well water in

the new red sandstone. Thus:—
Per 1,000.

Manchester, 351,189 inhabitants, average death-rate ... 320
Birmingham, 343,787 ,, ,, „ ...24-4

And again

—

Stirling, 14279 ,, ,, ,, ,, 26'i
Tranmere, 16,143 d >> i> l8'8

The averages are, of course, also dependent on many external
causes. Thu?, Greenock and Plymouth, both supplied with
soft water, with an equal numlxr of inhabitants have a death-iate
respectively of 326 and 23-3 per 1,000, due to difference of

density of popuhtion, Greenpck only having one house for every

twenty-eight people. And again, Liverpool and Birkenhead,
both supplied with moderately hard water in the one, an old and
densely-populstel town with a .site saturated with what is in-

jurious to he.ilth, the death-rate is 31 per 1,000, while Birken-
head, a new town on an open site with wide streets, has a death-

rate of only 24 per thousand, though mainly inhabited by a poor
and struggling class of perF.ons.

Still it i; worthy of note that the five inland manufacturing
towns with the lowest death-rate are all supplied with hard
water, anl all from the new red sandstone.
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photometer employed consists of a cardboard screen, having an
aperture divided into two equal portions. One half is covered

with tissue paper and illuminated directly from behind. Behind
the other half is set, at the polarising angle, a mirror of black

glass. Light from a second lamp falls upon a screen of tissue

paper, whose light is then reflected in the mirror. Thus the two
halves of the aperture may be illuminated equally, but with

light in one case wholly unpolarised ; in the other, wholly polar-

ised. Let two Nicol prisms be now taken, having their principal

sections placed parallel and perpendicular, respectively to the

plane of polarisation of the mirror, and let one Nicol be placed

in front of each eye. One eye inly will receive the whole of the

polarised light, while the unpolaristd will be equally distributed,

half to each eye. The total amount of light received upon the

retinal surface will be the same from each half of the aperture
;

but their apparent illuminations will be unequal, that of the

polarised light appearing the greater. By comparing the dis-

tances at which the lamps must be placed, it appears that light

is more powerful in producing an effect when concentrated upon
one eye than when equally distributed to the two, though accord-

ing to what law experiments are not yet sufficiently numerous or

exact to determine ; but, on the other hand, the light so concen-

trated on one eye does not produce the 'sensation of twice as

much illumination as the half of the light viewed by both eyes

at once.

A paper by Mr. C. Meldrum was read On the Diurnal Varia-

tions of the Barometer and IVind in Mauritius. Mr. Meldrum
remaiked that in 1S75, 1S76, and 1877, the number of cyclones

had been much below the average, and that there had not bdn
any one great storm such as that which occurred in the perio^Is

1S60-63, and 1870-73. This, so far, confirms the hypothesis of

a connection between the frequency of sunspots and the frequency

of cyclones.

With regard to the rainfall the evidence in favour of a cycle

corresponding; with the sunspot cycle has much increased. Dr.

Hunter, of Calcutta, has lately found for Madras a rainfall cycle

identical with that which the author had previously found both for

India and various other parts of the world. Mr. Meldrum has

recently discussed the rainfalls of thirteen stations in the French
colonies for various periods from 1S32 to 1872, and obtained

results nearly the same as those that had been found for 144
stations scattered over both hemispheres. Dr. Fritz, of Zurich,

has shov/n that the severest hailstorms and the highest levels

of the rivers occur on the years of maximum sunspot. In
short there can, he thinks, be little doubt of an eleven-year

rainfall cycle, and when its laws are known they will probably be
of much practical use.

Account ofa Meteor •which passed over Bhawnepoor, in India,

in October, 1873, by Major G. Noel Money.—In the beginning
of October, 1S73, I was staying for a few days at Bhawnepoor,
capital of the independent state of the same name, which is

situated along the left bank of the River Sutley, and north of

the great sandy desert of Bikaneer.

Early one morning I was roused from ray sleep by a sound
exactly resembling that which would be produced by half-a-

dozen express trains passing close to the house at the same
moment. The room was as light as the brightest noonday.

Before I had time to collect my thoughts, two violent e.xplosions

in rapid succession shook the whole hou-e ; the doors and
windows rattled for fully ten or fifteen seconds. Earthquakes
being of not unusual occurrence in the north of India, particu-

larly at that time of the >ear, I naturally concluded this was
something of the kind, and hurried out of the house. As I did

so the light faded, and I was surprised to find, as I reached the

verandah, that it was still night, although the first streaks of

dawn were visible in the east. The native servants were running

out of their houses in the greatest alarm ; I asked what was tiie

matter. " God knows ! the sky has fallen," was the reply.

After breakfast we heard that a shower of stones had fallen

eighteen miles off to the north-east of Bhawnepoor, and later

in the day some pieces were brought in. The largest was
an irregular mass, as far as I can recollect about three feet lon^,

and a foot thick ; still hot, blackened outside as if by the action

of fire, of which it smelt strongly, of a dark grey colour inside,

and very heavy. I have now a piece which I broke off this

large mass ; although no bigger than a man's fist, it weighs

nearly t«o pounds. The natives who brought these in said there

were many n:ure ; one they declared, was as large as a bullock-

cart, and so hot that they cjuld not touch it.

It was afterwards ascertained that a second shower of pieces.

apparently the result of the second explosion, fell about thirty

miles beyond the first. It is satisfactory to know that there was
scarcely a possibility of deception as regarded these pieces

;

there not being such a thing as a stone, rock, or pebble the size

of a pea, within the radius of a hundred miles from Bhawnepoor,
the soil being either pure alluvial deposit or the finest sand.
The accounts given by native eye-witnesses of this meteor

were varied and unreliable, and one could only arrive at a satis-

factory result by an exhaustive process of comparison, but I was
fortunate cnoirgh to meet, the same day, a thoroughly trust-

worthy eye witness in the person of an European overseer who was
superintending the works at a new palace, which was in course
of erection for the Nawab at Bhawnepoor. This man had gone
down to the works before daybreak to look after a brick- kiln,

and being in an open space had an uninterrupted view of the
meteor. He described it as a large ball of fire, as big as twenty
moons, which passed, with a roaring sound, directly over his

head in a north-easterly direction. It lit up the whole sky, 'the
light being perfectly dazzling, and left behind it a flaming track
of red, green, and yellow. Before passing out of sight two
explosions in quick succession took place, at each of which a
shower of sparks seemed to fall, but no alteration appeared in

the size and shape of the meteor itself.

It has always been a subject of surprise to me that no attempt
was made by Government to collect any information regarding
this meteor. Had reports been called for from the various dis-

tricts it would have been easy to ascertain where it was first and
where last seen. Some estimate might then have been made as
to its size and distance from the earth's surface.

To give some idea of its magnitude, I may mention that at

Dera Ghazi Khan, seventy miles north of Bhawnepoor, it was
seen and heard nearly as plainly as it was by us. At a place 200
miles north and a little west of Bhawnepoor, it was so brilliant

that a native gentleman was, as he informed me, startled from his

sleep by the sudden light, and ran out of his house thinking the
next house must be on fire. He did not, however, hear any
explosion.

Some soldiers of my regiment in Terar, in Afghanistan, 400
miles north of Bhawnepoor, told me that they had also seen it,

and that it was so unusually large and brilliant that the mooUahs
( Mahomedan priests) were much exercised in mind about it, con-
sidering' that it must forebode some calamity.

Very little notice was taken ot the occurrence in the local

papers, but this is to be accounted for by the fact that it passed
over the most desert and thinly populated district in the whole
of India. I believe, however, I am right in saying that it was
also seen in Ajmere and Jypore, over 400 miles to the south-east

of Bhawnepoor.
On the Detcrniination of Timteratiire Coefficients for Insulating

Efivelopcs, by T. T. P. Bruce Warren.—At the Exeter meeting
of the British Association I read a paper on electrification, in

which I endeavoured to show that the rate of variation in the

insulation resistance of a core or cable under changes of tempera-
ture could be determined for any period of contact. A statement

was made in that paper which has led to the belief that india-

rubber has the same constant for correcting from one temperature
to another, and for any period of contact.

Prof. Fleeming Jenkins, Mr. Latimer Clarke, and others have
pointed oat that this phenomenon is not met with in gutta percha,

or any other insulator with which they are acquainted. This his
led me to re-examine the matter, and to consider carefully the

experimental data upon which the paper was founded.
The method of representing graphically the decrease of resist-

ance due to increase of temperature corresponding to one minute's

electrification, can be followed out for two, three, or any number
of minutes. In this w.ay a series of logarithmic curves are

obtained for any required duration of contact ; these curves are

generated by a constant which must first be ascertained by expe-
riment for changes of temperature at the end of one, two, three,

&c., minutes.

This was omitted in the previous paper, or at least not dealt

with as the importance; of such a subject required.

The phenomenon of electrification, from what has just been
pointed out, must appear to every electrician to have received

additional importance, so as no longer to be regarded as an unin-

telligible or inapplicable fact. One very important consequence
of its being reducible to an intelligible variation is that we can
irovv calculate not only the changes in the resistance of an insu-

lator due to variation of temperature, but we can ascertain with
the same precision any required change due to prolonged contact,
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at any required temperature. The resistances at different tem-

peratures under different durations of contact will, when tabulated,

represent a series of logarithms, the base of each system being

the ratio between the resistances for the same differences of

temperature, but corresponding to different periods of contact.

l'"rom these facts, electrification phenomena are capable of

receiving a mathematical rendering, which must prove of great

use to telegraph engineers.

If the temperature coefficient were constant for all and every

period of contact, we should obviously obtain a series of curves

with ordinates increasing in a constant ratio, which would mean
that the resistances did not diminish as we reach the higher

temperatures. Now as the temperature coefficients for increased

duration of contact diminish, the curves more nearly approach

each other as the temperatures are increased, which agrees with

the fact th.at electrification ratios are reduced less and less as the

resistance itself diminishes. A very curious result arifcs from

this treatment of the subject, which I have rot yet had sufficient

time to examine, but which may be nientionedjiere as probably it

may assist us to explain something of the nature of electrification.

To determine approximately the electrification ratio and conse-

quently the resistance at any required temperature and for any

period of contact, calculate first the temperature coefficient for

the required temperature, which is simply the expansion of the

ratio for 1° F. to that power corresponding to the degrees of

difference. Using this as the factor, extract the root of the ratio

for any two given periods of contact, this will give very nearly

the electrification ratio conesponding to the same period of

contact at the required temperature.

It thus appears that electrification, which is an inseparable

property of all insulators follows some law of variation in which
the temperature coefficient of the insulator itself is a function.

I hope to communicate to a future meeting the mathematical

development of the application of logarithmic functions to electri-

fication and thermal charges in insulating media.

A'otcs on t/ie ]'oluiitcS oj Solutions, by J. A. Ewing and J. G.

MacGregor, D.Sc.—In a paper by the authors published in vol.

xxvii. of the Tramactions of the Royal Society of Edinburgh,

containing an account of experiments on the density and
electrical conductivity of certain saline solutions, notice is

directed to the fact that the density of very weak solutions of

sulphate of copper and sulphate of zinc is greater than it would
be on the hypothesis that the anhydrous part of the salt dissolves

without increase of volume in the whole of the water present,

including the water of crystaUisation. On the other hand the

density of comparatively strong solutions is less than this hypo-

thesis would make it. From this it follows that if a small

quantity of one of these salts in the anhydrous state were added
to water, it would cause contraction, while a larger quantity of

the salt would produce expansion. The amount of such contrac-

tion, however, as indicated by observations of density, was so

small, that the authors were unwilling to speak positively as to

its existence until they had applied a direct volumetric test.

They have now done so, with the result of confirming the deduc-

tion drawn from their earlier experiments.

The apparatus consisted of a large bottle, 2744 c.cm. in

capacity, through the cork of which projected a vertical tube of

0'66 cm. in bore. The bottle, as well as a part of the tube,

was filled with distilled water, and the salt was introduced in

quantities of ten grammes at a time. The resulting change of

volume was shown by the rise or fall of liquid in the tube. In

order to eliminate the effect of variations of temperature, a

second precisely similar bottle and tube were prepared and filled

with water, and the two were placed together in a large tube

full of water.

The second bottle acted as a thermometer, and the expansion

or contraction dr.e to the introduction of the salt into the first

bottle ^vas indicated by the difference between the changes of

level in the two tubes. After the introduction of each dose of

salt the bottle was rolled about for a lime, so as to secure

thorough diffusion and solution, and then an interval of at least

six hours elapsed before readings were taken, in order that llie

heat given out by the hydration of the salt might be dissipated.

The following results have been obtained in the case of anhy-
drous sulphate of copper:—The maximum contraction occurs

when the proportion of anhydrous salt to water is about one to

fifty, and the amount of contraction is then 000043 of 'he original

volume of water. As more salt is added the solution begins to

expand, and with one part of salt to eighteen of water the

volume is equal to that of the water originally present. After

this any further addition of salt produces expansion beyond the
original volume. The rate of expansion per unit quantity of
salt appears to increase continually, but at first it is negative.

The above numbers are given subject to correction by more
elaborate experiments that are now going on. The authors
hope to extend the inquiry to other salts. They have already

examined the behaviour of anhydrous sulphate of soda, but vrith

that salt no contraction whatever has been observed ; the

solutions expand rapidly from the first.

On Magnetic Induction as affectin;^ Ohsci'c'ations of the Inten-

sity of the Horizontal Component of the Earth's Magnetic Force,

by Charles Chambers, F.R.S., Superintendent of the Colaba
Observatory, Bombay.—The magnets used in observations of

deflection and vibration, which observations are necessarily made
in the field of the earth's magnetic force, are subject to the

inducing action of that force ; and it is the universal practice

of magnetic observatories, sanctioned by the most eminent
writers on terrestrial magnetism, to apply corrections on account
of induction both to the deflection and vibration observations.

The object of this communication is to advance theoretical

reasons, supported by experimental evidence, against the pro-

priety of the particular correction applied to the vibration

observation. This correction is based on the assumption that

the vibration magnet is susceptible of induction longitudinally

but not transversely or not so sensibly ; and the assumption
probably rests on what the writer regards as a false analogy
between a permanent magnet and an induced magnet. The
former, when removed from the inSuence of a strong mag-
netising action, remains a magnet by virtue of its own internal

forces, whilst the latter is a magnet by virtue of external forces

alone ; it does not therefore follow that because the power of a
permanent magnet, measured by its magnetic moment, cannot
be made by the same means nearly as great transversely as

longitudinally, therefore the same may be said of an induced
magnet. Indeed, in his treatment of the subject of the devia-

tions of the compass, Sir George Airy gives to each elemental
portion of a ship's iron as great a susceptibility to induction in

one direction as in another ; and in the more elaborate treatment

of the same subject, in which I'oisson's equations are taken as

expressing the fundamental conceptions of the theory, terms
representing transverse induction are still retained as of com-
parable magnitude in presence of others representing longitudinal

induction.

Applying the Astronomer-Royal's theory to the paiticular case

of the vibration magnet, its induced magnetism becomes an
assemblage of elementary magnets, whose magnetic axes are all

parallel to the magnetic meridian, and which, since they sensibly

retain their parallelism to the meridian during the oscillation of
the magnet, give rise to no moment of restitution, hence,

according to this view, no correction would be required.

According to Poisson's theory, the amount of the correction

is matter for experimental inquiry, and cannot be safely deter-

mined on () priori grounds. It may be objected, however, that

the swinging of a ship being a slow motion compared with the

oscillation of a magnet, the theory of the deviations of the

compass must be modified in its application to the case in

question ; and this is, no doubt, a correct view, for the theory
regards the inductive action as being, at every moment consi-

dered, sensibly carried to its limit of effectiveness ; whilst it is

not only conceivable, but doubtless the fact, that where, as with
the oscillating magnet, the motion is reversed every few seconds,

the transverse inductive action only partially approaches its

limit. On this account we should be prepared to expect then,

that even if the transverse induction were as great as the longi-

tudinal when time for full development of the induction was
allowed, it would be in defect in the case of the vibrating

magnet.
In the years 1S73 and 1S74—long before these views of the

subject of induction first occurred to the writer—he had had
made in Bombay a careful comparison o two Kew unifilar

magnetometers by means of practically contemporaneous ob-

servations. The result was to show a persistent difference in the
values of the horizontal force yielded by the two instruments,

far exceeding any probable errors of observation, and, after a
careful examination of each single observational quantity and of
each constant entering into the computations, the writer came to

the conclusion that no error of the magnitude of that in question
could have its source .anywhere but in connection with the
induction collections. The values obtained for the horizontal

force were, in British units of force—
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sample of coal Mr. Wills expected to find it to be a lignite, as cre-

taceous or tertiary brown coal does occur in these high latitudes,

and more especially as the impressions of miocene plants in the

overlying strata seems to indicate a more recent period than the

true carboniferous ; but it turns out that this is not the case, for

the coal in appearance and on analysis cannot be distinguished

from a bituminous coal of exceedingly good quality belonging to

the true carboniferous period. I\Ir. Wills, from recent infor-

mation, understands that miocene plants have been found in the

strata underlying the coal, in which case there can be little

doubt that the coal is a miocene coal, although differing greatly

from most specimens of such coals. The following is the result

of several analyses ;
—

Specific gravity

Moisture
Ash
Sulphur
Carbon
Hydrogen
Oxygen
Nitrogen

by difference .

I -29

2-38
6-21

•96

76-95

5-43

678

100 '03

On comparing these figures with the result of the analyses of a
mixture of thirteen different seams from English coal-fields, Mr.
Wills has found that the Arctic coal possesses very nearly the
same composition.

On Hederic Acid and Resin of Scammony, by C. T. Kingzett.
—In a v^aper On some Nnv Reactions in' Organic Citemistr)\ and
their ultimate bearings the author in conjunction with Dr.
Hake has described a number of instances in which bodies, for

instance camphor, gives with strong sulphuric acid and sugar a
violet-coloured product. Other bodies give this colour with
sulphuric acid witliout the addition of sugar, and by means of
these reactions the constitution of many substances may be in

a measure predicted. Hederic facid, Cj^Hj^Oi (Posset, also

Davies), a constituent of ivy leaves, gives this colour best with
sulphuric acid, and so also in a less degree does resin of
scammony. In tlie present paper the author describes the
process by which he has isolated glucose from these respective

substances, thus confirming the hypothesis given in his original

paper alluded to. Incidentally it is shown that the root of the
convolvolus scammonia contains no alkaloid, and some informa-
tion is given regarding a volatile oil obtained below 90' on
distillation of scammony resin.

Albumen of Commerce, by C. T. Kingzett and M. Zingler.—
In the patent process described by the authors, albumen solu-

tions are bleached and preserved by passing a current of air

through them in presence of oil of turpentine at a temperature of
about 40° C. Under these conditions the turpentine oxidises,

producing hydrogen-peroxide, camphoric acid, &c., the former of
which bodies efiects as it forms the bleaching of blood serum or
other albuminous solutions, while the camphoric acid, &c.,
preserves them in the liquid condition entirely free from
putrescible or other changes.

Alkaloids from Japanese Aconite, by Dr. Paul and C. T.
Kingzett.—The authors have isolated from Japanese aconite an
alkaloid of the formula CjgHjjNO^ which is crystalline, but
does not form crystallisable salts. They also show that when
the alkaloidal principle is extracted by Duquesnel's process it is

accompanied by the salt of an alkaloid, perhaps aconitate of
aconitine ; and from this it is suggested that the so-called aco-
nitine obtained and analysed by Wright and others, has never
been obtained absolutely pure, being probably a variable mixture
of the alkaloid with the above salt.

further Researches on Aconite Alkaloids, by Dr. C. R. Alder
Wright and A. P. Luff.—Aconitine, C53H43NO1J, the active
principle of Aconitum napillus is readily saponified by heating
with water acids and alkalies into benzoic acid, and a new base
termed by the authors aconinc pseudaconitine, CggH^jNOj;, the
chief active alkaloid of A. ferox, similarly gives rise to dimethyl-
froto-catcchuic acid and pseulaconine, Cj^H^jNOg. These two
decomposition products, aconine and pseudaconme, are com-
paratively inert physiologically. A number of their compounds
and derivatives have been studied and a method for the approxi-
mate analysis of the impure alkaloids met with in commerce
under the name "aconitine," has been devised, based on the
quantitative estimation of the benzoic and dimethyl proto-
<^atechuic acids formed on saponification.

On Pyrocatechin as a Derivative of Certain Varieties of Tannic

AciJ, by John Watts, D.Sc.—From the knowTi reactions of
gallotannic acid and catechutannic acid, and of their derivatives,

the author considered it probable that all the blue producing
tannins would yield pyrogallol on distillation, while the green
producing tannins, would yield pyrocatechin : on experiment
such was found to be the case. The gallotannic acids distilled

were,—valonea, oak-bark, divi, mysotolaves, sumach, and
mimosa bark ; and the mimotannic acids, rhatany, tormentil,
and hemlock bark. The yield of pyrocatechin from rhatany
was very considerable.

These results point to the conclusion that the blue- and green-
producing tannins are related to each other in the same manner
as pyrogallol and pyrocatechin. The author anticipates being
able to bring forward shortly further experiments in support of
this view.

On the Formation of the Black Oxide of Iron on Iron Surfaces
for the Pramtion of Corrosion, by Prof. Barff, M.A. (Cantab.)—
The author pointed out the cause of his many failures in his first

experiments and the failures which others had experienced in

obtaining a perfectly adherent and coherent coating of black
oxide, as arising from moisture in the steam with which the
articles operated on were oxidised. When perfectly dry steam
is used and no air admitted into the muffle, or oxidising

chamber, then in all cases a perfect protecting film is formed.
The process is exceedmgly simple : a wrought-iron muffle
containing the iron articles to be operated upon, is heated to a
dull red heat, all the openings closed, and dry steam turned in,

and the muffle kept filled with the steam during the whole
operation, which lasts from three to five hours ; the fire is then
raked out, and the articles allowed to become black in an atmo-
sphere of steam ; after this the steam is turned off, and the
muffle and its contents are allowed to cool slowlj'. The tem-
perature to which the muffle is heated varies according to the
nature of the articles operated on—from 350" to 700" C. More
recent experiments seem to show that the process may be further

simplified by using superheated steam of such a temperature that

the external application of heat to the muffle is unnecessary. A
considerable number of cast-iron, v.'rought-iron, and steel bodies
which had been coated were exhibited. Many of these had
been ou; of doors for months ; others had been kept in fresh

water or in sea-water for a similar length of time, but not the

slightest indication of further oxidation was visible. Even strong
nitric and sulphuric acids are without action on this coating of
black oxide.

SECTION C—Geology.

The Post-tertiary Fossils procuied in the late Arctic Expedi-
tion ; with Notes on some of the Recent or Living Mollusca from
the same Expedition, by J. Gwyn Jeffreys, LL.D., F.R.S.

—

The fossilsiwere collected by Capt. Feilden and Mr. Hart, the
Naturalists of the Expedition, and by Lieut. Egerton and Dr.
Moss, two of the officers of H.M.S. Alert, in very high
latitudes, viz., between 82" and 83° N. L. The furthest point

reached by the Expedition was 83° 20' 26". These fossils were
found in mud-banks or raised sea-beds at heights ranging from
the level of the sea to 600 feet above it. They consisted of
eighteen species of mollusca, one of actinozoon, one of foramini-

fera, and one of marine plants, being altogether twenty-one species,

all of which now live in the Arctic seas. The author gave a list

of the species, and showed their distribution in a recent or living

as well as fossil state ; and he added some remarks as to the

recent mollusca procured in the Expedition, and as to the

apparent abundance of marine animals in the " Palaeocrystic

Sea" of Sir George Nares. Prof. Rupert Jones, Dr. Moss, Mr.
Woodall, and Mr. De Ranee took part in the discussion which
ensued on the reading of this paper.

Sketch of the Geology of the Coast from the Rome Head to the

Bolt Tail, by W. Pengelly, F.R.S.—Mr. Pengelly expressed his

partial acceptance of Mr. Jukes' views. He believed the upper
old red sandstone to be the equivalent of the lower Devonian,
each containing Phyllolepis conccntricus, which is not found at

any other horizon. The author also called attention to the

metamorphism which has taken place in the rocks at and near
Prawle Point, for which no sufficient cause is now apparent. He
supported the suggestion of Dr. HoU and Mr. Jukes that south

of Prawle Point there may be a boss of granite now submerged,
to which the change in character of the rocks is due. As evidence

of this he spoke of a beacli, in which many granitoid pebbles

occur, but with this exception the pebbles are strictly local. He
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thought that these pebbles were probably derived from the now
submerged granite. The age of the metamorphism is clearly

pre-triassic, for the triassic strata of the district contain pebbles

of metamorphosed rock.

On the Drift 0/ Plymouth Hoe, by J. H. Collins.—The
author stated that excavations were nearly always going on in

the neighbourhood of Plymouth Hoe, and that fresh sections of

the so-called raised beaches and glacial deposits were continually

being exposed.

He had lately visited the Hoe, Mt. Batten, and Deadman's
Bay, in company with Mr. Whitley of Truro, and had found

gravels, sands, and clays lying in the hollows of the limestone,

and filling fissures and caverns. The gravels were sometimes

cemented by stalagmite into a conglomerate. The pebbles were
composed of quartz, limestone, tourmaline schist, greenstone,

blue and red grit, hard clay-slate, schorl rock, granite, elvan,

flint, chert, stalagmite, and one pebble of granite ; all of which
the author considered had been derived from the rocks of the

neighbourhood within a few miles. None of the pebbles were
in the least degree ice-scratched, and there were very few
angular fragments of any kind.

The gravels had yielded bones of rhinoceros, elephant, and
other animals of the so-called "Mammoth period." The
author discussed the evidence of local denudation, and adopted

or arrived at the following conclusions :

—

1. The deposits are not raised beaches.

2. They are not glacial.

3. They were formed rapidly,

4. Gravels, fissure deposits, and cave deposits are of the

same age.

5. That they belong to the Mammoth period.

6. There is no evidence in the immediate neighbourhood to

carry back their formation more than a few thousand years.

Notes on the Devonian Rochs near A^cwton Abbot and Torquay,

zi'ilh Iicmarks on the Subject of their Classifieation, by H. 13.

Woodward, F.G.S.—After having alluded to the imperfect state

of the information respecting the Devonian rocks, especially in

regard to local details of structure, the writer pointed out that

the succession of strata near Newton Abbott and Torquay was
(in descending order) as follows :—3. Limestone ; 2. Slates

;

I. Red Sandstones. He noted the resemblances in lithological

characters between these beds and the lower carboniferous rocks

and old red sandstone, with which they were classed fifty years

ago by De la Beche. lie likewise drew attention to their rela-

tions with the Culm measures, observing that while there were
indications of conformability to them, no positive proof to the

contrary had been established ; and the supposed instances of

unconformability were all of them, as Jukes had considered,

capable of explanation by faults and other disturbances. Atten-

tion was drawn to some striking cases of such phenomena. The
impossibility of accepting fossil evidence alone was insisted

upon, inasmuch as its value in classification could only be

gained after the stratigraphical relations of the beds had been
made out, and at present the exact horizons from which many
of the species had been collected was not determined.

Further, the theory that the Devonian rocks were the equiva-

lents in time to the old red sandstone required the existence at

this period of a great barrier between the marine deposits of

the former group and the freshwater accumulations of the latter,

and there was no physical evidence in support of this. Taking
all the facts into consideration, Mr. Woodward argued that they

were in I'avour of the classification proposed by Jukes, which
regarded the lowermost Devonian rocks as old red sandstone,

and the slates and limestones as lower carboniferous, formed in

an area which constituted a zoological province differing to some
extent from that in which these rocks were deposited further

north in the British area.

On the Drjonian System in England and Belgium, by Prof.

G. Dewalque.—Having surveyed, last year, the Devonian system

of this country, I avail myself of the meeting of the British Asso-

ciation to ofler a few remarks on the results of my survey. As
my visit was short I cannot lay claim to a minute acquaintance
with this great formation in England ; but, as well acquainted

with it in Belgium and the Rhenish provmces, I hope the

following remarks may prove of some interest to the Associa-

tion :

—

I had not time to visit South Devon. As regards North
Devon my conclusions are as follows :— i. The metamorphic
character is more prevalent there than in Belgium, especially in

the middle and the upper divisions. 2. All this series is per-

fectly continuous, from Barnstaple to Lynton. Nowhere is there

a reappearance of such identical rocks as to prove a fault, by
repetition of the series. 3. The sandstones of Baggy Point and
Marwood (Cueullaa zone) perfectly agree, both lithologically and
palKontologically, with certain portions of our " Psammites du
Condros." The red sandstones of Pickwell Down correspond
to the lower part of these Psammites. 4. The limestone of
Ilfracombe represents, as has been previously stated, on palseon-
tological evidence, the "stringocephalus limestone" (Calcaire
de diet) of Belgium and Germany ; but the lithological appear-
ance of the rock is very different. Hence it is easy to compare
this Devonian series with that of the Continent. In this respect
I differ but little from Mr. Etheridge. 5. The Devonian lime-
stone is much more abundant on the Continent than on this

side of the Channel. I think, moreover, that the same is to be
said of the carboniferous formation, that is to say, the mountain
limestone is replaced in North Devon (at least in part) by the
beds of Barnstaple and Pilton. In the slates of Pilton I found
beds and nodules of siliceous concretions, which represent, I

think, the (:/(tv/ of the carboniferous limestone, or the so-called
phthaniles of our "calcaire carboniiere."

As to the old red sandstone I spent a week in Hereford, but
saw very little of it, I could only hammer conveniently the
" cornstones," of which I had from the descriptions a very im-
perfect notion. Such limestones occur identically in Belgium,
with red shales, sandstones, and conglomerates in the northern
trough, or " bassin de Naraur." This fact seems to me of the
highest value, for it leads me to this paradoxical conclusion :

the old red sandstone of the United Kingdom is a marine for-

mation, probably formed in the same ocean as the Devonian.
The old red of Belgium lies regularly between limestones with
Stringocephalus Burtini and others with Spirifer disjunctus.

That is certainly a marine formation, and the same must be the
case with the English old red sandstone.

On the Succession ofJhe Falceozotc Deposits ofSouth Devon,
by A. Champeinowne, M.A., F.G.S.—The Great Devon
limestones, the author concludes, are, as Mr. II. B. Wood-
ward has said, the highest rocks of South Devon, and the belief

in a series of slates and red sandstones overlying them, is a
fallacy. The beds which do succeed the limestones are the
Culm measures (upper carboniferous), and from the field-work

of Messrs. Woodward and Read there is reason to believe them
perfectly conformable. In this ca'e the difference between the
Devonian and carboniferous limestones would be one of life

distribution—a geographical, and not a chronological, difference.

This would probably have been long ago recognised had the
characteristic ichlhyolytes of the old red occurred in the Staddon
beds.

Note on the Carboniferous Coast-line of N^orth Cornwall, by
S. R. Paltison, F.G.S.—The portion of coast described extends
from near Bude to Boscastle, and belongs to the formation first

identified by Prof. Sedgwick in connection with the diagnosis
made at Bideford by him and Sir R. Murchison as culm, or
lower coal measures. Bude lies in or on the centre of the
formation. The strata have a general northerly dip, and pro-
ceeding southwards down the coast of course lower beds
become exposed. The Bude beds contain thin films of culm,
with associated plant-remains in a very fragmentary condition.
Prof. Morris many years ago in a note published in the Pro-
ceedings of the Geological Society of Cornwall, identified some
of those remains as Cahunitcs, Sigillaria, and Aslerophyllites.

Prof. Hull states the number of species in the North Devon
beds, of which these are the continuation, at twenty-three, and
Mr. Townshend Hall at twenty-six. The Bude beds are continued
by foldings and succession downwards, but on arriving at St.

Gennys a system of deep-blue schistose sandstones appear and
form the base bne of the cliff along the remarkable coast landslip

which extends for two miles. From these dark-blue beds frag-

ments or nodules containing goniatitcs appear on the beach.
Then comatile-beds extend from Carne Beak to the cliffs

in the parish of St. Juliott. They are most abundant at
the St. Gennys end of the landslip. Here, at a sand-path
descending to the beach, on the beach, are huge fragments of
fallen rock containing very fine large impressions of plants,

especially sigillaria. Proceeding towards Boscastle, at the
gloomy gorge of Pentagion, the soft black shales, so charac-

teristic ol Boscastle, form the bulk of the cliffs, but below them
rises a slaty rock once quarried, and in this I found the usual

fragmentary plants of the Bude rocks. This, with the
associated soft black beds, is the farewell rock of the
carboniferous, for at the cliff, on the south side of Boscastle,

slates arise under the black shales, which at the summit contain
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traces of crinoids, and are the commencement of the Devonian
slates, continued hence to Tentagel, and well known as Devonian.

These few facts seem to verify the general conclusion arrived

at by former observers, and, when more fully investigated r.nd

the fossils identified, will help to correlate the carboniferous of

North Cornwall with the divisions now estabhshed elsewhere.

They seem at least to show that there are provinces in our local

geology still holding out temptations of further conquest to the

geological explorer.

A'otes on tite Pahron/ology of Flymoiil/i, by R. N. Woith,
F.G.S.—This paper did not enter into any controverted ques-

tions of stratigraphical geology, but simply noticed the main
features of the palaeontology of the limestone of Plymouth and
its associated rocks. The Plymouth rocks were commonly
classed as Middle Devonian, and consisted of slates, limestone,

and slates and sandstones, in order from north to south. The
northern slate rocks did not locally contain fossils ; but in the

vicinity of Saltash, &c., they did. The Plymouth limestone

formed a band nearly half a mile in width and nearly six and a

half miles in length. It originated clearly enough in a Tinging
coral reef, and in its origin and constitution was therefore essen-

tially organic. The rocks on the south of the limestone were of

a more complicated character than those on the north. Slates,

limestones, shale?, grits, ash-beds and sandstones, alternated

with each other in remarkable fashion, while faults and contor-

tions by no means solved the riddle. These rocks in part were
largely fossiliferous. In the variety of its organic remains the

Plymouth limestone was not so rich as most of the other chief

limestone districts of South Devon—Wolborough and Barton,

for example ; but those that did cccur were for the most part

abundant. The leading peculiarity was that while at the western
end of the limestone— that was to say, at the Dockyard, Mount
Wise, and at Stonehouse, in the quarry behind .St. George's
Hall, molluscs of various kinds occurred, at times in great pro-

fusion ; at the eastern end of the limestone—Cattedown,
Oreston, &c., they were comparatively rare, and over con-

siderable areas altogether absent. And in like manner, the

branching corals were found chiefly at the western end of

the limestone ; and the genuine reef builders at tlie eastern.

There did not appear to be any difficulty, however, in accounting
for this. Molluscs could only find a habitat on the exterior por-

tions of the reef, and it was evident that the eastern section of

the limestone more particularly 1 ad been subjected to a consider-

able amount of denudation, and that the outer beds had to a
large extent been removed. Bivalves and univalves were rarely

associated, but kept to distinct areas, where they sometimes
occurred in gteat abundance. The peculiar interest of the

palteontology of Plymouth consisted in the products of the

ossiferous caverns and fissures at Oreston, the Iloe, and Yealmp-
ton, including the bones of the mammoth, hippopotamus (?),

Rhinoceros tiohorhimis and hMorhiiius^ cave lion, cave hyxna,
cave bear, ancient bear, the lesser bison, long fronted ox, horse,

ass, &c., and a vertebra of the whale.

On the Geological Signifrance of the Result of the Boring at
Messrs. Menx's Brezvery, 'J'ottenham Court Road, by R. A. C.

Uodwin-Austen, F.R.S.— It is now very generally known that

this undertaking, after passing through a great thickness of
chalk, met with a very insignificant representative of the sands
which underlie the chalk in the south-east of England, and
thence passed at once into strata which, by characteristic fossils,

were identified as of upper Devortian age. This is just as had
been anticipated as to the absence of any portion of the oolitic

series there,' and confirmed what m.any years since had been
supposed to be the subterranean structure of the south of
England ; indeed, it may be fairly stated that geologists gene-
rally have been of opinion that a band of palaozoic rocks,
extending from Westphalia westwards, passel somewhere
beneath the secondary formations of the south-east of England.
The importance o( determining the course of such palrLOzoic

band was, that along the whole of the exposed part of its course,

as from its extreme eastern place to near Valenciennes, it had
dependent on it, on the north, the productive coal-measures of
Westphalia, Belgium, and the north of France. From Valen-
ciennes westwards the coal-measures are not exposed at the
surface, but are reached beneath the chalk foiniation ; but from
the underground workings at Douay, Belhune, &c., the relation

of the several members of tlie palieozoic series are known to

correspond exactly with those where the series is exposed ; as
is the case also where they aie again seen at the surface in the

* See " Report of Coal Commission," vol. i., pp. 431-432.

Boulonnais, and at sundry other valleys of elevation along the
axis of Artois.

The whole of the coal-measures of Belgium and the north of
France must be understood as occupying a trough formed out of
the older members of the great paleozoic series, and the explana-
tion given of the preservation of this extended and narrow band
of coal-growth surface is that it has resulted from a contraction
of the earth's crust in a south to north direction, at some time
subsequent to the completion of the paleozoic series (coal-

measures included), whereby along this line a series of east and
west undulations were produced, in the deepest or most con-
siderable of which, portions of the coal-growth surfaces became
included so as to be preserved during the subsequent periods of
denudation and removal.

From the consideration of the physical features of a line of
country of elevation and disturbance, which crosses the European
continental area for 300 leagues, it was inferred that like results

were due to like causes here ; the line of under-run of the
palaeozoic strata was conjecturally carried along by where it has
just been met with ; so it may reasonably be supposed that

certain other phenomena which in like manner have resulted

from the same disturbances should also correspond, and serve

for guidance.

For the present it has not been ascertained in what direction

the highly-inclined Devonian strata at Tottenham Court Road
were dipping, a most important point in the considerations

involved. It may safely be supposed that from their position
any palaeozoic rocks at such place must be trending east and west.

The occurrence may seem to be an isolated fact, but there are
other inferences which tend to give it importance.
The 653 feet of chalk strata were horizontal, or with only a

very slight north dip. The Devonian strata gone through dipped
uniformly at an angle of 30^ The section therefore corresponds
exactly with those of the north of France.

In Belgium, and the north of France, it is on the south side of

the palxozoic trough that the high inclines occur, as happens
along the whole line from Liege to Trelon. On the north the

beds are flatter and spread out wider. From this it may be
supposed that it was the north side of the trough which was hit

upon at Messrs. Meux's, and that it is a trough at this place

follows necessarily from the circumstance that the beds so highly

inclined were as low as the Devonian.
Bearing in mind that the^whole of this part of Europe we are

now considering formed part of the area over which the Devonian
or lower carboniferous series preceded or was overlaid by the

upper or true carboniferous formations, and that where one occurs

the other follows everywhere, the fact of the inclination of the

beds at Tottenham Court Road involves this, that the higher

portions must soon follow—the mountain limestone on the Devo-
nian, and the coal-measures on the mountain limestone.

This reasoning applies equally whether the Devonian strata at

Tottenham Court Road may be dipping north or south, but thus

much has been ascertained, that London just overlies the edge of

a great coal-field, and the probability is that the coal-field lies

to the north.

What seems to suggest that the coal in this direction may have
considerable extension is derived partly from a study of the

geological features of our own isl.ind, and partly from what is

the case in Belgium. It is dependent on what was the original

form and extent of the coal-growth surface, and on the places at

which the greatest amount of contraction and subsequent denu-

dation of the surface took place.

Mr. Whitaker described the deep borings arounl London, and
gave an account of the strata traversed by them. He suggested

that some of them should be continued deeper, and thought that

in place of a "Sussex boring" or a "Kentish boring" they

ought to have a general scheme for investigating the range of

the palxozoic rocks. Mr. Lebour suggested that under London
(as often occurs in Belgium) the rocks might possibly be inverted

or reversed by oblique faults, so that Devonian rocks under
certain circumstances might overlie the coal-measures. Mr.
Topley, in reply, defended the past action of the Sub-Wealden
Committee.
On a Akiu Method for Studying the Optical Characters oj

Minerals, by H. C. Sorby, F.R.S.—The author first described

the principles on which this method depended, and showed that

the great difference between the appearance seen with the naked
eye and the microscope is due to the object-glass being able to

collect divergent rays. In looking with a low magnifying power
at a small circular hole seen through a section of a crystal, very

different phenomena present themselves, according to its optical
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characters. If it has no double refraction, only one well-defined

circular hole can be seen. If the mineral possess double refrac-

tion and only one optic axis, like calcite, two images of the hole

are seen. If the section be cut perpendicular to the axis,

two circular holes are seen directly superimposed, but at two
different foci. If the section be in the plane of cleavage, two
widely-divided images are visible, the one due to the ordinary

ray being circular, and the other, due to the extraordinary ray

being distorted and drawn out in two opposite planes at two
different foci. When the section is cut paiallel to the axis, this

image due to the extraordinary ray is still more elongated, but

the images are directly superimposed. We thus at once learn

that the mineral has double refraction, has an optic axis, and also

what is the direction in which the section is cut. In the case of

crystals like Arragonite, which have two optic axes, there is no
ordinary ray, and at the focal points we see the circular hole

drawn out in opposite planes into crosses. The character of these

crosses depends upon the direction of the section, but the fact

of the crosses beuig seen at once proves that the mineral has two
optic axes. Some facts are better observed if, instead of a cir-

cular hole, we examine through the crystalline plate a grating

with two systems of lines at right angles to one another. We
then obtain what the author calls unifocal or bifocal images,

according to the systems of crystallisation. Crystals without

doxible refraction have only one unifocal image ; crystals having
one optic axis have one unifocal and one bifocal image ; whereas
crystals having two optic axes give two bifocal images. The
definition of unifocal images is independent of the position of

the lines, whereas in the case of bifocal images the lines are

distinctly visible only when they are parallel or perpendicular to

a particular axis of the crystal, and, spread out, become obscure
and disappear when rotated to a different azimuth.

The above-named general characters difler so much in dif-

ferent minerals, that they furnish a most valuable means for their

identification.

On the '

' Great Flat Lode " South of Redruth and Camborne,
by C. Le Neve Foster, B. A,, D. Sc.—In this paper the author
described an important tin lode which is wrought in various

places for a distance of three and a half miles. In some places

it occurs, for instance at Wheal Uny, at the junction of the

clayslate (killas) and granite, but in other mines it lies entirely

in granite.

Its characteristics are :

—

1. A /((!i!tr of true fissure vein, ''generally only a few inches

wide, and filled with clay, fragments of the inclosing recks, and
tin or copper ores, dipping 30° to 50° S., and striking from 20°

to 45° N. or E. (true).

2. The lode, from four to fifteen feet wide, on one or both sides

of the leader, consisting mainly of schorl-rock, containing gr.\ins

and veins of tin ore. It yields from i to 3 per cent, tin ore.

3. A capel, or non-stanniferous or slightly stanniferous

schorl-rock, separating the lode from the killas or granite.

4. Absence of any loall or plane of separation between the

lode and capel, or between the capel and granite. The author
said that all the appearances pointed to the fact that the lode

and capel are merely altered granite. In confirmation of this vew
he explained that he had found cavities in the lode resembling
felspar crj'stals in shape, and probably left by its removal

;

furthermore the microscopic examination of the capel shows
apparently pseudomorphs of quartz after felspar.

If it is admitted that the mass of the " Great Flat Lode " and
its capels are altered rocks once containing felspar, we are driven

to conclude that lliat rock must once have been granite, because
of the gradual passage of the capel into gianiie. Supposing
this view to be correct, we must adopt a similar explanation

in the case of many of the important tin lodes in Cornwall.
The author ventured the opinion that half the tin ore obtained

in Cornwall is now derived from altered granite.

On some Tin Mines in the Parish of IVcndron, Corinualt, by
C. Le Neve Foster, B.A., D.Sc.—The author described the tin

deposits of the following mines :—Balmynheer,the Lovell, and
South Wendron. The author supposes that the tinny rock is an
altered granite, and he brings forward in support of his argument
the fact that pseudomorphs of quartz and of gilbertite after ortho-

clase, are found in the stuff from the Lovell, and that there is a
gradual passage from the tin rock into granite.

On some of the Stockworks oj Cormuall, by C. Le Neve
Foster, B.A., D.Sc— The author divided the tin stockworks into

three classes according as they occur in killas granite or elvan,

and then described the mode of occurrence of tin ore at|some of

the most important.

The Carboniferous Limestone and Millstone Grit in the Country
around Llangollen, by G. H. Morton.—The author described
the carboniferous limestone exposed in the Eglwyseg ridge near
Llangollen, North Wales. He stated that the finest section is

exposed at the Ty-nant ravine on the bed of Cefn-y Fedw, and
that the country around must be considered as the typical area
of the lower carboniferous series of North Wales. The millstone
grit or Cefn-y-Fedw sandstone, which reposes on the limestone
in the same district, was also described. The following tabula-
tion explains the succession and thickness of the entire series :

Tabular Vieio of the Carboniferous Limestone and Cefn-y-Fidw
Sandstone in the Country around Llangollen.

Aqueduct grit or upper
sandstone and conglo-
merate

Upper shale

Dee Bridge sandstone ...

Cefn-y-Fedw
(
Lower shale with fire-clay

sandstone. and bands of limestone.

i

Middle sandstone

j
Cherty shale

Lower sandstone and con-

i

glomerate
Sandy limestone

Carboniferous

'limestone.

Upper grey limestone

„ white ,,

Lower ,,

,,^ broBn

feet.

I

Upper Cefn-
y-Fedw, Dee

70 . Bridge, or

30 millstone grit

30 J series.

480
I

1923

Middle and
lower Cefn-y-

Fedw or

Yoredale
series.

Upper car-

boniferous

limestone.

Upper old red sandstone 300

The following table shows the gradual attenuation of the
carboniferous limestone towards the south-east.

Attenuation of the Carboniferous Limestone.

c. K.I- :- , T . .. * Tan-y- Trevor Bron- i^Subdivision. ly-nane.
^.^^^^^^ ^^^^^ ^^^.^^^

Fron.

Upper grey limestone| 300 300 250 65' 8S'

,, white ,, 300 250 140 99 27-
Loner ,, ,, 120 115 117 104 ,,

,, brown ,, 4S0 360 100^ 26-^
,,

I2C0 1025 607 295 115

This section shows how the limestone diminishes in thickness
with the rise of the Wenlock shale towards the south-east.

Between the Ty-nant ravine and Tan-y-Castell it has thinned out
200 feet, and at Fron-y-Cysyllte, four miles from the former
place, the attenuation is not less than 900 feet.

The list of fossils collected by the author contained seventy-
seven species. Of these fifty-eight occur in the upper grey lime-

stone and only eighteen in the lower brown limestone. If the
carboniferous limestone is simply divided into upper and lower
limestone, thirty-eight species are peculiar to the two upper sub-
divisions and nineteen to the two lower subdivisions—twenty
species being comr ion to both. However, the species are by no
means confined to the subdivisions in which they -ire found near
Llangollen, for they occur at different horizons in other districts.

On the Occurrence of Branchipus or Chirocephalus in a Fossil

State in the Upper Fart of the Flitvio-Marine Series (Middle
Eocene), at Gurnet and Thorness Bays, near Cowes, Isle of IVight,

by Henry Woodward, F. R.S.—Mr. Woodward referred to the

great interest surrounding the geology of the Isle of Wight from
the labours of Ibbetson, Forbes, Mantell, Prestwich, Bristow,

and many others, and the rich fauna contained in its strata,

much of which still remains to be described, although the strati-

graphical geology has been well worked out by the oflicers of
the Geological Survey. Mr. Woodward called attention to a

thin band of freshwater limestone occurring [at the base of the

clilf, belonging to the Bembridge series, from two to twelve

inches thick, which at places is full of remains of plants and
insects. Dytiscus, Curctclio, Formica, &c, , and what is most
remarkable, the diaphanous bodies of a small phyllopod crusta-

cean, without a hard shelly covering. This little crustacean*is

closely related to the " Brine-shrimp " (Artemia salina), so

^ Upper portions been denuded.
- Reposes on the Wenlock shale.

3 Base not ascertained with certainty. i
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abundant in the brine-pans at Lymington at the present day.

Branchifnis, or Chirocephalus, is a freshwater crustacean found
living in ponds in Devonshire and Kent. Its preservation is due
to the admirable nature of the fine argillaceo-calcareous rock,

in which it lias been entombed in such numbers, the delicate

outline of its gill-feet being stained with iron, so as to be as well
shown as in a pliotograph.

SECTION G.-MECitANic.\L Science.

On Compouml TniUncs, by Prof. Reynolds.—The combina-
tion of centrifugal pumps not having hitherto produced the
anticipated result':, the author had endeavoured to discover the

cause of the apparent anomaly, being satisfied that tlieoretically

the increase in the number of pumps should produce a propor-
tionate increase in the quantity of water raised. Propeily con-
necting his pumps, the result was as theory had justified him in

expecting ; and the reason why others had failed to attain the
same end was that the supply of water had not been adequate,
and air had got in instead of water.

On the Diffin-nce of the Steering; of Steamers with the Screw
reversed -ohen under Full Way, and when Moving Slozt<ly, by
Prof. Osborne Reynolds.—Referring to the Report on this sub-
ject the author 5 aid the fact that the results which had been
established by the Committee were so little known to pilots and
seamen, besides being likely to excite surprise, would tend to

cast a certain amount of discredit, if not on the truth of the
results themselves, at least on their importance. It seemed as
if nautical men must have formed their opinions from experience,
and such was the faith of the English people in the practical
that it was very difficult indeed for them to believe that a few
landsmen, calling themselves scientific, could teach sailors how
to steer ships. .So strong was this feeling that it was to col-

lisions they must look in the hope of preventing collision?. This
sounded like a bull, but it was perfectly true, for nothing but
disasters would awake our rulers to the idea that something was
wrong. Fortunately, or unfortunately, such disasters were not
wanting. There were the cases of the Ville du Havre and the
Locli Earn, in which the collisions were undoubtedly due to the
steamers having turned in the opposite direction to that intended.
These and other disasters furnish evidence enough of the mistakes
which had been perpetrated, and of the importance as well as
the truth of the results the Committee had established. He
fancied that the ignorance which existed was due to the fact that
few seaa^en had turned a ship under full way with the screw
reversed, and contented themselves by arguing as to what must
happen in such a case from their experience in manceuvring their
ships when moving slowly. Of such manoeuvres they had had
abundance, but as soon as they got beyond their experience, they
adopted the seemingly obvious, but entirely erroneous opinion
that the way of the ship would cause the rudder to act as if she
was going ahead in spite of the screw being reversed. He felt

Jtrongly that in speaking thus in a town like Plymouth he ran
the risk of being looked upon as impertinent. If he were wrong
he was impertinent, and no one would feel it more than he
should. It was not a pleasant task to point out imperfections,
however accidental they might be. Even if one saw the wheel
coming off an omnibus, all the thanks he was likely to get for
pointing it out to the conductor was to be asked if he could not
tell him something he didn't know. Of course they must learn
as they went on, and all he, with deference, asked of seamen
was to try the experiments for themselves, and then aid the
Committee in bringing facts under the notice of the Legislature.
Their own interests demanded this, for as tilings now were great
injustice might be done to the captain who in a case of emergency
adopted the very best course to save his ship.

Mr. William Froude thought the question which Prof. Reynolds
had so ably dealt with of immense importance, and deserving
minute consideration. Having himself had some experience of
small steam launches, he had been surprised at the effect pro-
duced by the working of the screw, so that he concurred with
the conclusion at which Prof. Reynolds individually, and the
Committee collectively, had arrived. If sailors would occasion-
ally listen to the advice of outsiders, it would do them no harm.
Ignorance as to the effect of reversing the screw upon the way
of a ship would often lead a captain info danger which might be
avoided.

Sir William Thomson urged that the Committee should be
reappointed, so that the Admiralty might have another oppor-
tunity of confirming or refuting the conclusions. This was

undoubtedly nothing less than a national question, for the con-
flict now going on between Russia and Turkey proved that skill
in manceuvring was of vital importance in torpedo warfare. In
olden times the glory of Engl.ind was maintained by the facility

with which her ships were manreuvred, our navy being a match
against the navies of all the world in this respect, and he hoped
nothing would occur to destroy that pre-eminence.

• On the Resistanee of Ships, by Mr. William Froude, F.R.S.—
The object of the paperjwas to show the effect produced on the
resistance to a ship's motion by the lengthening or shortening of
the Hat middle body between the bow and stern. The results
were based upon experiments made at Chelston Cross with
models h.iving the same ends, but different lengths of parallel
holy inserted amidships. By separating the effect of the fric-

tional skin resistance, which w.is proportional to the wetted
snrface, he proved that the increase or diminution of the power
required to propel a ship, in consequence of the alteration of the
length of the parallel body, depended very largely on the coin-
cidence, or want of coincidence, of the wave crests travelling
alongside the ship with the points at which the reduction of
breadth by the fine lines began. When this diminution coincided
with a wave crest there was no loss, but rather a gain of speed

;

while when it coincided with a wave hollow the loss of speed, or
increase of resistance, was considerable.

The Elevated Railway of^New }'<;;/;•, by Capt. Douglas Galton.
—The first portion of this railroad was completed for steam-
traction at the beginning of 1S72, and was originally constructed
for a rope railway, which did not prove successful. This section
consisted of single " Phcenix " columns, nine inches in diameter,
spaced from 26 to 30^ feet apart along the .axis of the roadway,
and carrying two pairs of rolled deck or " I " beams of shallow
depth, one pair under each rail. This structure w.as origin.ally

deficient both in vertical and lateral stiffness. The deflections

of the girders were too great, .and the oscillations of the columns
too large. In the nextalterationthe columns consisted of clusters of
round solid wrought iron bears, four and a quarter inches diameter,
grouped by two and by four, braced together so as to form a
single support, and carrying rolled channel bearers, two under
each rail. The bars were bent so as to branch like a V at the
top, the columns composed of two bars forming a bracketed
support under the beams, and those composed of four bars giving
longitudinal stability to the structure. Although imperfect and
needlessly expensive, this style of column might be considered
the parent of all subsequent improvements, and to have furnished
a valuable hint for future designs. The line was single with
sidings to allow trains to pass. Its length, including the sidings,

was l\ miles, but it was now proposed to double the line

throughout and extend it. The atmospheric brake, which was
in use upon aU trains on the line, placed them entirely under the

control of the engineman, and was so effective that a train

moving at a maximum speed could be brought to a full stop in a

distance barely exceeding its length. The cost of this elevated

railway for a double line was estimated at about 55,600/. It

was simple in construction, and did not much interfere with
street traffic in erection ; it was very economical as compared
with underground railways ; it was pleasant to travel on ; and it

was comparatively free from risks of accident from collision ; it

was easy of access ; the form of locomotive adopted was free

from objection, as it was comparatively noiseless and did not

appear to frighten horses when passing above them, and on the

whole was more free from objection than any other form of road
for rapid transit in towns.

Mr. G. Stephenson followed with a similar paper On a Naa
Safety Suspe)ision Trannmy or Light Railway.

'Jhe Iniportaneeof giving a Distinctive Character to the N'ecJles

Light, by Sir Wm. Thomson, F. R.S.—He urged the necessity

of giving a distinctive character to different classes of lighthouses,

referring more particularly to the Needles light. He contendeil

that the period of no revolving light ought to be more than half

a minute, and stated that the three minutes revolving lights on
the Irish coast had been done away with, and periods of a

minute and half a minute substituted. To every fixed light a

distinctive character should he given. Nine- tenths of our light-

houses had fixed lights, which had the advantage of being
continuously visible, but lost the advantage of the great

intensity of the revolving light. The distinctive character which
he suggested should be given to the Needles and similar light-

houses was similar to the signals invented by Capt. Colomb, but

instead of short and long flashes, he proposed to substitute short

and long eclipses.
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Sir Wm. Thomson read a paper On an Impycveii lilethod of
Recordins; the Dep'h in Flyitu; Soundings, by substituting

C/iromati of Silver laid on by Albumen in.iead 0/ Green Vitrio!

Solution.

On the Eddystone Lighthouse, by J. N. Douglas.—He stated

that the rock upon which this lighthouse was built had
been so undermined by tlie sea that it had been determined to

I uild another of larger ditrensions at a distance of 120 feet from
the present structure. He expressed a hope, however, that if

Smer. ton's wonderful handiwork were taken down, it would be
considered woithy of another site on English soil.

On Remit Ex/erimrnls in Telephones, by Prof. Graham Bell,

of Boston.—He stated at the outset that after the lecture

delivered by >rr. Preece it would be scarcely necessary for him
to put before them a description of the ccnslruction and the
operation of the telephone in its present form, but he thought it

would be intt resting if he took up the sub;ect in another light,

and showed them the evolution of the telephone, and described
to them ihe process by which the instrument had been brought
up to its present state. Having alluded to the fact that it was
now some years since his attention was first directed to the
form of the vibrations of the air during the production of speech,
and having pointed out that he was not aware how the idea of

using electricity as a means of conveying these vibrations from
one place to another suggested itself to him, Mr. Bell gave an
interesting account of the time and labour which he, assisted by
Dr. Clarence, J. Blake, Prof. Pearcc, and other friends on the

other side of the Atlantic, had devoted in endeavouring to dis-

cover some means by which the sound of the human voice could
be successfully conveyed to whatever place was desired. He
gradually traced the progress of these researches, and enumerated
the different forms of instruments which had been invented for

the purpose of accomplishing the object desired, several of which
instiuments he exhibited, at the same time explaining th.it expe-
riments were still being made in Boston with a view to fuuher
improvements in, and in the further development of, the telephone.
He confessed that he did not yet know which was the best form
of instrument that could be used, reminded his audience that he
did not bring the invention before them as a perfected one, that
it was still in embryo, but expressed a hope that at the next
meeting of the British Association he might have the opportunity
of producing before them still more perfect forms of the instru-

ment. Prof. BtU then announced that he had brought with
him his telephonic organ, and that he should presently attempt
to produce a little "bad" music for the benefit of the Asso-
ciation. This organ, he explained, resembled a harmonium or
parlour organ. The reeds were all connected with a battery, and
in front of^ each reed there was a little screw with a platinum
point. When the instrument was blown the reeds vibrated
against the screws, which were all connected with a telegraph
wire, which had been brought into that room, and contact being
made, the music was thus conveyed. Pie also explained that the
organ was in the Guildhall, and that telegraphic communication
had been made between that building and the Post-office, and
between the latter place and the room in which they were then
.assembled. Exfetiments with the instrument were then pro-
ceeded with, the telegraph wire being attached by Mr. Preece to

a telephone with a powerful battery and with a somewhat capa-
cious "mouth." Harris, Mr. Preece's assistant, who was
stationed at the Post-ofhce, was then communicated with by that
gentleman, and told to request the organist to " strike up," and
almoslimmediately the audience were astounded by hearing with
perfect distinctness the well-known air, " God save the Queen."
The organist was then ordered, through Harris, to play " some-
thing with chords," and again the sounds of music were clearly

heard, although this time the tune could not be recognised.
Another instrument without a battery, was then connected with
the wire, but as Mr. Bell had prophesied, the sounds of music
conveyed to the audience by means of this instrument were very
faint, being audible only to those at the top of the room. The
first instrument was now again used, Harris being requested by
the professor to sing as loudly as possible. In a second or
two the favourite song " Auld Lang Syne " was heard with
remarkable clearness, although many of the notes were somewhat
"shaky." Harris next read a newspaper paragraph, and
although the sound of his voice was distinctly heard, no one was
able to ascertain the subject of what he was reading. Prof. Bell
explained the reason of this, and informed the audience that the
louder the voice was at the transmitting end the more indistinctly
it was heard at the other end.

THE FRENCH ASSOCIA TION AT HA VRE
"T*HE French Association commenced its Session this year at

Havre on August 23. M. Broca, the well-known anthro-
pologist, is president this year, and after a few remarks on the
rapid and steady progress of the Association, he announced as
the subject of his presidential address, "The Fossil Human
Races of Western Europe."
M. Broca spoke of the antiquity of historical nations, showing

that it has been very much exaggerated, mainly by the nations
themselves, and that even in the case of Egypt the historical

epoch cannot be pushed back beyond 6,000 or 7,000 years. M.
Broca then showed that up to a very late period man's advent on
the earth was universally accepted as very recent, long posterior
to the last geological phenomena which have modified the con-
ditions of 11*6 and produced charges in cUmate, and with these
in the flora and fauna. The president then gave a brief sketch
of the change of opinion which has taken place during the past
th'riy or forty years, on the question of the antiquity of m.in ;

pointed out with what incredulity the accounts of the first finds

of human remains under conditions showing their antiquity were
received, and that it was only after long years of labour, 1840 to

1S5S, that Boucher de Perthes at last managed to obtain a
serious hearing for the arguuient in favour of the genuineness of
his discoveries and of the antiquity of man. The English pale-
ontologist, Falconer, went to Abbeville, in 1S5S, in order to

examine at on:e the beds explored by Peithes, and the rich

collection of cut-flints and bones which had been exhumed.
M. Broca re'ers also to the early work in the same direction

of Prestwich, Evans, Flower, and I.yell, stimulated by
whose example, French men of science at last came for-

ward in earnest to examine for themselves. The French
Anthropological Society took the matter up, and the prudent
and straightforward Isidore Geoffroy .St. Hilaire at last declared
that the last objections to the antiquity of man had vanished.

Fossil man had proved his right to be received on the platform

of positive science. The year 1S59, which saw the doctrine of

the antiquity of man make its way into science with irresistible

force, was the beginning of one of the most fruitful of eras.

New and boundless horizons were opened to the view of men of

science ; over all Europe geologists, arch.-eologists, anthropolo-

gists, set themselves to work wiih astonishing activity. Only
eighteen years have passed since then, and never, perhaps, in

any past time, have we seen so rich a harvest.

Boucher de Perthes raised only a corner of the veil which
conceals early humanity. He proved that man lived during all

the quateinary epoch, that he was the contemporary of the

reindeer and other animals which have since migrated, of the

mammoth, and other extinct animals. But was this all ? and Is

humanity not older still ? This latter question, still more grave

than the former, was soon asked ; more grave, for the duration

of each of the three periods of the tertiary epoch was incom-

par.ibly longer than the quaternary epoch. But M. Broca did

not intend to discuss the researches concerning tertiary man ;
the

discoveries made by M. Desnoyers at St. Prest, near Chartres,

and by Prof. Capellini in several tertiary beds of Tuscany, tend

to establish the existence of man during the pliocene period ;

those of the Abbe Bourgeois in the commune of Thenay {Loir-

et-Cher) carry back even to the miocene, i.e., to the middle-

tertiary, the existence of an intelligent being who knew how
to cut flint, and who could be nothing else than man. But these

facts, although collected by thoroughly competent observers, and

although accepted after keen discussion by many eminent sovanis,

are not yet sufficiently numerous nor incontestable to constitute

a definitive proof. Tertiary man is not yet on the platform of

science ; he holds the place occupied by quateiniry man twenty

ye.irs ago. Will it be given to another Boucher de Perthes to

demonstrate with irresistible evidence the existence of tertiary

man ? That is the secret of the future.

After referring to the vast amount of evidence for quaternary

man obtained both in the Old and Nsw World, M. Broca said

that he is better known now than many peoples mentioned in

history. We know enough to establish with certainty the multi-

plicity and the great diversity of quaternary races, and although

the regions hitherto explored include only Western and a part

of Central Europe, we can now, on this little comer of the globe,

recognise and distinguish at least three fossil human races con-

nected with two essentially different types. The two types are

the dolichocephalic and the brachycephalic—the long-heads and

the short or round-heads. Between these are the niesatocephahc.
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By dividing the one diameter of the liead by the other we obtaia

what is known as the cephalic index. The dolichocephalic arj

those whose cephalic index is less than \ or 777 to 100 ; the

brachycephalic are those whose index is greater than the fractioi

I or 80 to 100 ; the index of the mesatocephalic is between the

two. But the variations of the cephalic index are so extended

that it appears useful to distinguish two degrees in the dolicho-

cephalic type ; the dolichocephalic properly so called .are those

whose index descends below 75 to 100, the index of the sub-

dolichocephalic being above that limit. -So among the brachy-

cephalic, we distinguish tliese properly so called from the sub-

brachycephalic, according as the index is above or below the

fraction \ or 83 "3 to 100. fn consequence of many mixtures of

races which have been produced before or during the historic

period, these diverse cranial forms exist to-day with a varying

degree of frequency among all the populations of Europe. We
may conclude with certainty that the peoples of Europe are the

issue of several races characterised by very different cranial forms.

After referring to the simple theory of Retzius, M. Broca said

that the diversity of the races of Europe does not date from the

almost recent era of the .\siatic invasions ; it does not date from

that long period of polished stone which preceded the introduc-

tion of metals, and which succeeded the age of the reindeer ; it

goes back to quaternary times. More, the dolichocephalic type,

far from being the latest comer among us, is the most ancient of

all ; the migrations and l!ie mixture of races, far from develop-

ing it, have only attenuated it ; and these brachycephalics, wlio

were formerly considered an autochthonous race, conquered and
dispossessed by stronger and more civilised races, have l>cen, on
the contrary, foreign invaders, whose slow and progressive immi-
gration modified in a manner as profound as durable the

ethnology of Western Europe. They only appeared in the later

times of the quaternary epoch. Before them two other races of

dolichocephalic type had successively occupied the ground. M.
Broca then proceeded to describe the chief distinctive charac-

teristics of these three races, discovered by science after so many
ages of oblivion. Names have been given to these three races

alter the places where their remains have been found, viz.,

Canstadt, Cromagnon, and Furfooz.

The race of Canstadt is the oldest. Its remains were ex-

humed so long ago as 170D by Duke Eberhard, of Wiirtemberg,

at Canstadt, near Stuttgard. These remains were found in the

Wiirtemberg collections only in 1S35 by Fred. Joeger, who
recognised their importance. But the Canstadt cranium has not

been universally accepted as genuine. Six or seven other

incomplete crania, some fragments of jaws and long bones, are

all that have hitherto been found cf the Canstadt race. To
these belong the Neanderthal skull and the lower jaw, found

by M. Dupont in 1S65 in the Naulette Cavern, in the valley of

the Lesse, Belgium. The jaw has some very peculiar charac-

teristics, and the Neanderthal skull recalls the form of that of the

anthropoid apes. The Canstadt race seems to have been robust,

of short stature, probably not exceeding from i '68 m. to i 70 m.
The crania, though incomplete, show th.it the Canstadt race

was " dolicho|)latycephalic," i.e , long-headed, but with the top

of the head much flattened. The marked dolichocephaly of the

Canstadt race is to be found now only among the Australian
and the Esquimaux. The platycephaly was due greatly to the
obliquity ot the forehead, which rapidly retreated. Although
the occipital region was also prominent, yet the cranial capacity
was small, and appears to have been smaller than that of the
Hottentots and Australians. Other characteristics of inferiority

were the prominence of the incisors, the great size of the jaws,

the total absence of chin, and the total absence of the alveolar

arch. If the skull Ibund in the Forbes Quarry at Gibraltar be
of the Canstadt type, as M. Broca is inclined to think, it shows
still more marked characteristics of inferiority. The Canstadt
race, he concludes, was certainly very sav.ige, more savage than
any existing race ; its instruments were of the rudest kind, and it

had to carry on a painful struggle for existence with the powerful
mammils that then disputed the ground with them. Nevertheless
its geographical extension was very great ; it is found at Brux, in

Bohemia ; at Canstadt, in Wiirtemberg ; at Neanderthal, in

the Rbme provinces ; Naulette, in Belgium ; Eguisheim, in

Alsace, at Paris, Arcy-sur-Cure, in Yonne, Mount Denise, in

Haute-Loire, Olmo near Arezzo, Tuscany, and probably at

Gibraltar. In Central and Western Europe then it maintained
its place from the beginning to the middle of the quaternary
epoch, when appeared another stronger and more perfect race
which took the place of the former only probably after having
nearly exterminated it.

This second fossil race was that of Cromagnon. It tikes its

name from a cive discovered in 1868, near the village of Eyzies,

in the valley of the Vezere, Dordo^ne. This race, now repre-

sented by a score of crania, some almost complete s'teletons, and
a large nijmber of bones, is comparatively well known. Though
dolichocephalic like the Canstadt race, it otherwise differs com-
pletely from it. Its mean height was 17S m., and one skeleton

measures 185. Its crania was equal if not superior to that of

modern Parisians; forehead straight and high ; vertical diameter

well devehiped, and the cranial arch elevated ; chin pronounced,
and lower incisors vertical. The type as a whole approaches

the Caucasim, though the upper incisors project somewhat, and
the cheek-bones are high. The Cromagnon race is also charac-

terise! by its peculiar bones, its elastic-like femur, its platycnemic

tibia, its channelled fibula, its arched cubitus ; these characteristics,

found now only in scattered individuals and much subdued, are

normil to the Cromagnon race, and distinguish it from all

modern races. With regard to the great capacity of the Cro-

magnon skull it should be remembered that among theai the

weak in intellect as in body would not survive as they do with

us ; still it shows a highly intellectual race, as is evidenced

besides by the highly finished remains of their work which have

been found. This race did not extend so far east as that of

Canstadt. It has been found in Italy and probably in Britain
;

but it occupied especially France and Belguim. Its chronology

coincides almost with the second half of the quaternary epoch,

the age of the reindeer being that of its greatest prosperity. Its

decline came with the departure of that animal. Still the race

survived in some parts, and mixed with new races, and they

have left behind them a lasting anthropological characteristic ;

even now their peculiarities occasionally appear in obedience to

the Uw of atavism.

The Cromagnon race takes us down to the neolithic period ;

the Furfooz race leads us bick to the reindeer. The latter race

was discovered in lS56 and 1867, by M. Dupont, in several

caverns on the right bank of the Lesse, near the village of FurfoDz,

Belgium. Crania, bones, and cave-dwellings have furnished

materials for its study. The height of the Furfooz race was only

I 53m. to I •62m., and descends even to the level of the Lapps.

The bones are exactly similar to our own. Its only peculiarity

was the elbow qoerforation of the humerus, which, however, can-

not be regarded as any mark of inferiority. With this race

appears for the first time a rounded cranial type, which is not

yet true brachycephaly, but which announces the arrival of the

brachycephalics. The cranium as a whole is small, especially in

its anterior parts ; the forehead is narrow, low, and retreating,

the vault little elevated, thus placing the race below that of

Cromagnon, and nearer that of Canstadt. The face is smiUer
than the Cromagnon one, cheek-bones less prominent, the orbits

narrower and higher, the nasal opening less extended compared

to its breadth, the lower jaws smaller and thinner. The Furfooz

race arrived in Belgium only at the end of the reindeer age.

They lived in caverns and by the chase, but were inferior to the

Cromagnons, their art and their weapons and implements being

of a much ruder tyjie. But they manufactured pottery, which

is not found .among the remains of the Cromagnon race,

and which would indicate a date a little before the epoch of

polished stone. This race was mesatocephalic or subdolicho-

cephalic, and while they lived in Belgium, the true brachy-

cephalics, with indices of eighty-three, eighty-five, and beyond,

entered France by the eastern frontier. Their remains have

been found at Solutre, in the Maconnais. The discovery m.ide

in the loess at Nagy-Safi, neir Gran, in Hungary, proves that

the true brachycephalics lived on the Danube at the height of

the quaternary epoch. Their immigration, however, belongs to

subsequent geological periods belonging to the present geological

epoch, and therefore not entering into M. Broca's subject ; they

may possibly have been modifications of the Furfooz race, by
crossing and otherwise.

It is the problem of anthropologists to unravel these different

elements as they appear in modern European races ; and alto-

gether we have no reason to be ashamed of our remote ancestors.

The Mayor of Havre followed M. Broca with a few warm
words of welcome, when M. Deherain, the general secretary,

gave a sketch of the work of the Association in 1S76. M. G.

Masson, the treasurer, made a statement as to the funds of the

Association. For the past year its income has been 48, 764 francs,

and its expenditure 44,181 francs, of which 6,361 francs were

given as grants for research. The capital of the Association at

the end of 1S76 was 210,307 francs.

The bad weather, our correspondent wiites, has told upon the
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success of the various excursions organised. The uncertainty of

public affairs, moreover, has caused the French papers to give

the most meagre reports of the proceedings ; indeed only the

titles of a number of communications are given without any
attempt at a report.

On Friday tA. Fremy was elected president for 187S by a full

house, and almost unanimously. The place of the next meeting
will be Paris in all probability. Consequently an opportunity
will be afforded to influential members of the French Institute

to give a new impulse to the organisation of the French Associa-
tion, and to remodel it more fully according to the pattern of its

English sister.

A number of members of the British Association arrived at

Havre at the beginning of the session, including Dr. Iluggins,

Prof. Sylvester, Messrs. Glaisher, sen. and jun. It has been
regretted that no formal delegation from France was sent to

Plymouth, as contemplated, and that no direct request was sent

to Mr. Bell to bring over his wonderful telephone.

A committee was appointed at Clermont-Ferrand to report on
the position of French meteorology. A report was drawn up
pointing out tlie necessity of memorialising the French Govern-
ment to establish a special meteorological nistitute. The report

was not adopted by the Meteorological Seclion, and a new
report will be drawn up, and was to be proposed on Monday.
But the discussion will offer little interest, o.ving to the absence
of the leading French meteorologists.

The mathematical and astronomical section has been well
attended under the presidency of Professors Catalon (Liege Uni-
versity) and .Sylvester, the former being acting president and the
second honorary.

The Geological Society of Normandy has organised an exhi-
bition of local geology in the old Palais de Justice, which may
be considered as a model of care, order, and completeness. A
number of large oil pictures have been executed to show the
different stages of the evolution of life before the appearance of
man on earth, from the age of coal-measures.
M. Gabriel de Mortillet, general secretary to the section of

anthropology of the International Exhibition, has delivered a
lecture on the organisation of that section. The Trocadero
Palace will be devoted entirely to " Ilistoire de I'llomme."
One of the aisles will be devoted to the ethnography of living

savage nations, and will be considered as affording a fjir repre-

sentation of primordial ages. The other aisle will be entirely

devoted to the history of the arts, which are supposed to represent
civilisation in its highest state of development. The central part
of the building is devoted to anthropological science, viz.,

European anthropology, prehistoric anthropology, demography,
comparative linguistic, &c. Exhibitors of all nations will be
admitted, and all the expenses of the exhibition will be supported
by the French administration. The space allotted to (oreigntrs
for this exceptional exhibition will not be reckoned as part of the
total space granted to their own nation in the Champ de Mars.
M. Gabriel de Mortillet, Chateau de Saint Germain, Seine-et-
Oise, willanswerany letters addressed to him, and give practical
directions to intending exhibitors.

The scheme, of which we gave details some lime since, has
been conceived by M. Krantz himself, who was desirous to see
the science of man utilised as an introduction to the exhibition of
the works of man.

ENGLISH NAMES OF WILD FLOWERS AND
PLANTS 1

"LTIGHT years ago I was piloting a famous botanist from the
east of England among the fields and lanes round Taunton,

when he asked me the name of a plant which he did not at the
moment recognise. I answered that it was the gipsy-wort, and
received a prompt rebuke. " This is the third time," he said,

"that I have inquired the name of a flower, and you have
answered me in English. The Latin names are universal, the
English at best are local. It is to be wished that all English
names of plants could be forgotten, and their scientific names
become popularised instead." Unquestionably a foolish utter-

ance, it was of great service to myself, for it set me to consider
the real value of these names which my pedantic guest despised,
and from that time to this I have never encountered the popular
name of any linglish wild flower without questioning it closely

as to its etymological history and meaning, and noting the

Lecture liy Rev. W. TiickueU before the Somersetsllire Arclviologiral
a:.d Natural History Society.

passages in our literature where it occurs. It would be a great
pleasure to me to believe that the knowledge gained by these
inquiries, put together to the best of my power, could interest
you to-night as much as it has interested myself.

It is no new thing to infer from the terms in use at the beginning
of a nation's history the arts and customs of the nation using them.
Thus the fact that in all or nearly all the Aryan languages the
words for the Supreme Being, for the king, for brother and'sister,
for ploughing, grinding, building, closely resemble one another,
is admitted to show that our common forefathers in times when
they were still one people, and had not yet scattered into India,
Persia, Europe, had the beginnings of religion and government,
possessed the family life, knew the simple arts which are
most needed for the comfort of home life. Let us see what-lio-ht
will be thrown upon the habits of our Teutonic forefathers iflve
apply their method of investigation to the popular names of
plants.

The following words are common to all the Teutonic lan-
guages ; must have been known, that is, to the race from
which we ourselves, with the Germans, Danes, Swedes, and
Norwegians, are descended, on their first settlement in Europe,
and before they broke up into sitb-c'ivided nations. The first

I will take is birc/i, the rind of which must, we find, have
been used for boat-building and for roofing houses ; for boat-
building, since the word liark, from the same root as birch,
stands for ship in English, Dutch, Icelandic, Danish ; for roofing
houses, since the Old English Ihorgaii and the German ba-^m,
.ilso from the same root, mean to cover, protect, or shelter.
From this simple word, then, we gather that our ancestors pos-
sessed the arts of building boats and of roofing or thatching
houses. Houses could not be built without timber ; and we
find the word tree in alinost every Aryan language standing for
three things—for a tree, for timber, and for an oak, extending the
use of oak wood for building purposes back to the first formation
in Asia of our mother language, and presenting us with the
additional facts that our European ancestors built of oak timber
the houses which they roofed with birch. In hazj a fresh fact
lies buried. It is in all Gerinanic dialects the instrumental form
of /;.r/, command or fe/ii-v/', a hazel stick having been used, as
Jacob Grimm informs us, in the earliest times as a sceptre or
baton to keep order among slaves and cattle. Without dwelling
on the fact that the old word luchian, to foretell, indicates the
use of the hazel rod for purposes of divination, we have the addi-
tional probability revealed in a single word that our remote
ancestors possessed slaves and cattle. In hxiulhorn, common to
Swedish, German, and English, we have testimony to the use of
a haw, hic^, Jiedgc, or fence, "honouring the holy bounds of
property," and consequently to the division and appropriation
of land, in the earliest Teutonic time. My next word makes
some demand upon your etymological credulity. Without tracing
particulars, I will ask you to believe that the Sanskrit Kshi, to
dwell, passes through various forms in one direction to the
English hoDu; in another to the word heath , now meaning the
plant which grows wild on open land, standing originally fi?r the
land itself. "My foot," says Rob Roj-, "is on my native
heath ;

" and the same idea was enshrined in the same word to
the first Teuton settlers. In the forest he fought his enemies,
hunted his prey, hewed timber for his fences, and peeled bark
for his roofs ; his home was in the open land, or healh, from
which, again, when ages had passed away and Christianity pos-
sessed the towns, he still worshipped his father's gods upon his
father's heath, and gained, as Trench thinks, his .ancient name
of heathen. A sixth word lifts him higher than all the rest.
The wordfcv//, in Gothic, Old-IIigh-German, modern German,
Norse, Danish, Dutch, English, is identical with book, the
Runic t.ablets of our ancestors having been carved upon
this \yood. In sloe, the wild plum, we have ihc root of
slay, its

_
tough wood having been used for bludgeons ;

dog-ioood is da^ger-\\oo3, from dag, to strike ; from ash, whose
wood was therefore used for spear-shafts, came the Old English
cese, a spear ; sedge is allied to scceg, a sharp small iron sword.
Anil let us observe that while all these plants, bearing purely
Teutonic names, extend far into Northern Asia, trees which stop
short at a more southern limit—the elm, chestnut, holly, syca-
more, plum, pear, peach, cherry—all have Latin names, showing
that the Teuton squatters came from a colder country than that
in which they are supposed to have settled near the Roman
Provincials on the Lower Rhine. The knowledge that wheat,
barley, oats, corn, rye, are all Teutonic words, completes the
historical picture given by the first list of names. They show
us a race of men coming from a northern to a southern region,
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dwelling ill timber houses, roofed and thatched, launching boats
upon the river?, possessing cattle anj ilaves, recognising the
rights of property and the sacredness of liome, fijjhting with
cudgels, swords, and spears, familiar with cereal agriculture, in

some way not ignorant of letters. All these facts, just hinted at
here, but challenging minute investigation, we owe to a dozen
common names of English plants, whose Latin equivalents teach
and commemorate nothing of any national interest to ourselves.

These names, and a few more, are as old as the English lan-

guage ; but from the Conquest to the sixteenth century botanical
inquiry ceased in England, and the rest of our popular names
are little more than three hundred years old. Most of these
come to us from the Greek and Latin ; but some of them
are so corrupted as not to be easily recognisable. Any scholar
will detect in acacia the Greek word for ^nilclessness ; in

the amaranlh, with which Milton's worshipping archangels
wreathed their brows, the Greek for unfading ; in the periwiukle
the pit~jinca used to hind about the head ; in lettuce, the
meaning of milky : in geranium, the descriptive name crane's bill.

In the plane he will see the Platanus of the poets ; in the rose,

the Khodon of Homer and the Rosa of Virgil ; in the sycamore,
the wild fig of the Bible, transferred in medieval miracle plays
to the tree which now bears the name ; in the vine, the oinon and
vitmm, whose Sanskrit root is still present in our words /;(//«( and
t-it)ist. He will understand that the basil which poor simple
Isabel planted in the pot which held her murdered lover's head was
the rei;al plant, used perhaps of old in some royal bath or un-
guent ; that the ani;eliea, which now flavours our soups, and was
once a specific against the plague, was given to mankind by angels

;

that the belladonna was applied as a cosmetic to make ladies beauti-

ful for ever ; that the cyclamen, which still grows wild in Devon-
shire, owes its name to its prominent circular tuber. He will not
so readily discover that the tansy of our cottage gardens is the
Greek athanasia, immortality, administered to Ganymede that
he might become fit for his life in heaven ; that the common
milfoil yarrow is the hiira, or holy herb, pledged to heal all

herbs with its fragrant leaves ; that nasturtium means nose-

ttvister, from its jjungent smell ; that our Quantock rvhortle-berry

is a corruption of myrtillns, myrtle-berry : that eglantine is acu-
lenta, the prickly rose, or sweet-briar ; that the herb Bennett or
avens, is the benedicta, blessed herb, kept in houses to prevent
the entrance of the devil ; that the hip of the dog-rose is a form
of the Greek and Latin words which people afflicted with sore
throats know as jujuhes ; that liijuorice is an Anglicism of the
Greek Glyeyrriza, sweet-toot ; that the larc/i is from the Latin
lar, a Jiouse, in consequence of its use in building ; that laven-
der, from the Latin la-nre, to wash, was in the twelfth century
Scotch and northern English for washerwoman, because then as

now its sweet spikes were laid amongst fresh linen ; that the ser-

%'ice-tree is the Latin cerevisium, beer, its leaves having been used
to flavour ale before the virtues of the hop were known ; that the
little sqainancy-wort was the ancient remedy for the disease
Kynanche or dogchoker, which we know in its modern sound as

quinsy ; that the mushroom is the muscaniis or fly- bane, because
a particular agaricus, pulverised and mi.\ed with milk, was used in

Southern Europe as we now use the poison called " Keating's
Insect Powder." Least of all will our scholar be quick to admit
that the narcissus owes nothing to the love-sick youth over
whom Ovid sung and Bacon moralised, but is connected with the
Greek narkodes, sluggish, a derivative from narke, the torpedo,
itself sprung from the Sanskrit nark, hell ; cited by Sophocles
(Q£d., Col., 682), as crowning the goddesses of Hades

; gathered
by Proserpine beforL- her wedding tour into the same dark
region, because its heavy odour (for by it the ancients meant the
hyacinth) blunts the nerves .and makes men sleepy and torpid. I

can find comparatively few name; which we have borrowed from
the French. Dandelion is, of course, the lion's tooth ; why,
botanists are not agreed. Alignonette is applied by us to a very
difierent plant from that which be,irs the name in France.
Woodruffe, known to travellers in Germany ^as flavouring the
pleasant drink called Maitrank, takes its last syllable from roue,

a vheel, its verticillate leaves being set like a wheel or rowell on
the stone. Pansy is penst'e, thought, from its significance in the
language of flowers: "There's pansy," says Ophelia, "that's
for thoughts." Gillijhnver is, girojU'e, iiora caiyophyllum, a clove,

a name originally given to the carnation, but now transferred to

the wall-flower. Tutsan is toute-saine, the oil in its le.ives

having made it a remedy for wounds. Most curious of all is

Apricot, from abricot, which at one time I contentedly referred

to the Latin apriais, sunny, ripening as it dues on surny walls.

It is, in fact, traceable to the Latin pr,ceoqtia, early, the fruit

being supposed by the Romans to be an early peach. The
Arabs took the Latin name and twisted it into al burquj ; the
Sjianiards altered its Moorish name into aUnricoque ; the Italians
reproduced it as albicocco, the French as abricot, and we get it

next in England, curiously enough, as apricock, so spelt in Shak-
speare's time, and finally as apricot.

Many curious bits of myth and history reveal themselves as we
excavate down ti these old meanings. The p,eonv, or healing-
plant, commemorates the Homeric god Pa;on, the first physician
of the gods, who tended the bellowing Ares when smarting from
the spear of Diomed. The centaury is the plant with which the
centaur Chiron salved the wound inflicted by the poisoned arrow
of Hercules. The ambrose, or wormwood, is the immortal food
which Venus gave to yEneas, and Jupiter to Psyche; the Sanskrit
amrtta which Kehama and Kailyal quaff in Southey's splendid
poem. The anemone, or wind-flower, sprang from the tears
wept by Venus over the body of Adonis, as the rose sprang from
his blood

—

ai^a pooov TLKTei, ra oe ociKpva Tav nvefjLOJvay.

The daphne, syringa, and andromeda tell their own tales : the last,

which you may find in the peat-bogs round Shapwick station, is

due to the delicate fancy of Linnaeus, who first discovered and
named it, blooming lonely on a barren, rocky isle, like the
daughter of Cepheus, chained to her sea-washed cliff. The Juno
rose, or tall white lily, was blanched by milk which fell from the

bosom of Juno, the tale being transferred in Roman Catholic
mythology to the Virgin Mary and the milk-thistle. The yellow
carline thistle is named after Carl the Great (in Mr. Freeman's
county I must not call him Charlemagne), who, praying earnestly

for the removal of a pestilence which had broken out in his army,
saw in vision an angel pointing out this plant as a heaven-sent
cure. The hei'b Robert healed a disease endured by Robert,
Duke of Normandy, still known in Germany as Ritprechfs-plage.

Tht filbert, though this is disputed, commemorates the horticul-

tural skill of one king Philibert. The treacle mustard, a showy
crucifer resembling wallflower, was an ingredient in the famous
Venice treacle, compounded, as you will remember, by Waylind
Smith to treat the poison sickness of the Duke of Sussex. The
word treacle is corrupted from the Greek theriacum, connected
with wild beasts, whose blood formed part of the antidote. It

was at first made up by the physician to Mithridates, King of

Pontus ; and is still in many parts of England known as mithri-

date mustard. The foioer-de-liice, or fleur-dedys, is the flower

of King Louis, having been assumed as a royal device by Louis
VII. of France, though legend figures it on a shield brought
down from heaven to Clovis, when fighting against the Saracens.

It is probably a white iris.

Not a few strange superstitions and beliefs are embalmed
in well-known nam.es. The celandine, from chelidon, the swal-

low, exudes a yellow juice, which, applied by the old birds

to the eyes of young swallows, who are b)rn blind, or have
lost their sigh^ at once restores it. The hazok-weed has the

same virtue in the case of hawks. The fumitory, futnelerre,

was produced without seed by smoke or vapour rising from the

ground. The dcvil's-bit is a common scabious, with a premorse

or shortened root, which was used so successfully for all manner
of diseases, that the devil spitefully bit it off, and for ever

checked its growth. The eyebright, or euphrasy, was given to

cure ophthalmia.
" Michael from Adam's eves the film removed,

. . . Then purged with cuplirasy and rue

The visual nerve, for he had much to see.

"

The Judas-tree, with its thorns and pink blossoms, was the tree

on which Judas hanged himself. The mandrake gathered round

itself a host of wild credulities. It was the atropa mandragora,

a plant nearly allied to the deadly nightshade, but with a large

forked tuber resembling the human form. Hence it was held to

remove sterility, a belief shared by Rachel in the Book of

Genesis, and was sold for high prices in the middle ages with

this idea. In fact, the demand being greater than the supply,

the dealer used to cut the large roots of the white bryony into

the figure of a man, and insert grains of wheat or millet in the

head and face, which soon sprouted and grew, producing the

semblance of hair and beard. These monstrosities fetched in

Italy as much as thirty gold ducats, and were sold largely, as Sir

T. Brown tells us, in our own country. It was thought that the

plant would only grow beneath a murderer's gibbet, being nursed

by the fat which fell from his decaying body : hence it formed

an ingredient in the love-philtres and other hell-broths of witches;

and, as it was believed that the root, when torn from the earth.
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emitted a shriek which brought death to those who heard it, all

manner of terrible devices were invented to obtain it. The readers

of Thalaba will remember the fine scene in which the witch

Khawla procures the plant to form part of the waxen figure of the

Destroyer. I have seen the plant growing in the Cambridge
Botanical Gardens ; it is not uncommon in Crete and Southern

Italy ; its fruit is narcotic, and its name is probably derived from
maiuira, an inclosed, over-grown place, such as forms its usual

home.
The medical beliefs revealed by many names are not less

curious than their legendary associations. It was the opinion of

the old herbalists or simplers that God had not only provided
special plants as a cure for every disease, but had made their

curative power evident by stamping them with some resemblance

to the malady they were meant to heal ; and this faith, known
to students of our older botany as the " Doctrine of Signatures,"

lurks or reveals itself in many an English name. The Um^-wort,
spotted with tubercular scars, was a heal for consumption ; the

liveT'Wort, liver-shaped in its green fructification, was a specific

for bilious maladies ; the scaly pappus of the scabious for cuta-

neous eruptions ; the throat-like corolla of the tJtroat--oort, or

Canterbury bell, caused it to be administered for bronchitis

;

the saxifrage, cleaving the hard stones with its penetrating fibres,

was efficient against calculus ; the scorpioii-gmss, now known
as the forget-me-not, whose flower-spike dimly resembles a

scorpion's tail, was an antidote to the sting of that or of other

venomous creatures ; the moon-Uaiiy averted lunacy ; the birth-

wort, Iddtuy-vctch, iiipph-wort, spleen-wort, were all appropriated,

as their names suggest, according to resemblances, real or

fancied. The pretty toad-flax of our walls and hedges owes its

name to a strange mistake. Beheved to be the cure for a com-
plaint called buboes, it received the Latin name btibonium. A
confusion between bubo and biifo, which is Latin for a toad,

gave birth to its present name ; and stories were not long
wanting that sick or wounded toads had been seen to eat of it

and to recover health.

Similar distortions occur in non-medical names ; and it is

most curious to notice how soon a story springs up or a
belief asserts itself in confirmation of the mistaken identity.

The common fumitory, which we have already noticed, re-

ceived its name oi fume-terre, earth smoke, from its causing the
eyes to smart and water when applied to them, as smoke does.

The meaning was lost as time went on, and was supplied by the
belief that it was produced without seed by smoke or vapour
rising from the earth. Buttercup was said to give colour and
flavour to butter, as being eaten by cows, when in blossom, the

facts being that it is a corruption of boutoii-cop, button-head,
and that cows eat the grass all round it, but always, if possible,

avoid it. Ji/eadow-s-iveet is a corruption of mead-wort, lisney-inine

plant, a beverage being still extracted from it by cottagers.

Bullrush is pool-rush, as growing in pools, not in mud ; snap-
dragon is snout-dragon, from its shape ; marigold is marsh-gold

;

sweet-william is aillet, a little eye ; puik is the low German
pinksten, Pentecost, from its flowering at Whitsuntide, the name
being transferred first to the colour of the flower, then to a
method of working flowers on muslin, called pinking ; and so to

the sword-stab in a duel, piercing or pinking an adversary as the
needle pierced the cambric. Nightshade is night-^cada, soother,
or anodyne ; samphire is St. Pierre, from its love of rocks ;

sanicle is St. Nicholas, the restorer of the three murdered
children, from its healing powers

;
poplar comes from the Indian

pepul, whose leaves when varnished and painted closely resemble
those of the large Spanish poplar

;
primrose was anciently the daisy,

and is called by Chaucer /W;«t>r»/i', from the old French /Wwc-
verole, the first spring flower

;
primerole was changed to pritn-

rolles, that to primrose, the first rose of spring ; and it was not till

the sixteenth century that it attached itself to the familiar flower
which now bears its name. Cowslip is more strange still. It

was originally hose-fiap, and belonged to the mullein, whose
great fiannelly leaf might v/efl be likened to the flap or skirt of a
woollen under-garment. Later on it was transferred to the wild
primula of our meadows, and the mistake was stereotyped by
the unlucky botanist, who in ignorance of its origin gave the
name of oxlip to its pretty congener, the Primula elatior.

The 'Jerusalem artichoke is a sun-flower, not an artichoke

;

but the tubers resemble the artichoke in flavour. From its

Italian name girasole, turn to the sun, came Jerusalem ; and by
a further quibble the soup made of it is called Palestine soup.
"Wi^ forget-me-not was originally the germander speedwell, whose
blossoms, falling off and flying'away as soon as it is plucked, gave
emblematic force to the name. It was known in the days of

chivalry as the "flower of souvenance," and was embroidered
into the collars of the knights, a fact still recalled by its German
name Ehrenpreis, prize of honour. About 200 years ago we
find the name given to the ground-pine, yljuga chamcepitys, whose
nauseous taste once realised can never be forgotten. Finally it

was seized upon by the river-side Myosotis, and forthwith sprung
up a charming legend, created obviously to suit its latest identi-

fication, how that while two lovers loitered by a lake, the maiden
saw and longed for the bright blue flowers, the knight plunged
in to get them, but, unable to regain the shore, had yet agility

enough to fling them into his lady's lap, and then with a last

devoted look and the words "forget me not," sank below the
waves for ever.

Many names of plants contain the geography of their origin.

The Canterbury bell is obvious, so is the Guelder rose. The
Alexanders, a rare plant round Taunton, but growing in

great quantities at Blue Anchor, comes from Alexandria ; the

candy-tuft, from Candia ; the elecampane, from Campania ; the
medick, from Media ; the carraway, from Caria ; the walnut or

Welsh nut from the north of Italy, called Walsh by the Ger-
mans. Peach is Persicus ; shalol, Ascalonicus ; spinach, His-
panicus ; the damson, rightly spelt as Damascene, tells its own
tale, which is less clear in the case of the Dame's or Damascene
violet, a corruption extended and perpetuated, as often happens,
by its Latin equivalent, matronalis.

All first attempts at classification, etymological or other,

leave a large margin of miscellaneous items refusing to be
ticketed or systematised ; and there remain a few names falling

under none of the categories which I have cited, yet too in-

teresting to be omitted. .Such is apple, retaining its form in

the Teutonic, Celtic, Sclavonic, and I^ettish languages, and
springing apparently from the Sanscrit ap, water, which reap-

pears inverted in the Latin pa of Padus, po of Poto and Pomum,
meaning therefore the water fruit or juice fruit. Such again is

daffodil, the daffadowndilly of Spenser and other poets. It is a
combination of sapharoun, or saffron lily, with a phodelus, the

old English affodilly. With the taste for alliteration often shown
in popular names the sapharoun lily blending with the alTodilly

became by a mutual compromise daffadowndilly, whence daffo-

dilly and daffodil. Foxglove is \htfox's gleiu, or tintinnabulum,

a ring of bells hung on an arched support. Bedstraw was a
plant much used for couches before mattresses were invented,

and a species which when dry yields a pleasant scent is still

called lady's bedstraw. Carnation is coronation, its flowers being

used as crowns or chaplets, just as campion is champion, gathered

to crown the champions in a tournament. Cress is possibly from
cross, its petals being cruciate

; possibly from crescere, to grow,
in token of its rapid increase. It was used in Chaucer's time
under the form olkers to express any insignificant quantity.

" Of paramours ne raugfit fie not a kers,"

from which comes, perhaps, our vulgar phrase, " I do not care

a curse," though a yet ruder parallelism has since been manufac-
tured to confuse its spelling and its etymology. Nettle is from
ne, to spin, indicating that its coarse fibres were used for thread

in early times, an idea Ijorne out by Hans Andersen's beautiful

tale of the wild swans, in which you rencember that the princess

was permitted to redeem her brothers from their transformation by
weaving them shirts of nettles. Shamrock is from an Erse word
signifying the little trejoil. The story of its theological use by St.

Pitrick is of modern date, and it has been taken by various

writers to represent the water cress, the vood sorrel, the

Dutch clover, and the black medick. Irishmen are divided in the

present day between the two last, which are sold on St. Patrick's

day both in London and Dublin. The snowdrop is so-called

from its resemblance to the large eardrops worn by ladies in the
sixteenth century, and represented olten by painters of that

period. The tobacco v/as the Indian name for the pipe in

which the weed was smoked, not of the weed itself; and
potato belonged at first to a tropical convolvulus, and was
transferred by mistake to the well-known esculent. The goose-

berry was the cross-berry, from its triple spine, which frequently

takes the form of a cross. The hollihock is the caiili-hock, hock

being an old name for the mallow, to whose order it belongs, and
cauli, meaning cabbage, either from its lofty cabbage-tike stalk,

or, as in cabbage-rose, with reference to its rich double bloom.
The laburnum closes its petals at night-fall like a tired labourer,

and the ozicr is named from the oozy beds which suits its growth.

I bring my list to an end, not because it is exhausted, but for

fear my hearers should become so. I have picked only the most
suggestive and curious of our many floral names, leaving an
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abundant gathering to many gleaners. One branch of the sub-

ject I have barely touched, the superstitious practices attaching

to many of our wild plants, though not surviving in their names.
I have left alone the interesting question of Bible plants, of the

hyssop, the juniper, the mustard-seed, the lilies of the field, the

burning bush, the shittah, the almug, the gopher, the curiously

mistranslated cab of dove's dung, with the light thrown upon
their identity by the names given to them in the commentaries
in our older translations. Nor can I do more than hint at the

rich store of literary allus'on to our wild flowers which abounds
in all English poets, and the beautiful thoughts suggested to

many of them by some particular plant. I should have liked to

read you Chaucer's lines upon the daisy, Herrick's on the daffo-

dil, IJurns's on the dog-rose, .Shelley's on the .sensitive plant,

Southey's on the holly, Wordsworth's on the lesser celandine,

Longfellow's on the conipas- plant. I should like to open
volume after volume of Elizabethan and of later days ; to

enumerate and discuss the flowers with which Ben Jonson
bids us "Strew, strew the smiling ground;" the "pretty
paunce and chevisaunce," of Spenser; the "quaint enamelled
eyes" that decked the laureate hearse of Lycidas ;" the silver

globes of guelder rose " which won the heart of Cowper ; the
"hawthorn bush beneath the shade" of Goldsmith's lovers;

the ''slight hairbell " which raised its head, uncrushed by the
airy tread of Ellen Douglas. I should like to remind you of

the lessons in natural theology which Paley drew from the

"little .spiral body" of the dodder seed; of the star-shaped

shadow of the daisy which Archer Butler showed to Words-
worth, or how Linnoeus, when he first saw the wild broom in

flower,
" Knell before it on the sod.

For its beauty thanking God."

Above all I should love to turn with you the page of Shake-
speare ; to read of the grey discrowned head of Lear wreathed
with "rank fumiters and furrow weeds;" of Perdita at the

shearing feast disparaging the streaked gilliflowers as Nature's
bastards ; of poor distraught Ophelia distributing her rosemary
and herb of grace ; of Puck telling how love in idleness was
purpled with love's wound ; of Titania gently entwining the
" female ivy and sweet honeysuckle" round the sleek smooth
ass's head of Bottom : of Helena and Hermia, "a double
cherry seeming parted, two lovely berries moulded on one stem."
For I should lay on you a spell mightier than I can forge myself;
I should invoke allies before whom we all bow as the source of

our intellectual happiness and growth ; I should remind you
how the most creative minds have drawn nutriment from these

tenants of our hedgerows and hill-sides, and how the knowledge
of their lore helps us in its turn to interpret the sweet thoughts

and apt illustrations of the poets they inspired and delighted :

how, if the aspirations of my Cambridge botanist weie fulfilled
;

if the daisy could become the bcUis^ the strawberry \^^ fragaria,

the honeysuckle the caprifoliinn, the heather the caltuna, the

parting genius of romance and myth and association and folk-

lore would be sent sighing from the domain of botany ; and the

richest and most attractive of the natural sciences would become
the dullest and the most neutral.

In conclusion, let me disclaim all merit of originality in the

ideas which have been put before you to-night. I have but
attempted to bring together, with the interest attaching to

cumulative illustration, conjectures which have been started and
discoveries which have been worked out by others. Scattered
through the old-fashioned tomes of Coles, Lyte, Parkinson

;

through the pleasant pages of Loudon, Pratt, Johns ; above all

in that most valuable work on popular botany which we owe to

our Somersetshire naturalist. Dr. Prior, you will find all or

nearly all that I have advanced. The flowers were plucked by
other hands ; mine has been only the pia dexttra to sort and
wreathe them.

NOTES
We greatly regret to record the death of Mr. J. P. Gassiot,

D.C.L., F.R.S., which took place on the 15th inst., the opening

day of the Plymouth meeting of the British Association, at the

age of upwards of eighty years. Sir Wm. Thomson referred

to Mr. Gassiot at the concluding meeting of the Physical

Section in terms of the highest appreciation. His experiments

with the vacuum tubes, an account ot which will be found in the

Royal Society's publications, extended over many years, and he
varied them in very many ways, in order to throw light on the

theory of the stratified discharge. Mr. Justice Grove worked a

great deal with Mr. Gassiot, who continuously for many years

experimented with a battery of high potential, beginning with a

battery of 500 water, and ending with 3,500 l.iclanclu- cells.

He spared no expense or trouble ni his own researches, and in

making known to Englishmen the researches of continental

physicists by the purchase of similar apparatus to that they had
employed. At his scientific gatherings one met the eminent

men of all nations, and in the early days of the British Associa-

tion they generally assembled after the meetings at Clapham
Common. Before his death he distributed the greater part of

his apparatus ; much of it was given to the Cowper Street

Middle Class School, and his vacuum tubes (in very great

numbers) to Mr. .Spottiswoode. He was a generous patron of

science, and a helper of scientific men. He has munificiently

endowed the Kew Observatory and the Cowper .Street Middle

Class School, and was the founder of the Royal .Society Scien-

tific Relief Fund. Plis untiring activity enabled him to take an

active part in the administration of some of the largest public

companies, and though in years he lived a very long life, by his

activiiy he m.iy be said to have lived twice as long. He was the

intimate friend of Faraday, and most men of eminence in

England and abroad ; those living will recall, when they hear of

his death, the many pleasant and profitable hours spent at

Clapham Common.

We learn from a correspondent in Alexandria, under date

August 12, that the obelisk is now nearly quite inclosed in its

iron casing, and its launch may take place in another fortnight

or so. " It is now receiving an outer skin of strong thick planks,

to protect the casing from injury when it is rolled down the

inclined plane into the sea. Two delicate engineering opera-

tions have to be got over before it is ready for the launch. The
first is to let down the obelisk on to its bed in the cylinder, and,

that accomplished, to complete the riveting of the lower plates,

and then let the whole down on to the ground ; for at present

the obelisk and cylinders are supported above the ground inde-

pendent of one another. There will be no ceremony at the

launch as the state of the sea may prevent the operation at any

fixed time ; and a calm day will have to be selected. The Jiie

will take place when it is ready for sea after being docked in the

Great Harbour. It has yet to have a rudder and bilge keels

fitted, besides the cnbin, wooden deck, mast, sail, &c. It will

be painted bright-red and bear the name of " Cleopatra." If

met at sea, it may be taken for a torpedo boat, and avoided

accordingly. One side, the part which remained undermost,

is in beautiful preservation, but other sides are more or less

eroded
;

(still, when erected and seen at a distance the

hieroglyphs will probably appear more sharply defined than

when seen close and in a prostrate position."

Prof. E. S. Morse, of Salem, Mass., is now busy with

dredge and microscope in Japan, having fixed his headquarters

at Inoshima, seventeen miles south of Yokohama. Recently he

ascended one of the highest of the Japanese mountains, about

100 miles from the coast, and found opportunity there for

dredging Lake Chiusenji, a body of water 4,000 feet above sea

level. Its fauna was ascertained to be quite peculiar. Prof. Morse

will return to the United States in time for his usual courses

of lectures during the coming autumn and winter ; but after-

wards, in 1S78, he expects to go back to Japan, having accepted

an engagement in the Imperial University of Tokio, as professor

of biology. He has also projected a summer school of natural

history, to be conducted on the coast near the university
; his

text-book for beginners in zoology is to be trinslated into the

language of japan, and animals native to that country are to be
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substituted for the American ones referred to throughout the

volume.

The New York Tribune tells us of a" practical application of

the telephone. Mr. J. L. Haigh, the contractor for manufac-

turing the wire for the Brooklyn Bridge, put up a telephone a

short time ago, connecting his establishment with the Bridge

Superintendent's office. Mr. Cheever, the agent for the tele-

phone in the United States, has lately placed in New York

several telephone instruments and wires. One of these connects

his office with the Champion Burglar Alarm Company's office

at Thirteenth Street and Broadway, using one of their old tele-

graph-wires, between three and four miles in length, as the

medium of communication. Mr. Cheever has another wire

running to Broad Street, in communication with an establish-

ment engaged in the construction of telegraph lines. Mr.

Cheever is erecting a line for the Clyde Steamship Company

from its office in Bowling Green to Pier No. 2, North River,

from which its steamships sail. This is a circuitous line, about

five miles in length. The piers of the Brooklyn Bridge are also

being connected by telephones with the superintendent's office,

so that all the movements of the "travellers" in carrying the

wires across from pier to pier can be communicated and directed

without the use of signal-flags as heretotore. The current of

sound in these telephones is carried by a single wire in either

direction. All that it is possible to do in ordinary conversation

between two people sitting within two feet of each other in a

room can be done at the distance of five or ten miles, or even a

greater distance, by simply raising the voice and speaking a little

slower than naturally. The telephone instruments themselves

are very simple, consisting of two wooden tubes, one of which

is placed at the mouth, the other at the ear. The extension of

these telephones all over the city in place of the electric

telegraph is probblay only a question of time.

From the New York Tiibune we learn that the first act of the

new College Administration at Amherst has been the purchase

of all the Shepard Scientific Collections located in the college

cabinets. These collections, the private property of Prof. C. U.

Shepard, were removed from NewiHaven to Amherst in 18471

through the influence of Prof Hitchcock, and have remained

there ever since, receiving constant personal attention from the

Professor, and from the College such enlarged accommodations

as their growth required. The purchase has been made for

40,000 dollars, or less than half the appraised value of the

minerals, the College thereby securing for itself not only all the

material necessary for study in this department, but also, to use

the Professor's own words, a collection "which, besides being

the largest ever fonned by one individual, is actually the best

now possessed by any college or university in this country or in

Europe." The collections are three in number : viz., a minera-

logical, a geological, and a meteoric. Of these the first is the

most important and perfect, containing specimens illustrative of

almost all the species of the twenty-two orders, selected with the

utmost skill and appreciation of scientific beauty. The meteoric

collection is the fourth for size and value in the world, the three

others which outrank it being those of the national museums at

London, Vienna, and Paris.

Prof. Piazzi Smyth sends to the Edinburgh Courant a

memorandum from the Edinburgh Royal Observatory, dated at

2 r.M. August 21, in which he states that the 24-hour period

then closed had witnessed by far the heaviest rainfall ever recorded

there within an equal interval of time, having amounted to

no less than I "940 inches. "This particvdar storm," the memo-

randum states," which has been marked throughout by a heavy

rain-band in the prismatic spectrum of the daylight, though by

no particular fall of the barometer, commenced on August 17

with a veering of the wind from the west towards the east by

way of the north, In which easterly position it settled for the

four following days, or up to this time, when it has now gone

back by the north to the west, and the' depths of rain found in

the rain-gauge each day have been thus :-*

August 18 0-177

August 19 I '349

August 20 0794
August 21 i'940

making a total of 4 '260 inches in four days; in a climatic

position, too, viz., the roof of this observatory, where the mean

monthly fall throughout the year is only 2'09i inches."

It is worthy of note in connection with the present exception-

ally wet weather in this country that the rainfall in Victoria this

season has been below the average, and the weather cold.

A SEVERE shock of earthquake was felt in Melbourne on

June 25, at 3.30 A.M.

As already announced, the fiftieth meeting ofGerman natural-

ists and physicians will take place at Munich on September

17-22. Among the visitors who have announced their intention

to read papers, are Professors Waldeyer (Strassburg), Ernst

Haeckel (Jena), Tscherraak C^'ienna), K'ebs (Prague), Dr. G.

Neumayer (Director of the German Observatory, Hamburg),

Virchow (Berlin), Dr. Ave Lallemant (Liibeck), and Giinther

(Anspach).

The British Archseological Association commenced its annual

meeting at Llangollen on Monday, under the presidency of Sir

Watkins Williams Wynn, M.P.

The first annual meeting held in Scotland of the Institute of

Naval Architects was opened at Glasgow on Tuesday morning,

when the members were received in the Corporation Galleries

by the Lord Provost. Lord Hampton, the president, spoke of

the immense amount of shipbuilding carried on in Glasgow.

Papers were read " On Transverse Strains in Ships," by Mr. W.
John, and on "Abnormal Influences in the Direct Motion of

Steam-Vessels," by Mr. Robert Mansel. The members in the

afternoon visited several of the shipbuilding yards in the neigh-

bourhood.

There have been just added to the South Kensington

Museum six models illustrating the cliff houses, cave dwellings,

and lowland settlements met with through the district where the

States of Utah, Colorado, Arizona, and New Mexico join. A
series of models of the same kind was shown at the Philadelphia

Exhibition, and through Sir Herbert .Sandford these six have

been generously presented by the United States' Government to

this country. They are reduced to different scales, the cave

dwellings being of smaller scale than the lowland dwellings,

since with the former the surroundings are given, while with the

latter they are not.

The Archsjological Congress at Kazan was opened on

August 12, and will continue its .sittings during three weeks.

The Congress is divided into seven sections, one of which deals

with pre-historic man. The questions to be discussed are of

great interest, as well as the very varied archaeological exhibition

opened in connection with the Congress. Several excursions will

be made by the archteologists along the banks of the Volga, and

during one of these a koorgan (mound) will be excavated

As we have already announced the Sanitary Institute of Great

Britain will hold its Autumn Congress at Leamington from

October 3 to 6. The president will be Dr. B. W. Richardson,

who will open the Congress with an address on the evening or

the 3rd. Other addresses will be given on the 4th and 5th, and

among other papers to be read will be one by Surgeon-Major de

Chaumont on "The Effects of Climate upon Health," by Mr.
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W. Eassie, C.E., on "The Influence of Vegetation on Human

Health," and by Mr. A. Haviland on " Geography of Disease

in Relation to Sanitary Science." There will be an exhibition

of .'ianitary apparatus, appliances, and articles of domestic use

and economy, in the Drill Hall, Leamington, from October 3 to

18, in connection with the Congress.

Russian papers announce _the return to Kuldja of Col. Prshe-

valsky. He has brought with him very interesting zoological

collections, the most important of them being the skins of three

wild camels.

Prof. Wagner is engaged now in the organisation of zoolo-

gical stations on the White Sea. One of these will be organised

on the shore of the Anzerski Strait, the other on Cape Orlovsky,

and the third on the Sviatoi Nos.

Messrs. W. and A. K. Johnston have published a small

pamphlet from the pen of Dr. Andrew Wilson, on the Colorado

beetle [Dorfphora decevilineata), with an excellent and much

magnified coloured representation of the insect, and another of

Doryphora jicncia, " the Bogus potato-bug " of the colonists.

An account is given of the structure and habits of the species,

together with the most successful methods that have been

employed for its destruction. Why D. juncta is depicted on

the outside of the paper with the heading " The Colorado

Potato Beetle " just above it, we are at a loss to comprehend.

It is misleading, to say the least. We have also received from

Messrs. Routledge a reprint from one of the Reports of Mr. C.

V. Rdey, the State Entomologist of Missouri, on the Colorado

beetle, and from Mr. Stollwerck, of Cannon Street, a very

successful model of the beetle at its various stages in a neat

little case. The model has been made by Stollwerck Brothers,

of Cologne, by order of the German Government, and has been

widely distributed all over the country, in schools, &c.

We notice an interesting report, by M. Kamensky, on the

cotton-tree culture in Turfan, read at the last meeting of the

St. Petersburg Society for the Protection of Trade.

From the Twenty-third Annual Report of the Brighton and

Sussex Natural History Society we are pleased to see that the

society is in a state of continued prosperity. The report con-

tains many papers read at the society's meeting, most of them

scientific, and many of them interesting and valuable. An equally

satisfactory account of progress is given in the Niiilh Annual

Report of the Eastbourne Natural History Society, which also

contains a number of interesting papers read at the meetings.

With reference to Galileo's claim to be the inventor of the

telescope, M. Wolf quotes {Antialen der Physik und Cliemie)

from a manuscript of Scheiner (1616) in a library in Zurich, a.

curious passage, of which the following is part :
" It must be

allowed first, considering what the telescope does, that Baptista

Porta has better right to be thought the inventor, because he

describes, after his own way, in obscure words and puzzling

exprtssions, an instrument like the telescope. But secondly, if

we speak of the telescope, as it is now used after general perfec-

tion, we must say that neither Porta nor Galileo is the first

discoverer of it, but the telescope in this sense was discovered in

Germany, among the Belgians, and that accidentally by one

Kramer, who sold spectacles, and either for amusement, or

experimentation, combined concave and convex glasses, so that

with both glasses he could see a quite small and distant object

large and near ; at which success being rejoiced, he united

several similar pairs of glasses in a tube, and offered the combi-

nation at a high price to wealthy people. Thereafter they (the

telescope.-) became gradually more common among the people,

and spread to other countries. In this way two of them were

brought for the fust time by a Belgian merchant to Italy; of

these, one remained long in the college at Rome ; the other

went first to Venice, later to Naples ; and here the Italians,

and especially Galileo, at that time Professor of Mathe-

matics in Padua, took the opportunity of improving it, in

order to apply it to astronomical purposes, and extend its use

further. Thus the telescope, as we have it to-day, was discovered

by Germany, and perfected by Italy ; the whole world now

rejoices in it."

Experiments have recently been made at Dortmund, on the

Cologne-Minden Railway, with a newly-invented steam-brake,

and on the whole they were crowned with success. A railway

train travelling at full speed was brought to a standstill in the

remarkably short time of twenty seconds, and the inventor is

confident to be able to reduce this time to eighteen seconds.

We have received the programme of the .St. Thomas Charter-

house School of Science for session I S77-8, which commences

on September 29. It is as well arranged as before, and we
notice that another series of Gilchrist Lectures will be given this

winter, by Dr. B. W. Richardson, on physiology. One of the

subjects to be taught this session is "advanced and elementary

physiography."

The New York Tribune of August 10 and 1 1 devotes about

six columns, with illustrations, to a description of the contents

of the Peabody Museum, Yale College. Why does not some

enterprising English "dally" try, by a similar experiment,

whether the English public is ripe for such reading ?

The property of certain salts of cobalt (such as the chloride) to

assume a blue colour in dry air and to change to pink during

moist weather, has lately been utilised lor ladies' hats and

bonnets. An enterprising marchand de toilettes at Paris has

added to his " nouveautes " artificial flowers covered with the

salts in question, and christened them " barometers." " Hygro-

meters " would perhaps be more correct, but then the barometer

is the old I established weather prophet of the enlightened

millions.

The law deduced by Baer from observation on Russian

rivers, regarding influence of the earth's rotation on the form of

river banks and beds, has received confirmation by various

observers since. The attention has been almost exclusively

directed, however, to rivers flowing in meridian direction. And

a like remark applies to investigations of the pressure arising

from the earth's rotation on one of the rails in railways. In a

recent paper to the Vienna Academy, M. Finger enlarges the

problem beyond this and other limitations, studying the influence

of the earth's rotation on movements (especially of rivers and

winds) in any paths parallel to the spheroidal (not sperical surface

of the earth. One surprising result is, that even when the

azimuth of the direction does not vary, the lateral pressure to

the right is not (as the adherents of Baer's law suppose)

greatest for a motion along the meridian, nor has it the value

indicated by the law for all azimuths, but it depends on the

value of the azimuth, and, with conditions otherwise equal, it is

greatest for a motion towards the east, and least for a motion

towards the west. With regard to vertical pressure of a body

moving along the earth's surface, M. Finger finds that in con-

sequence of the earth's rotation alone, even if the temperature

and vapour conditions did not vary, there would bean influence

of wind-direction on the state of the barometer, small, indeed,

but in the case of strong winds by no means to be negleted, so

that a higher barometer would correspond to the east winds, a

lower to_ the west.

A registering "physiological balance" has recently been

devised by M. Redier, at the instance of M. Grandeau, for an

agronomic station, its object being to represent in curves the

gains or losses of weight of any matter (soil, plant, animal, &c.

)

placed in one of its scales, With three of these instruments
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(one carrying bare soil, another a plant in the same soil exposed

to air, and the third a similar plant, but with its stem passing

up through a covering obturator), and with a dry and a wet

registering thermometer, M. Grandeau hopes to be able to

settle some important questions relating to quantity of water

required by a given species, transpiration, quantity of evaporation

from ground under various conditions, &c.

The additions to the Zoological Society's Gardens during the

past week include a Macaque Monkey {Macaciis cynomolgtts)

from India, presented by Miss Gover ; a Bonnet Monkey (Ma-

cacus radiaiiis) from India, presented by Mr. G. B. Southern ; a

Sosmmerring's Antelope (Gazdla sa-mmerringi) from Abyssinia

an Arabian Gazelle (Gazella arabica) from Arabia, presented by

Capt. F. Cotton ; an Emu (Drom,rus ncn>a-hollandii€) from New
South Wales, presented by Mr. F. Green ; a Slender-billed

Cockatoo {Cacatmi tennirostris) from South Australia, presented

by Major M. Pasley, R.A. ; Crested Ground Parrakeet

(Calopsitta noiuc-hollandia:) from Australia, presented by Mr.

Salisbury Baxendale ; a Purple-faced Monkey {Sfiiinopitliecus

leucoprymnns) from Ceylon, deposited.

SCIENTIFIC SERIALS
Bulletin de VAcadhnie Roy^tii des Sciences de Belgique, No. 3.

On the pension-fund of widows of officers of the Belgian army,
by M. Liagre.—Some curious examples of discontinuity in analysis
(continued), by M. Plateau.—Reply to M. Terby's criticism on
the map of Mars, published in the Terres dii del, by M.
Flammarion.—Theorem on the Arquesians, by M. Saltel.

—

Applications of the method of analytical correspondence and of
the law of decompositions to certain left curves, by the same.

—

Observations at Rome on the magnetic needle and the solar
spots during 1S75, by Abbe Spec.—Microscopic researches on
the anatomy of the cochlea of mammalia, by M. Nuel.
No. 4.—On the theory of continuous periodic fractions, by M.

Le Paige.—Studies on the planet Mars (loth notice) by M.
Terbe.—Continuation of theorems on regular polygons, by M.
Reynemund.—Fragment of tourmaliniferous rock from pudding-
stone of Bonsalle, by MM. Poussin and Renard.
No. 5.—Application of the rhe-electrometer to the lightning-

conductors of telegraphs, by M. Melsens.—Some remarks on
the winter of 1876-77 ; periodicity of mild winters and hot
summers, by M. Lancaster.—On subnormal polars and radii of
curvature of plane lines, by M. Ghysens.—Morphology of the
dental system of human races, by M. Lambert.—Stratigraphic
arrangement of fossil seals collected in the strata of Antwerp,
by M. Mourlon.

SOCIETIES AND ACADEMIES
London

Entomological Society, August i.—Mr. J. W. Dunning,
F.L.S. , vice-president, in the chair.— Mr, Stevens exhibited speci-
mens of /"m/r/w /;rt>j. Fab., one of the Histoid,!- taken on a
fence at Norwood. He also remarked on the appearance of a
second brood of Cotias £dusa, of which he had observed several
males.-Mr. F. Smith exhibited (on behalf of Dr. Bennett of
Sydney, who was present at the meeting), a fine pair of the
beautiful and rare Eupholus BcnnMii, Gestro., from Yule
Island, New Guinea. It had been described under that name in
the Annah di Mus. Civ. di Genova, viii. 1876.—The secretary
exhibited a specimen of an insect forwarded to him by Mr
Bewicke Blackburn, who stated that a large field of mangolds
belonging to the Knight of Kerry, in the island of Valentia
had been totally destroyed by it. It was believed to be the
larva of some Coleopterous insect, but in consequence of the
imperfect condition of the specimen, it could not be determined.
—Mr. R. A. Ogilvie forwarded (through Mr. Douglas), speci-
mens of an insect found in great quantities in a jar of pirkles
(piccalilly), devouring the pieces of cauliflower in the jar. Prof
Westwood had pronounced them to be the dipterous Drosophifa
cellaris, an insect commonly found in cellars and cupboards
delichnng in stale beer, wine, &c. In answer lo a question asked
by Mr. Ogilvie, he said that the eggs were laid in the pickle-jar

and not in the cauliflowers before they were pickled.—Mr.
Douglas also forwarded a letter from Mr. A. H. Swinton, of
Guildford, inclosing a specimen of Myrmica niginodis, which, on
being placed under a wine glass, sta'tioned itself near the rim,
held downwards, and rapidly vibrating the abdomen, continued
"an intense noise," resembling the spiracular piping of the
dipteron, Syrilla pipiens.~}Ax. Enock remarked that a specimen
of a spider taken by himself at Hampstead, and exhibited at ?
previous meeting by Sir Sydney Saunders as Atypus suheri had
been since submitted to the Rev. O. Pickard, Cambridge, who
stated that it was certainly not A. suheri, but probably^, beckii
Cambridge, which he believed to be the same as A. piceus,
Thorell, ihough he was not certain as the only specimen he h.id
examined of ^. beckii was a female, and until he could obtain
the other sex, he could not give a decided opinion. He added
that he would be glad if collectors in the Hampstead locality
would search for the males during the next autumn and winter,
as it would help him to clear up the diificulty as to the species.
A discussion then took place with reference to the exhibition by
Mr. Jenner Weir, at the last meeting, of a specimen of Cicada
nunitana, which was reported to have been distinctly heard to
siridulate, notwithstanding that the insect was a female, and also
that the species was one of which even the males were not known
10 stridulate. Mr. Weir slated that he had, since the last
meeting, again visited the New Forest, and had seen in the
possession of Mr. James Gulliver two specimens of C. jnontaiia,
and he was assured by Mr. Gulliver that the fact of it stridu-
lating was well known to him, and that he was guided by the
sound so made, in effecting the capture. Mr. Champion said
that he himself had captured the insect, and had distinctly heard
a loud buzzing noise, but whether that sound was caused by the
males or females he could not say. Mr. Dunning considered
that farther evidence was wanting to prove stridulation in the
females.—The following papers were communicated, viz. : Notes
on the new and rare species of Sphingida in the Museum of the
Royal Dublin Society, with remarks on Mr. Butler's recent
revision of the family, by W. F. Kirby.—Descriptions of new
genera and species of Cryptocephalid,T, by J. S. Baly.—Descrip-
tions of new species of Cterid,e, by the Rev. H. S. Gorham.

Geneva
Society of Physics and Natural History, May 3. Piof.

Plantamour gave the results of the deteiminationof the difference
of longitude between the observatory of Zurich and the geodetic
stations of the Giibris (Canton Appenzell), and of the Pfiinder
(Austrian Vorarlberg), at which he has worked with MM. R.
Wolf and Oppolzer. The two last observers h-.ve had to guard
against the influence of the electric register on the rate of their
pendulum, which was sometimes affected to the extent of one-
tenth of a second.— Prof. Plantamour also referred to a par-
ticular fact which has been manifested by the corresponding
observations made by him at Geneva, and by Col. Orffat Munich,
and where the instants marked are influenced by the inclination
to right or left of the head of the observer, according to the
position he must take to apply his eye to the telescope. There
is here a physiological or psychological phenomenon which de-
serves attention.

Vienna
Imperial Academy of Sciences, June 14.—Action of

bromine on phloroglacin, by M. Benedikt.—On the means of
acid formation in the animal system, and on some phenomena of
bloud-serum, by M. Maly.—A new proof of Pohlke's funda-
mental proposition, by M. Pelz.—On a proposition relating to
the theory of the higher equations, and on development ot the
root expression of a quadratic equation, by M. Zimels.—Testing
of a method for determination of the water in silicates, by M.
Sipocz.—On formation of pimelin acid in action of a mixture of
h>droxide and cyanide of potassium on bromide of amylene, by
M. Bauer. The Cceltnterata, Echinodermata, and Worms of tie
Austro-Hungarian North Polar Expedition, by M. Marerzell—
On the spots in the xyltma of leafy and resinous trees, by M.
Kreuz.

June 21.—Orthoptera of Senegal, by M. Krauss.—On the
probable connection of the wind with the period of sun-spots, by
M. Hornstein.—On the determination of the value of a circle
by an immediate method, by M. Georgievicz.— Observations on
the nerves of the cornea and their vessels, by M. Konigstein.

—

On the influence of the earth's rotation on the movements of
any kind parallel to the earth's spheroidal surface, especially
the currents of rivers and wmds, by M. Finger.
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July 12.—On the fresh-water fishes of South-Eastern Brazil

(4th part), by M. Steindachner.—On the recurrence of two

different kinds of bundles of vessels in the kidneys, by M.
Drasch.—On the compounds of the camphor group, by M.
Kachler.—On the substances besides anthracene occurring in

crude anthracene, on carbazol, and on the behaviour of camphor

to hydrate of chloral, by M. Zeidler.—Theory of the functions

Ci/„(^), by M. Gegenbauer.—On intermediate cells in the large

ant'heridium cell of the pollen grain of some Conifera>, by M.
Tomaschek.—On the properties of dialysed egg albumen, by

M. Laptschinsky.—The volcano of Monteferru, in Sardinia, by

M. Doelter.—On a relation corresponding to the linear differen-

tial equations of the second order, by M. Winckler.—On the

light line in the prism-cells of some seed envelopes, by M.

Junovvicz.—The Salse of Sassuolo, the origin of aptychous lime,

and the Mediterranean flora in its relation to the bottom deposits,

by M. Fuchs.—The stand-aneroid barometer, by M. Schell.

July 19.—On the chemical reaction of the visual nerves and

the retina, by M. Chodin.—The fossil flora of Parschlug in

Steiermark, by M. v. Ettingshausen.—On the orbit of the

Loreley (165), by M. Gruss.—The development of the embryo

of Asplenium Shepherdi, Spr., by M. Vouk.—On idryl, by M.
Goldschmidt.—On the behaviour of some resins and resinous

acids in distillation over zinc powder, by M. Ciamician.—On
derivatives of isatin, by M. v. Somaruga.—On cinchonin, by M.
Skraup.— Action of water on haloid compounds of alcohol

radicals, by M. Niederist.—Action of nitric acid on trimethyl

carbinol, by M. Ilaitinger.—Action of weak affinities on aldehyde,

by M. Lieben.— Researches on fluorescence, by M. Mach.

—

Tenacity and elasticity of vegetable textures and organs, by M.
Wiesner.—Analysis of the sulphur springs at Baden, near Vienna,

by M. Kretschy.—On the spectra of the chemical elements and

their compounds, by M. Ciamician.—Contributions from chemical

laboratory in Brunn.—Influence of temperature on galvanic

conductivity of liquids, by MM. Exner and Goldschmiedt.

—

Behaviour of taurine in the system of birds, by M. Cech.—On
peculiar products of mykotic keratitis with the reaction of amy-
loid, by M. Frisch.—On heat conductivity of cotton, wool, and

silk, by M. Schuhmeister.—Anatomy of the optic thalami and

neighbourhood, by M. Schnopfhagen.—On the laws of nerve-

excitation, by M. Fleischl.

Paris

Academy of Sciences, August 20.—M. Peligot in the chair.

—The following papers were read :—Meridian observations of

small planets at the Greenwich and Paris observatories, during

the second three months of 1S77, communicated by M.
Leverrier.—Observations on a recent work of M. Hebert,

relative to the exceptional winter of 1S76-7, by M. Faye. The
phenomena are attributed by M. Hebert to a succession of

strokes of sirocco with descending whirling motion, which have
communicated the heat and drought characteristic of them.

Forty-one distinct gyrations were observed in December alone.

The sirocco stroke, which caused the very mild dry weatlier in

the beginning of the year, belonged to three great cyclones

which came, like all the others, from the Atlantic.—Examina-
tion of documents relative to a scientific expedition to Peru in

1735 to 1743, by M. De la Gournerie. The documents contain

what is perliaps the first reference to platina, also references to

M. Bouguer's celebrated memoirs, on attraction of mountains,

not known till ten years afterwards (1749).—On an example
of reduction of Alielian integrals with elliptic functions, by Prof.

Cayley.—Properties common to supply pipes, canals, and rivers,

with uniform regime (continued), by M. Boileau. The influence

of resistance of the walls on the decrease of velocity of the

liquid sheets (starting with the principal liquid thread) is

proportional to the square root of the intensity of this resist-

ance.—The plague in 1877; third reappearance in Bagdad;
two centres of origin in Persia; by Ur. Tholozan.

—

Results obtained by application of sulphide of carbon to vines

attacked by phylloxera, by M. Allies.—Discovery of a new
planet by Mr. Watson (telegram from Mr. Joseph Henry).

—

Discovery of two satellites of Mars by Mr. Hall, at Washington,
by Mr. Henry.—On a stellar system in rapid proper motion, by
M. Flammarion. The stars in question (which are considerably

apart) are 7510 B.A.C. and 2810 2 (the second is double).

They move in the same direction and with nearly the same
velocity, which exceeds much the ordinary average of proper

motions. The direction of motion is nearly opposite to that of

the sun's translation in space.—On the characters of flames

<^harged with saUne powder, by M. Gouy. The observations

^eem to show that there is at the base of the flame a very thin

jayer, where the temperature is much higher than in the flame
'tself.—Researches on the chromates, by M. Etard.— Cerebral
anaemia and congestion produced mechanically in animals, by
attitude or by a gyratory movement, by M. Salathe. Rabbits
kept in a vertical position, with head up, showed, after some
time, symptoms of syncope, also convulsions. Respiration and
heart-beats finally ceased. Reversal of position quickly restored

the animal. Centrifugal force (the animal being rotated on a
board) gave much more rapid cerebral ansemia or congestion,

according as the head or feet were towards the centre of the

board's motion. While it took about ten minutes to produce
death by cerebral anaemia thus, it generally took at least double

to produce it by congestion.—On the coloration of the optic

elements in the Locusta ziridissima^ by M, Chatin. There
is a considerable similarity to the same parts in Crustacea.

—Phenomena which accompany metamorphosis in the Libd-

luta dt'piessa, by M. Jousset de Bellesme. It is by swal-

lowing air and storing it in its alimentary canal that the

Libellula obtains the force necessary to accomplish most of its

transformations (displacement of the wing, &c. ). The mecha-
nism is probably general in this class of animals.—Observations

on falling stars of the month of August, by M. Chapelas. The
number observed is the smallest since 1S37.—On the heat which
may be liberated by movement of meteorites through the

atmosphere, by M. Govi.—The upper Devonian limestones of

the north of France, by M. Gosselet.—On the physiological

balance and its applications, by M.Grandeau. This instrument

is to represent by curves the gains or losses of weight of any
matter (soil, plant, animal, &c. ), placed in one of the scales.

M. Gosselin submitted for inspection a new dLinimeter, consisting

of a small wooden rule suspended by a wire connected to a non-

central point in it. A certain weight is placed at the end of the

longer arm, and a piece of the body to be examined is hung from

the shorter arm so as to give horizontal equilibrium. Then this

piece is immersed in water and the weight on the longer arm is

displaced till equilibrium is restored. The weight then indicates

the density by its position on the scale.
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NATURE AND CONSTITUTION OF MAN
A Philosophical Treatise on the Nature and Constitution

ofMan. By George Hairis, LL.D., F.S.A. (London:

George Bell and Sons, 1877.)

DR. HARRIS has long been known as one of those

social scholars who combine with much modern
learning a great deal of the learning of the ancients. He
is essentially an antiquary in science, and he has obviously

collected and brought under ready command a fine array

of authorities of various schools of thought and of many
centuries. In the two handsome volumes which now lie

before us, Dr. Harris has collected a rich store of the

historical work of which he is so fond, bearing on the

history of man in relation to his life and his physical and

mental constitution. The author tells us in the preface

that the object of his work is " to afford a comprehensive

and complete survey of the nature of man as regards his

intelligent being ; to exhibit the direct and immediate

connexion of each department in his constitution, with its

corresponding relation ; and to demonstrate the uniform

mechanism of the whole as one entire and consistent

system."

In the first of these volumes we meet with a preliminary

dissertation containing " certain collateral considerations

and conclusions concerning the nature of man ; " and
touching on such details as "the origination and produc-

tion of animated bodies," " the constitution of animated

bodies," "man in relation to both substance and spirit,''

" essence of spiritual being and the nature of the soul,"

" operations of spiritual beings," and similar topics. A
good way further on in this volume we reach the first

" book," which treats on " the medial nature and consti-

tution of man," and which, under the five heads of " sen-

sation, emotion, appetite, passion, and affection," brings

the volume to its close.

In the second volume we have first put before us, in

" book the second " the subject of " the moral nature and
constitution of man." This is discussed under three

heads—" moral disposition and character," " the moral

desires," " the conscience." Finally, in the same volume we
have the third and last book treating on "the mental nature

and constitution of man," and embracing under the different

subdivisions " the intellectual faculties," " the faculty of

understanding," " the faculty of reason," " the faculty of

genius," " the memory," " the concurrent operation and

reciprocal influence of the various medial, moral, and

mental endowments and powers of the soul," and " mental

discipline and cultivation."

We have given the outline of these volumes in the

order in which they are set forth, because it affords

the best account of the matter of the volumes. None
but a steady reader will take the trouble to go through

so many pages of two closely reasoning volumes on sub-

jects abstruse and confessedly difficult, and we who have

steadily gone through them may therefore venture to

pilot others on the way.

As we lay down the volumes we find the difficulties of

. reviewing them very considerable. If we were dealing

with the works of a less earnest man than George Harris
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we should have no difficulty in finding some faults in

every page. If we did not understand, or did not think

that we do understand what he means by all the toil he
has expended on these two books, we might say that the

toil was all labour lost, and that to the making of books
there is no end. In a word there is scope in the volumes
for the critic of all minds all intelligences and all senti-

ments. The scholar might question the history, the

experimentalist the science, the ////t>-(i/t'«r the style, the

metaphysician the metaphysic ; and all, within common
rules of criticism, might be severe and at the same time

fair.

The truth as it seems to us is that Dr. Harris in the

whole of his work has not really endeavoured to set forth

any new and original idea of his own absolutely, while yet

he has, at the same time, proceeded on an idea which is

not destitute of originality. He has striven like a true

antiquarian to locus in his own mind the learning of

others old and new and best on the subjects upon which
he is treating, and then he has tried to plant on his pages

his own view as a compound of the complete study. The
conception is erudite and laborious to a singular and
almost painful labour. It is a work in character with the

mental form of a man who has been engaged all his life

in judicial pursuits (as by the way is the case with Dr.

Harris), and while, therefore, it is free of all fancy, it gives

no such indication of individual analysis as shall separate

his idea of what he has read from his idea of any one
person whom he has read. He tells us, in fact, that

"during the progress of the work many hundreds of

minds have been dissected by the author," but he does

not tell us the further truth, because he is obviously un-

conscious of the fact, that he has tried to make one
dissection out of the whole.

We have said that in the mode of constructing the

chapters of these volumes there is an originality in deal-

ing with the accumulated learning of previous authors.

Another feature which is quite novel in literature is also

introduced by the author. He has laid other living

authors under contribution, and whether they agree with

him or differ from him he has published their views as

he received them, totidem verbis. In these cases he has

submitted his text, in proof, to the writers whose views he
solicited, and having obtained their opinions he has

tacked them on to the te.xt in notes. In this manner we
have presented to us the views of a number of authorities

on many of the most curious and important points in the

natural histories of men and animals. Let us give one

illustration.

In the chapter on the faculty of understanding in the

second volume Dr. Harris discusses or rather considers

the question whether inferior animals surpass the human
animal in any particular faculty. He reasons that they

do and adduces in proof of his opinion " the almost

intuitive knowledge which certain animals seem to pos-

sess of the virtues of particular herbs, as also of other

substances, earths and mineral waters, to which they

resort, successfully, in cases of sickness or bodily injury.

Their discernment in this respect," he adds, " is probably

owing to the great acuteness and perfection of their

sensorial organs, which also enable them to detect and

avoid poisons."

So much for the opinion of the author himself on this
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nice point. But he is not content to let the reader

rest on one opinion. He courts the views of nine other

authorities who, he thinks, may throw some light on the

subject. In this way we get opinions on one point of

science rendered by men who are writing purely from

their own knowledge without being aware that any one

else is adding a word on the topic under consideration,

viz., whether inferior animals have any special faculty

which man has not. The result is very curious.

Darwin, one of the authorities consulted, doubts the

opinion altogether. He knows of no facts making it

probable that animals perceive any qualities that are not

perceived by us. He does not believe that any animal

knows what herbs are poisonous, except through expe-

rience during former generations, by which an inherited

association or instinct has been acquired against any

particular herb. Quatrefages admits the view of the author

to a certain extent, and in some cases he believes it to be

necessary to admit the intervention of instinct, but he is evi-

dently very doubtful on the subject. Richardson doubts the

assertion altogether that animals resort to earths or mineral

waters as remedies. He also doubts whether animals avoid

poisonous vegetables, except in instances where the sub-

stances they refuse are distinctly odorous. He adds that

the evidence on the subject in favour of the animal over

the man is very small when it is carefully analysed ; and
certainly in regard to the avoidance of poisons by the

inferior animals, the faculty, "as he found by direct

observation, is extremely limited." It extends only to

the detection of odorous substances. Wallace believes

that the statement as made by the author is " unfounded

and erroneous." Lubbock doubts whether the word
knowledge can be applied to animals, but agrees that

their senses are " in some respects more acute ; also,

perhaps, very different from ours."

These are negative or opposing views to those expressed

by Dr. Harris himself on the subject of the special

faculties of the inferior animals. But he adds the opinions

of other authors which go with his own on the point, and

in some instances are more determinately expressed. The
late Mr. Alfred Smee, Mr. Serjeant Cox, Dr. Carter

Blake, and Mr. Wood are on the side of our author.

We have selected but one example of this incidental

inflow of thought from other minds into Mr. Harris's

pages. We could have found many more illustrations,

some of which are of equal interest, and we have no

doubt that in a future day, when all the writers are silent,

as, alas ! some already are, these footnotes will be quoted

—

as extracts from letters of past men are quoted now—as

evidences of thought quite unpremeditated, but still as

correct reflexes of the minds that gave them forth.

We turn to the chapter on " The Faculty of Genius,"

in the third book as a good illustrative type of the

chapters generally. Dr. Harris here strives to fix a

definition to the word genius. In accordance with his

rule, he gives the definitions of many scholars and meta-

physicians respecting genius, and thereupon he adds his

own definition. " The faculty of genius," he says, " may
be defined to be that power of the mind whereby it is

able to produce results which cannot be attained by the

common and ordinary faculties for receiving knowledge

and reasoning upon it." Genius, therefore, produces

results which no^exercise.of common or ordinary faculties,

however energetically they may be employed, could pro-

duce—results which are quite beyond the sphere of such

ordinary faculties, " and of a nature altogether different

from anything produced by them." " Thus," he continues)

"while by understanding and reason we receive ideas and
compare them, by genius we are enabled to create them
anew altogether, through the original combinations which
we accomplish. While the former faculties only enable

us to import and to select our wares, the latter enables us

to make them ourselves."

From this definition the author proceeds to state that

the faculty of genius, like that of understanding and
reason, will be found to be constituted of certain inde-

pendent capacities. These he classifies under different

heads, viz., the capacity for wit ; the capacity for taste ;

the capacity of organisation ; and the illustration of the

nature of these capacities, under the last of which heads

there is appended a most interesting note by De Sainte

Croix. Further on he writes under other heads, on the

distinctive functions, operations and appliances of each

of the different capacities of genius ; the corresponding

characters in the action of each of these capacities ; on
art as the especial province of the faculty of genius ; on
the extent and limit of the operations of genius.

Here, in summary, is the scope of this essay of our

author on genius. From his point of view, that genius

is a special faculty belonging to a particular class of men,

it is an admirable treatise in itself. It ought to have
been supplemented by a special chapter on genius in

relation to families and races, without which chapter it

may be considered, by some, to be diffuse, uncemented,

and unsymmelrical ; an edifice that may easily fall down
and is not artistically laid out. For all that it is a com-
manding construction, wanting in genius but elaborate in

labour. It is, in fact, a striking illustration of one of the

author's own definitions. The best part of the essay is that

in which the attempt is made to prove that the faculty of

genius is especially connected with art. It will occur to

all who think on this matter that there is in the idea a

subject for careful consideration. If it should be true,

the admission of its truth would lead to considerable

modification in historical appreciations of work in

science. It strikes us at once, as we glance back at the

history of science, that the true men of genius in science

have all been strongly imbued with artistic feeling and

knowledge, and it strikes us also that some men who are

known only as artists in literature or painting, or other

true art, have made very singular and original contri-

butions to science. But the theme is too fruitful of

suggestion to be followed out here. We leave it for the

study of those who have leisure as well as learning.

We replace Dr. Harris's volumes on our shelves in a

convenient place for handy reference, and we commend
others who have to think, write, and speak on the subjects

submitted for study to do the same. They will often find

the matter most useful as well as interesting, and although

at times they may wish that the exposition had been less

laboured, they will be grateful to an author who has

spared neither time, nor labour, nor expense, to give them
" the work of his life." We add, without hesitation, that

Dr. Harris's work, though it be little read in this age

of luxurious reading, will remain to be read as one of the

solid and enduring additions to English learned literature.
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SCIENCE IN THE ARGENTINE REPUBLIC

The Argentine Republic. Written in German by Richard

Napp, assisted by several Fellow-writers, for the

Central Argentine Commission on the Centenary

Exhibition at Philadelphia. With several maps.

(Buenos Ayres, 1876.)

Physikalische Beschreibung der argentinischen Republik,

iiach eigenen nnd den vorhandene7i fremden Beo-

,' bachtiin^ett en/uvrfen. Von Dr. Hermann Burmeister.

/ Erster Band : die Geschichte der Entdeckung und die

geographische Skizze des Landes enthaltend. (Buenos

Aires, 1875.)

^/ Acta de la Acadeniia Nacional de Ciencias Exactas exis-

tente en la Uni^tersidad de Cordova. Tomo I. (Buenos

Aires, 1875.)

Los Caballas Fosiles de la Pampa Ari^entina. Descriptos

por Dr. Hermann Burmeister, Director del Museo Pub-

lico de Buenos Aires. Obra ejecutada por drden del

Superior Gobierno de la Provincia de Buenos Aires,

para ser presentada en la Exposicion de Filadelfia.

Con viii. Ldminas Litografiadas. (Buenos Aires, 1875.)

ON several previous occasions ^ we have alluded to the

excellent work in science accompUshed by Prof-

Burmeister, or under his supervision, since that eminent

German naturalist took up his residence in the Argentine

Republic. A batch of books, which has now, we regret

to say, been lying before us for some time, testifies to his

unabated activity in the good cause, and requires a (ew

vi-ords of acknowledgment and explanation. The first of

these, originally written in German by Richard Napp, but

translated for the benefit of the Anglo-Americans, gives a

general physical and commercial account of the Argen-

tine Republic, prepared on the occasion of the Centenary

Exhibition at Philadelphia. It is, of course, rather super-

ficial, as is usually the case with such essays, but contains

a good deal of information, and will be useful to the many
Angl^'-Saxons who are now settling in various parts of the

country of which it treats.

Next we have the first volume of a complete physical

description of the Argentine Republic, by Dr. Burmeister

himself, which when finished will, as we understand from
the introduction, contain a much more complete account

of this extensive territory and its products than any work
that has yet appeared. The present portion of it gives us

the history of the discovery of the country and an account

of its physical geography. Subsequent volumes will con-

tain a general resnme of its natural history and geology.

A French edition as well as a German will be issued, and
a folio atlas will contain the necessary illustrations.

The third work on our list is the first volume of the

"Acta" of the National Academy of Sciences of Cor-

dova, which, as we have explained to our readers on

former occasions, has been recently re- constituted under
Dr. Burmeister's directorship. It contains contributions

to science by some of the members of the new profes-

soriate, the organisation of which has caused our excel-

lent friend so much embarrassment. Dr. Stelzner and
Dr. Brachebusch treat of various points in the geology
and mineralogy of the Argentine Republic. Dr. D. C.

Perg contributes an essay on the Lepidoptera of Pata-

ATURK, vol. iil. p 2S2 ; vol. vii. p. 240"; and vol. xii. p. 145.

gonia, based upon collections made during an excursion

to that country in 1874.

Lastly, we have an excellent memoir by Dr. Bur-

meister on the Fossil Horses of the Pampas formation

written in Spanish and German, and prepared, as it

appears, on the occasion of the International Exhibition

of Philadelphia. Eight well-executed lithographic plates

illustrate this important work, which is executed in the

same style as other excellent essays of the indefatigable

author that we have already noticed on former occasions.

An Appendix contains a complete list of the mammals of

the Quaternary Pampian formation, remains of which are

contained in the Public Museum of Buenos Ayres. From
this it appears that between fifty and sixty species are

represented more or less perfectly in this unparalleled

series, amongst which are many specimens that, in spite

of the richness of our own paljeontological collections,

might well excite the envy of Prof. Owen and Mr.
Waterhouse.

OUR BOOK SHELF
United States Commission of Fish and Fisheries. Part
in.—Report of the Commission for 1873-74 and
1874-75. (Washington Government Printing-office,

1876.)

This volume is quite as interesting as any of those which
have preceded it, whilst the amount of reliable information
it brings to a focus, not only regarding the fish and
fisheries of the United States, but of the fisheries of

Gieat Britain, Sweden, Prussia, Holland, France, and
Russia, is remarkable ; nor are the historical observa-
tions on the condition of the fisheries among the ancient
Greeks and Romans, and on their modes of salting and
pickling fish less interesting. The volume is throughout
so rich in statistics and details of piscicultural labour that

we feel embarrassed as to what part of it to notice first
;

to give a detailed account of the contents is simply
impossible in anything like the space we can afford. As
readers of Nature may be aware, the present volume is

one of a series having for its object an exposition of the
present state of the American fisheries, and in particulur
showing the extent to which the seas and waters of the
United States have been over-fished, and how far the
systems of artificial fish culture at present in vogue
provide a remedy for the reckless spoliation of the waters
which has been going on for the last twenty years.

Familiar as we are with the figures of fish-culture, so far

as they are locally applicable to British enterprise, and
whether in respect of oysters or salmon, any details we can
give are utterly dwarfed by the fabulous-looking figures

applicable to what has been achieved in America. The
young salmon which have been thrown into the River Tay
from the Stormontfield hatching-ponds since the beginning
of the experiments in 1853 up to the present time, will not
be equal to the operations of one season on the Upper
Sacramento; in 1875 the salmon eggs collected numbered
1 1,000,000, making a bulk of eighty bushels, and weighing
nearly ten tons ! 1 hese eggs, so carefully packed that

only a small percentage was wasted, have been largely

distributed over America, and will doubtless ultimately

add largely to the fish supply of the United States.

Another fish which has been subjected to the mani-
pulations of the pisciculturists on a positively gigantic

scale IS the shad, Alosa sapidissiina, and the fish locally

known as the " alewife," Fomolobiis pseiido-liarengus.

These fishes were at one time (forty years since) exceed-
ingly abundant in the Potomac river, so much so that as

many as 22,500,000 shad and 750,000,000 alewife were
captured in six weeks' time. Only a small percentage of
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these numbers can now be taken. Enormous quantities of

shad have been bred from the egg and sent into the

waters in order to renew the supply ; many millions of

healthy young fish are thus annually added to the stock,

and fresh rivers are now being populated with shad.

Another fish to which the commission has of late

directed its attention is the carp, Cypriniis carpio, and var.

It is a fish which is thou^jht to be eminently calculated

for the warmer waters of America, and especially suited

to the mill-ponds and sluggish rivers and ditches of the

south. Some most interesting information is given about
the carp and its numerous varieties, but it is too detailed

for quotation. Another noteworthy feature of American
fish-culture is the transport, in " an aquarium car," to the

coast and inland waters of California, of various fishes

and crustaceans of North America, in order to test the

question of whether they could be acclimatised in the

warmer latitudes of the Pacific. The first experiment
failed through an accident on the railway, but on June
12, 1874, the car arrived safely with its interesting freight.

Out of a lot of 150 lobsters which were placed in the

aquarium car, only four, however, were left alive on reach-

ing San Francisi o B.iy, and these were put into the sea

at Oakland Wharf, nine days after they had been taken
from the Atlantic Ocean. It is thought probable that the

four specimens did not ultimately live, but as two of the

four were big with spawn it is probable the eggs would
come to maturity, as the death of the parent does not kill

the spawn. Lobster eggs, unlike fish ova, are fructified

before they leave the body of the animal.

An interesting account is given in the present volume
of the American oyster fisheries.

LETTERS TO THE EDITOR
[The Editor does not hold himsei/ responsible for opinions expressed

by his correspondents. Neither can he undertake to return^

or to correipond with the writers of, rejected matmscripts.

No notice ts taken of anonymous cornniunuations.

The Editor urgently requests correspondents to keep their letters as

short as possible. The pressure on his space is so great that it

is impossible otherwise to ensure the app arance even of com-
viunications containing interesting and novel facts.'[

Indian Rainfall and Sun-spots

Since my last communication to you on the above subject I

have had some correspondence with Mr. Hill, the meteorological

reporter to the North-West Provinces, in the course of which he
has given me a more definite account of the results of his inves-

tigations. The outcome of our joint researches may be broadly
stated as follows :— In years of maximum sun-spot the summer
rainlall is ahojie and the winter rainfall beloiu the average, while

in years of minimum sun-spot the reverse conditions hold, viz.,

the summer rainfall is beiotv and the winter rainfall aboiie the
average.

Though the preceding hypothesis can only be considered at

present in the light of a probability, it is considerably strength-

ened by the fact that, unknown to each other, Mr. Hill and
myself have each taken it as the basis of our separate, and until

recently, independent lines of inquiry. Mr. IIill has already
sent in a short report to Government of the results of hts own
investigations, which he roughly states in the following words :

—

*' I have examined the rainfall of Benares, Allihabad, Agra,
Bareilly, Roorkee, Dehra, Mussoorie, and Naini Tal, since 1861,

and I find that on the average the total annual rainfall of the

maximum sun-spot years 1S61, 1S69, 1870, and 1S71, is about

14 per cent, above the average for the whole period, and that of
the minimum group 1866, 1867, and 1868, about 4 per cent,

below it. On the other hand, when only the win/er rainfall is

considered, the defect in maximum sun-spot years is about 21
per cent, of the average winter tall, and the excess in minimum
sun-spot years is above 20 per cent." Unfortunately no furihtr

data appear to be available in the North-West Provinci-s, as

during the mutiny decade, 1851-18(10, no rc>,ister was ke('t, and
belore the mutiny the Schlagintweits took away to Germany most
of the old rainfall records. The results, however, as far as they

go, are in complete accordance with those I have obtained from
a similar comparison of some of the rainfalls in Bengal.

The chief obstacles in the way of making a thoroughly
complete and exhaustive comparison of the rainfalls throuLihout

Northern India are (1) the paucity of registers, and (2) the
limited periods over which they extend. In the single case of
Calcutta the latter objeciion does not apply, since by dint of
some trouble I have succeeded in obtaining the monthly as well

as the annual falls for a period of forty years, from 1S33 to 1876
inclusive. As this comprises four complete sun-spot cycles, the

results are extremely valuable, especially as they tend to exhibit

what Prof. Balfour Stewart considers to be the true test of a
physical cycle, viz., its repetition.

I here append a comparison of the rainfall of Calcutta, for

the months of January, February, and March, arranged in four

groups of minimum and maximum sun-spot years, together with

the years immediately preceding and following them (except in

the case of the former, where the rise after the minimum is often

very rapid).

1842)
1S43

1844!
1854
1855

1875
1876

1877

Total of all
j

the groups,
j

Total of each
group.

inches.

7 -So

7-29

14 -60

4258

1836)
1837

[
1838)
18471
1848

1849 >

Total of each
group.

3-54

1870

6-42

976

Total of all
]

the groups.
\

26^40

In addition to this it may be noted that the total fall during

the same three months of the four absolute minimum sun-spot

years 1S43, 1856, 1867, and 1877 (probable minimum) is I5'98

inches, while that of the four absolute maximum sun-spot years,

1837, 1848, i860, and 1870, reaches only the insignificant

amount of 2 48 inches. Similar results are obtained if the

month of April and the months of November and December of

the preceding years are respectively included, thus evidently

showing that the relation is one connected with the seasonal

distribution of the rainfall and not merely a coincidence, resulting

from having taken the rainfalls of special months.

If we treat the rainfall ot Dehra, from 1861 to 1S77, in a
somewhat similar manner, by taking the rainlalls of January,

February, and the previous December, and consider 1861, 1862,

and 1863 to approximately represent a maximum group, the

results are as follows:—

Minimmn sun
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unison with the sunspot periods, at all events enough to warran'

further and more complete investigations being made on the

point. I will not trespass on your valuable space further than

to add a similar rouijh indication of the inverse relation that

holds in the case of the summer rainfalls. They will be seen to

be greatest in years o( maximum sunspot.

In the fullowinj; };roups the rainfall of Dehra is taken for the

months of June, July, August, September, and October during

which the south-west monsoon rains fjll. I give the separate

rainfall durmg these months for each year, as well as the totals

and averages.

Ma.vi
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communicated to the Smithsonian Institution, and by it,

to the European observatories.

We subjoin the principal results of Prof. Newcomb's
calculations on the first ten days' measures, extracted

from a circular for which we are indebted to the

superintendent of the U.S. Naval Observatory.

For the outer satellite Prof. Newcomb finds :

—

Major axis of apparent orbit at distance [9'S93o] 82"'5

Minor axis ,, ,,
'^^"'^

Major axis of orbit at distance unity 32"'3

Position angles of line of apsides of apparent orbit. .70°. ..250°

Passagethrough west apsis (/= 250°)... Aug. igat l6h'6 W.M.T.
Inclination of true urbit to the ecliptic 25""4

Longitude of ascending node 82°'8

Peiiod of revolution 30I1. 14111.

Hourly motion in aveocentric longitude Ii'-gi

These elements give for the mass of Mars
3,090,000

For the inner satellite Prof. Newcomb finds-

Major axis of apparent orbit at distance [9'593o] 33"'o
Passage through eastern apsis (/= 70").,, Aug. 20 at i3h'oW.M.T.
Period of revolution 7h. 3Sm'5
Hourly motion in areocentric longitude 47'"li

If we refer the position of the orbit of the first satellite

to the earth's equator, the ascending node will be found
to be in 46°4, and the inclination 36° 2. The real dis-

tances of the satellites from the centre of Mars are about
14,500 and 5,800 miles respectively.

Prof. Newcomb, writing to the New York Tribune on
August 22, gives some particulars relatmg to the new
satellites. He remarks that the first question which will

naturally arise is, Why have these objects not been seen
before.'' The answer is that Mars is now nearer to the
earth than he has been at any time since 1S45, when the
great telescopes of the present day had hardly begun to

be known. In 1862 when Mars was again pretty near
to the earth, we may suppose that they were not looked
for with the two or three telescopes which alone would
have shown them. In 1875 Mars^was too far south of

the equator to be advantageously observed in these
latitudes. The present opportunity of observing the
planet is about 'he best that could possibly occur. At
the next opposition in October, 1S79, there is hope that
the satellites may be again observed with the great
telescope at Washington, but Prof. Newcomb thinks that
during the following ten years, when owing to the great
eccentricity of the orbit of Mars, he will be much further
from the earth at opposiiion,the satellites may be invisible
with all the telescopes of the world. In the present year
it is hardly likely that they will be visible after October.
The satellites may be considered as by far the smallest
heavenly bodies yet known. " It is hardly possible to
make anything like a numerical estimate of their
diameters, because they are seen in the telescope only
as faint points of light. But one might safely agree to
ride round one of ihem in a railway car between two
successive meals, or to walk round in easy stages durin^:' a
very brief vacation. In fact, supposing the surface of the
outer one to have the same reflecting power with that of
Mars, its diameter cannot be much more than ten miles,
and may be less. Altogether these objects must be
regarded as among the most remarkable of the solar
system." Prof. Newcomb further points out that we may
regard M. Leverrier's mass of Mars as the product of a
century of observation, and several years of laborious
calculation by a corps of computers, while from the
measures on four nights of the new satellites, ten minutes'
computation gives a mass which is in striking agreement
with that of the dlustrious astronomer of Paris.

The D'Angos Comet of 1784.—In continuation of our
remarks upon this object, so long considered apocryphal

(Nature, vol. xvi. p. 124), we proceed to notice an investi-
gation by D'Arrest, undertaken in 1865. He refers to a
somewhat confused note in Cooper's '• Catalogue of
Cometic Orbits," where the orbit given by D'Angos is

introduced " with no slight misgivings," though the writer
thought his note was " considerably opposed to Encke's
statement," on what precise grounds, however, is not very
apparent. And D'Arrest considered the essay in Zach's
work may have received undue colouring from the editor,
and a further proof of the non-existence of the comet is

required.

Deducing the sun's places from the Tables of Hansen
and Olufsen, D'Arrest compares the fourteen days' obser-
vations given by D'Angos in Bernouilli's and Hinden-
burg's Magazine, with the best of two orbits calculated by
Olbers from them, and finds what he terms " horrenden
Abweichungen." A similar comparison by means of
elements selected from numerous sets computed by
himself, exhibits also great differences, so that his first

conclusion is identical with that arrived at by Olbers and
Encke, the comet's places are irreconcilable with para-
bolic motion about the sun. On applying the general
method of the Tlieoria motus he was led to extra-
ordinarily small distances from the earth, in perfect
agreement with the results obtained by Encke on a
different method of procedure.

D'Arrest then introduces the consideration of the
geocentiii hypotliesis. We are certain of cases where the
orbits of comets have undergone an entire change
through the action of the planet Jupiter, and there is now,
he urges, no difficulty in accepting the idea of an insig-

nificant and small vaporous mass, passing with a retro-

grade motion in such close proximity to the earth, that
the case treated of in the " M(?canique Celeste," book ix.

chap, ii., may enter. The question is a complicated one,
and D'Arrest contents himself with examining whether in

the series of observations of the comet, there is anything
to contradict the hypothesis that for a time it was moving
as a satellite of the earth. Necessarily omitting parallax,

he finds on this geocentric assumption the following
elements :—Time of passage by the perigee, April 1 5 1 3649
mean time at Paris ; ascending node 90° 52' 9"

; inclina-

tion 43" 8' 23"
; distance of perigee from ascending node

128° 7' 59" ; eccentricity 0^97320, and least distance from
the earth in units of the semi-axis major of the moon's
orbit 3 82290 ; motion, retrograde. When now the
comet's distances from the earth are found from the
observed angular motions, and again direct from the
elliptical elements, a comparison shows that the angular
motion with respect to the earth corresponds well with
the law of areas, and the latitudes from this approximate
calculation are sensibly better represented, than on the
supposition of heliocentric motion.
The general conclusions arrived at by D'Arrest from

his investigation appear to be these : that theimpossibihty
of the observations published by D'Angos and the obvious
imposition previously attributed to him are not in accord-
ance with evidence. The comet may have been moving
for a time virtually as a satellite of the earth, or while
passing very near to it may yet have been without the
sphere of attraction, the definition of which is perhaps
somewhat arbitrary. The difficulty and uncertainty
attending further research, and the expense of time and
labour necessary, induced D'.\rrest to nst satisfied with
havmg thrown a more satisfactory light on the observa-
tions of the second comet of 1784, or at least of proxing that
a small body moving under certain conditions might have
occupied the positions in the heavens attributed to it.

We have yet to give some account of a paper by Gauss
on this subject.

The First Comet of 1877 (Borrellv, February 8)
—The elements of this comet, so far as yet published,
appear to depend upon an interval of observation of eight



Sept. 6, 1877] NATURE 399

days only. The following orbit by Mr. Hind is founded
on positions between February 8 and March 11 :

—

Perihelion Passage, 1S77, January l9'iS369, G.M.T.

Longitude of Perihelion 200 4 iS o
j
M. Eq.

„ Asrenriin^ No.ie ... 1S7 15 7-0 i
1877-0

Inclination to Ecliptic 27 5 24 i

Log. Perihelion Distance 9'9°7'3°3
M otion—retrograde.

There seems to be no sensible deviation from the

parabola.

BIOLOGICAL NOTES
New Work on Birds.—We have received the

prospectus of a new work by Dr. A. B. Mayer,
Director of the Royal Zoological Museum of Dresdei),

to be entitled " Abbildunj^en von Vogel-Skelttten,"

in which he signifies his indention to publish, in parts,

figures of the skeletons of rare or little-known bird.^.

Eich part is to contain ten plates of large quarto
size, one of which, representing the skeleton of the

e.xtremely uncommon parrot from New Guinea, Dasyp-
tilus pccqucti (Lesson) accompanies the prospectus. It

is a phoio-lithograph, and differs materially from any
other wh'ch we have seen in one important particular,

namely that the bones of one side only are depicted,

which is a great advantage, as it prevents the confusion
unavoidably associated with the repre-entation of the
whole structure The illumination of each bone and the

focus of every part is most satisfactory, more so in many
respects than any drawing could possibly be. .Short

coiTimentaries, with measurements, will accomp-iny each
plate. It is proposed that Part I. shall contain figures of

Loiii'uhis cutacissi, Charmosyna josepkince, Meropogon
forsteni, Paradisea papuana, dcDiiirus regius, Maiin-
coaia chalybea, P/ilopiis spL-a'osus, Otidiphaps iiobilis,

and Callus bachiva (from Celebes). In the series is also

to be included the skeletons of the several domestic
pigeons and fo*ls. We hope that Dr. Mayer will have a
large subscription to this valuable addition to ornitho-

logical literature.

The Bodv-Cavitv i.m the He,\d of Verteer.\tes.
— It has hitherto been regarded as a point of distinction

between the mouth, throat, and gill region of vertebrates,

and the rest of the trunk, that in the former no splitting;

of the body wall took place in early development, while

in the trunk the body-wall becomes sharply separated
from the contained viscera, and a cavity arises between
them, part of which is the peritoneal cavity. Mr. Balfour

{Join: Anal., April, 1877) has announced the discovery

in sharks of a head-cavity on either side of the throat,

dividing the growing tissue into an inner and an outer wall.

When the visceral clefts (future gill-slits, iS:c.) appear,

they subdivide these cavities into smaller ones. The
head-cavity even grows forwards as far as the eye, and
ultimately there is a series of cavities : (i) a premandibular,

(2) a mandibular, (3) a hyoid, (4) a series in the branchial

arches. These cavities ultimately atrophy, but their walls

become developed into muscles, and they answer to the
muscle-plates of the rest of the body. Thus this discovery
gives inlormation of a most valuable kind as to the seg-

mental relations of the head to the rest of the body,
besides furnishing a glimpse of a primordial condition in

vertebrates which had till now remained unknown.

Fish-eating Birds.—Mr. Joseph Willcox has recorded
an interesting observation on the crow blackbirds of
Florida {Quiscalus purpiiyciis). Standing on the bank of

a river in Florida, he noticed a commotion among a
congregation of crow blackbirds, which were an.xiously

looking into the water. A large bass was pursuing its

favourite food, the small fry, and the latter, in their frantic

efforts to escape, jumped out of the water, and many of

them fell on the land. The blackbirds, evidently experts
at the game, immediately pounced upon the small fish,

and swallowed them before they could get back into the
water. {Proc. Acad. Nat. Sci., Philadelphia, 1877.)

Ants' Domestic Animals.—Prof Leidy ( Phila-ielphia)
has observed colonies of F.flava in possession of several
kinds of insects at once. A comparatively small assem-
blage of them had three groups, an aphis, a coccus, and
the larva of an insect, apparently coleopterous. The
aphides were kept in two separate herds, and these were
separ-Tted from a herd of cocci. In a larger colony of
ants there was a collection of aphides occupying the under
part of one margin of a stone, for ten inches long by
three-quarters of an inch wide. A distinct group of
cocci, closely crowded, filled a square inch. They all

appeared to be carefully attended to by the ants.

A Whale in the Mediterranean.—M. P. J. Van
Beneden ha'j made a short communication to the Aca-
demic Royale de Belgique, published in that Society's
Bulletin, with reference to a letter by M. Capellini, on
a true whale captured in the Mediterranean Sea, near
Taranto. The Italian author suggests the new specific

name Palana tarantina, but M. Van Beneden much
more reasonably thinks it most probable that it is a stray
specimen of B. biscayensis.

THE LATE MR. CASSIOT
\^7E last week announced briefly the death of Dr. J
' "^ P. Gassiot, and now give some account of the prin-

cipal scientific results obiained by him. Mr. Gassiot,
partner in the firm of Martinez Gassiot and Co., wine
merchants, Mark Lane, first devoted his spare time to
electrical experiments about the year 183S. An Electrical
Society was formed about that time in which he took an
active part. At one of the meetings it was observed
that when the two copper wires forming the poles of a
powerful voltaic battery were crossed and drawn asunder
so that the voltaic arc passed between them, the positive
terminal became heated to incandescence, while the
negative remained comparatively cool. This excited
great interest in Mr. Gassiot's mind and led him to make
several experiments, but without thoroughly explaining
the phenomenon. In the course of these experiments he
procured powerful batteries, first of Daniell's construc-
tion, then of Grove's, and ultimately a large water
battery.

It had been observed by many writers (principally
Continental) that while the dynamic and chemical effects

of the voltaic battery increased in intensity in proportion
to the increasing chemical action in the cells of the
battery, the static effects, such as the repulsive action in
a gold leaf or pith ball electroscope, the spark, the power
of charging a Leyden phial, &c., were more intense when
the battery was charged with water and had consequently
but a feeble chemical action in the cells. This anomaly
puzzled electricians much, and though sought to be
explained by various hypotheses, was a great stumbling-
block in the way of the chemical theory of the voltaic
battery.

Mr. Gassiot had been led to attach great value to good
insulation between the cells of the battery, and he pro-
cured to be made a Grove battery (the most powerful
chemical battery known) of 100 glass cells, all having
long glass stems, and separated from each other. This
battery gave very powerful chemical results, and a voltaic
arc of great brilliancy ; but, what was of the greatest
importance, he found that with this battery the static

eflects, or effects of tension, were greater than those of an
equally-sized water battery. The puzzling anomaly was
thus explained ; the reason why the chemical battery had
seemed inferior in tension to the water battery was that
from the effervescing liquids, the close approximation of
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the cells, and their being moistened with good conducting

liquids, insulation was destroyed, and no static effects at

the terminal, or very feeble ones, were perceptible. This

re'^ult, by far the most important of Mr. Ga-siot's labours,

was published in the Phil. Trans, of the Royal Society

for 1844, p. 39. It got rid of the strongest objection to

the chemical theory of the pile, and broujht into harmony
results which up to that time had appeared discordant.

In 1852 Mr. Grove had published in the Phil. Trans.

of the Royal Society, in a paper " On the Electro-Chemical

Polarity of Gases," an account of transverse dark bands

or striae, which he was the first to observe in the electric

discharge. The discharges were obtained from a Ruhm-
korf cnil, and made to pa-s through attenuated gases, or

what were comm >nly called vacua. Mr. Gassiot made a

vast number of experiments on these strije, the most

important of which was that he obtained them in a

Torricellian vacuum with the voltaic arc, showing that

they did not depend on the intermittence of the discharge

(occasioned by the contact-breaker), but accompanied all

electric discharges in vacuo. There is, perhaps, some
doubt whether the voltaic arc is absolutely continuous, or

whether it does not produce, by its action on attenuated

gas, somelhintr like waves (a stone thrown into water may
be a lOugh simile), but at all events it is continuous in its

inception, and in that respect quite different from the

interrupted discharges of the contact-breaker apparatus,

or the common electrical machine.

Mr. Gassiot devoted himself for a long time to procuring
vacua as perfect as they could be obtained, for the

examination of the electric or voltaic discharges, and
proved distinctly that when the attenuation was pushed
to a high degree of rarity, the electric discharge would
not pass at all, a result which had been observed by
Morgan {Phil. Trans., vol. Ixxv.), the accuracy of whose
experiments was impugned by Davy.

Mr. Grove, as an answer to the contact theory of the

voltaic pile, had shown that if two polished plates, one of
zinc, the other of copper, were approximated, but kept
from contact by a thin film of paper or mica, and then
separated, the electric effects, alleged to be due to the

contact of dissimilar metals, were produced ; it was ob-
jected to this experiment, and not without reason, that

these effects might be produced by friction of the paper
or mica. Mr. Gassiot effectually got rid of this objection

by bringing the plates into close proximity by a delicate

micrometer apparatus and then quickly separating them
;

the same electrical results followed {Phil. A/aq., October,

1844).

The above are the principal of many curious results

obtained by Mr. Gassiot. While thus giving up his

leisure time to science, he was a diligent and successful

man of business and a liberal promoter of, and contribu-

tor to, all useful scientific and benevolent objects, some of

which we mentioned in our previous notice.

TNE SPECTRUM OF NOVA CYGNI

IN the Monatsbericht of the Royal Academy of Sciences

of Berlin (May, 1877), Herr Vogel, the eminent

astronomer, publishes the details of his investigafons of

the spectrum of the new star in Cygnus, and whdst ex-

pressing his own views with regard to the physical con-

dition of the star, enters upon a criticism of those of

other observers. Herr Vogel observed the spectrum on
sixteen different nights ; the first observaton was made
on December 5, v. hen the star was of 4'5 magnitude;
the last on March 10, when the magnitude was only

8'3-

Herr Vogel's observations show that the spectrum of

the new star was a continuous one, showing numerous
dark lines and bands and several bright lines. The
intensit\ of this continuous spectrum, which at first was
very brilliant, decreased rapidly, so that three months
after the di-covery of the star it was only partly visible,

and even that part was very faint. The decrease of in-

tensit) did not spread evenly over the whole spectrum
;

the blue and violet rays grew fainter far more rapidly

than the green and yellow rays. The red part of the

spectrum, which already during the first observations was
very dim a' d crossed by broad absorption bands, soon dis-

appeared altogether, so th.'it a bright line in the red seemed
to reniain quite isolated. At first a dark band in the

green, and, later on, a very broad dark band in the blue,

were particularly conspicuous. With the exception of a
bright line in the red, the other bright lines at first sur-

passed the continuous spectrum but very little in brilliancy

;

they could therefore be seen only with difficulty. During
the rather rapid decrease of intensity of the continuous

spectrum they, however, became more easily discernible,

and, as results from the measurements made, the hydro-
gen lines Ha and H/3 were particularly bright, and, later

on, a line of 499 mill. mm. wave-length. This latter line

remained longest when the spectrum faded away, and
finally surpassed the hydrogen lines in intensity ; the red
hydrogen line was the first to grow fainter. The weather
not having been very favourable, the measurements which
Herr Vogel made have no ciaim to very great accuracy,
but they at least prove that the following bris;ht lines

have appeared in the spectrum :

—

1. The hydrogen lines uo ! beyond doubt.

Hy most probably.

2. A line of 499 mill. mm. wave-length (± i mill. mm.).
This line coincides tolerably well with the brightest line in

the nitrogen spectrum under ordinary pressure ; it is the

same line which is brightest in the spectra of nebula;.

3. An indistinct line of 580 m. mm. wave-length.

4. An indi'itinct line of 497 m. mm. wave-length. This
nearly coincides with a close group of lines in the atmo-
spheric spectrum.

5. Some bright lines were seen in the neighbourhood of
b and E, but their position could not be measured. On
December 5 two lines were measured in the blue (of 474
and 470 wave-lengths', and were also observed on Decem-
ber 8, but, later on, only the second one has again been
seen as an indistinct band of 467 wave-length.

In the accompanying illustration (Fig. 2) we reproduce
Herr Vogel's drawings, which supplement his observa-

tions, and, as he points out, contain many a detail which
could not well be described in words.

Herr Vogel, in discussing the views of other astrono-

li... i.-Coinu's .Sptcirum of ^ov.^ Cjg,.i.

mers, first deals with M. Cornu's observations. M. Cornu several bright lines in the spectrum, viz., wave-lengths,
made his first observations on December 2 and 5 (see 661 (Ha), 588, 531, 517, 500, 483 (H /i), 451, 435 (Hy).
Nature, vol. xv. p. 158); he succeeded in measuring He saw no dark bands distinctly in the] continuous
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spectrum, " because," says Herr Vogel, " he doubtless

observed with a spectroscope of too great a power of dis-

persion, and therefore many details escaped his notice.

This supposition is confirmed by the drawing, published

in the Comptcs Rcndus (t. 83, p. 1,172), where M. Cornu
represents the spectrum as consisting of two parts, and,

which contains no other details besides the bright lines'

As the line 588 wave-length, measured in the star spec-

trum, csnesponds closely with D3, also the line 531 wave-

length, with thewell-known corona line (531,6 wave-lengths)

and finally the line 517 wave-length, with the middle of

the magnesium lines b, M. Cornu draws the conclusion

th\t with regard to chemical composition the atmosphere

of the star coincides completely with the chromosphere

of our sun :
" en resume, la lumifere de I'tftoile parait

possdder exactement la mcme composition que celle de

I'enveloppe du soleil, nommee chromosphere." Herr
Vogel, however, thinks that this conclusion is not alto-

geiher justified, since a line (500 wave-length), which

does not occur in the chromosphere was distinctly visible

with the other bright lines in the spectrum, and it

eventually became the hriolitesi line of the whole spec-

trum. Comparing his own observations with those of

M. Cornu, Herr Vogel points out that they agree per-

fectly with regard to the presence of the three hydrogen
lines, and that of the brightest line of the atmospheric
spectrum, or the principal line of the nebute spectrum

(500 wave-length). He could not determine the position

of the bright green lines with sufficient exactness ; on
one day he found for them 527 and 514 wave-lengths
respectively, but these figures differ considerably from
M. Cornu's ; this is still more the case with the lines in

the blue, for which he finds 466 wave-length, while M.
Cornu has 451 wave-length. The line 5SS wave-length

of M. Cornu was observed by Herr Vogel on one occa-

sion, but was not again seen afterwards.

Father Secchi, in a short note in the Astronomisch:
Naclirichten (No. 2,116), says that M. Cornu's description

of the spectrum of the new star is correct, with the

exception that the bright lines were not indistinct but

well defined, like lines in spectra of nebula;. Father

Secchi observed on January 7 and 8, when Herr Vogel

also saw the lines well defined. He is very positive that

one of the bright lines is a hydrogen line, another a

magnesium line, and a third a sodium line ; this, in Herr
Vogel's opinion, is decidedly a mistake, because on

January 8 the lines in the vicinity of the magnesium
group were quite faint, and no bright line near D was to

be seen. According to Herr Vogel, the bright lines which
Father Secchi saw were a considerable distance away
from the sodium and magnesium groups respectively,

their wave-lengths being 500 and 580.

Mr. Copeland, who worked with a star spectroscope of

Herr Vogel's construction, which was connected with the

15-inch refractor of Lord Lindsay's observatory, made the

first observation on January 2, when the star was of 7th

magnitude. He found the spectrum to be remarkably
bright and consisting of a faint, continuous spectrum,

crossed by five bright lines, of which he determined the

following wave-lengths :—(l) 655, intense bright red
;

(2) 581, middle of a rather bright band in the yellow,
j

fading off rapidly on both sides ; (3) 504, and (4) 486,

bright, well-defined lines
; (5) 456, faint line in the violet.

Nos. I and 4 are the hydrogen lines ; No. 3 is the brightest

line of the nebulae spectrum. On January 9, when the atmo-

sphere was particularly favourable, Mr. Copeland observed

two other lines, of 594 and 414 wave-lengths respectively.

The first was a " very narrow line," the second " exces-

sively faint, but still certainly and repeatedly seen." In the

vicinity of about 525 wave-length, Mr. Copeland observed

the maximum of intensity of the continuous spectrum. Mr.

Copeland's observations agree very well with those of

Herr Vogel ; the only exception being the violet line (456)

for which Herr Vogel found a greater wave-length. Line

414, observed by M. Copeland, may possibly have been the

fourth hydrogen line HS, if 414 is not a mistake of the

printer and should be 434, as it would be strange if Mr. Cope-

land had not seen the third hydrogen line H y (434) which

was distinctly visible. Mr. Copeland pointed out that the

line of 580 wave-length corresponds closely withalinewhich

Herr Vogel observed in the spectra of three faint stars, also

belonging to Cygnus, which, have quite abnormal spectra.
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and Herr Vogel owns that, however small the similarity

between these spectra and that of the new star may have
been at first, a certain resemblance appeared when the

latter grew fainter ; not only the line in question coin-

cided with one in these spectra, a coincidence was
also evident in a maximum of brightness in the blue

(467 wave-length) and in a dark broad band close to this

maximum.
Mr. Backhouse, of Sunderland, observed the spectrum

on January 26, and found the brightest line to be of 503
wave-length. He remarked in a note to Nature (vol.

XV. p. 295), that at the end of December, not this line but

line F was brightest ; Herr Vogel's observations quite

agree with those of Mr. Backhouse.
In summing up and in his final remarks on this subject,

Herr Vogel first of all declares that he cannot agree with

M. Coinu's view as expressed by this observer in the

following phrase :

—
" Malgre tout ce qu'il y aurait de

seduisant et de grandiose \ tirer de ce fait des inductions

relatives i I'dtat physique de cette dtoile nouvelle, a sa

temperature, aux refactions chimiques dont elle peut etre

le siege, je m'abstiendra de tout commentaire et de toute

hypothese .\ ce sujtt. Je crois que nous manquons des

donnees necessaires pour arriver a une conclusion utile,

ou tout au moins susceptible de controle
;

quelque
aitrayantes que soient ces hypotheses, il ne faut pas
oublier qu'elles sont en dehors de la science, et que loin

de la sei vir, elles risquent fort de I'entraver."

Herr Vogel thinks that the fear that a hypothesis might
do harm to science is only justifiable in very rare cases

;

in most cases it will further science, in the first place

because it draws the attention of the observer upon things,

which, without the hypothesis, he might have neglected.

Of course, if the observer is so strongly influenced, that in

favour of a hypothesis he sees things which do not exist

—

and this may happen sometimes—science may for a while
' be arrested in its progress, but in that case the observer

is far more to blame than the author of the hypothesis.

On the other hand it is very possible that an observer
may—involuntarily—arrest the progress of science, even
without originating a hypothesis, by pronouncing and
publishing sentences which have a tendency to diminish
the general interest in a question, and which do not place

' its high significance in the proper Ught. Herr Vogel is

alir.ost inclined to think that such an effect might result

from the reading of the above phrase by M. Cornu, and is

of opinion that nowhere better than in the present case,

where in short periods colossal changes showed themselves
occurring upon a heavenly body, the necessary data might
be obtained for drawing useful conclusions, and the test

of those hypotheses which have been ventured with regard
to the physical condition of heavenly bodies, might be
made.
A stellar spectrum with bright lines is always a highly

interesting phenomenon for any one acquainted with
stellar spectrum-analysis, and is well worthy of deep
consideration. Although in the chromosphere of our sun,

near the limb, we see numerous bright lines, yet
only dark lines appear in the spectrum whenever we
produce a small star-like image of the sun and examine it

through the spectroscope. It is generally believed that

the bright lines in some few star-spectra result from gases
which break forth from the interior of the luminous body,
and the temperature of which is higher than that of the
surface of the body, /.(., the same phenomenon we
observe sometimes in the spectra of solar spots, where
incandescent hydrogen, rushing out of the hot interior,

becomes visible above the colder spots through the
hydrogen lines turning bright. But this is not the only
explanation. We may also suppose that the atinosphere
of a star, consisting of incandescent gases, as is the case
in our sun, is on the whole colder than the nucleus,
but with regard to the latter is extremely large. Herr
Vogel cannot well imagine how the phenomenon can last

for any long period if the first hypothesis be correct. The
gas breaking forth from the hot interior of the body will

impart a portion of its heat to the surface of the body
and thus raise the temperature of the latter ; conse-
quently the difference of temperature between the incan-
descent gas and the surface of the body will soon be in-

sufficient to produce bright lines, and these will disappear
from the spectrum. This view applies perfectly to stars

which suddenly appear and soon disappear again, or at laast

decrease considerably in intensity, i.e., for so-called new
stars, in the spectra of which biiglit lines are apparent, if

the hypothesis mentioned below is admitted for their

explanation. For a more stable state of things the second
hypothesis seems to Herr Vogel to be far more adapted

;

he thinks, therefore, that stars like |3 Lyra;, y Cassiopeiie,
and others, which show the hydrogen lines and line D,
bright on a continuous spectrum, with only small oscil-

lations of intensity, possess very large atmospheres in

proportion, consisting of hydrogen and the unknown
element which produces the line U3. With regard to the
new star Herr Vogel points to a hypothesis which Herr
Zoellner deduced from Tycho's observations of the star

named after him, long before the considerable progress
had been made in stellar physics by means of spectrum
analysis. Zoellner supposes that upon the surface of a
star, through the constant exhalation of heat, the products
of cooling, which in the case of our sun we call sun-spots,

accumulate in such a way that finally the whole surface of
the body is covered with a colder stratum which gives

much less light or none at all. Through a sudden and
violent tearing up of this stratunt the interior incan-
descent materials, which it incloses, must naturally break
forth, and must, in consequence, according to the ex-

tent of their eruption, cause larger or smaller patches
of the dark envelope of the body to become luminous
again. To a distant observer such an eruption from the
hot and still incandescent interior of a heavenly body
must appear as the sudden flashing up of a nczu star.

That this evolution of light may under certain conditions
be an extretrtely powerful one, could be explained by the
circumstance that all the chemical compounds which under
the influence of a lower temperature had already formed
upon the surface, are again decomposed through the
sudden eruption of these hot materials, and that this decom-
position, as in the case of terrestrial substances, takes

place under evolution of light and heat. Thus the bright

flashing up is not only ascribed to the parts of the surface
which through the eruption of the incandescent matter
have again become luminous, but also to a simultaneous
process of combustion, which is initiated through the
colder compounds coming into contact with the incan-

descent matter.

Zoellner's hypothesis on the gradual development of
heavenly bodies, as he states it in his " Photometric
Researches " (p. 231, &c.), has been confirmed in its

essoitiat points by the application of spectrum-analysis to

the stars. We recognise the difterent states of cooling in

the spectrum, and in the cases of some fainter stars we
have distinct data that in the atmospheres surrounding
incandescent bodies, chemical compounds may already
form and continue to exist. The hypothesis on //tzc stars is

in no wise contradicted by the spectral observations made
of the two new stars of 1866 and 1S76. The very bright

continuous spectrum and the bright lines, which at the
beginning only slightly exceeded its brilliancy, could not
be well explained if we only suppose a violent eruption
from the interior, which again rendered the surface (or

part of it) luminous, but are easily explained by the hypo-
thesis that the quantity of light is considerably augmented
through a simultaneous process of combustion. If this

process is of short duration, then the continuous spectrum,
as was the case with the new star of 1S76, will very quickly
decrease in intensity down to a certain limit, while the

bright lines in the spectrum, which result from the incan-
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descent gases tliat have emanated in enormous quantities

from the interior, will remain for some time.

The observations of the spectrum show beyond doubt

that the decrease in the light of the star is in connection

with the cooling of its surface. The violet and blue parts

decreased more rapidly in intensity than the other parts,

and the absorption bands, which crossed the spectrum,

have gradually become darker and broader.

Finally Herr Vogel regrets that the news of the dis

covery of the new star by Herr Schmidt was only known
so late, as doubtless during the first few days most
interesting changes must have occurred in the spectrum,

while the star rapidly decreased in brightness. Herr
Vogel recommends that in case of appearance of other

new stars no time should be lost before spectral observa-

tions are made, and points out that even with small

telescopes very useful results may be obtained, if care is

taken that spectroscopes are used of sufficiently low
power of dispersion.

The position of the new star with regard to two neigh-

bouring stars of magnitudes 91 and 94 Herr Vogel has
determined as follows :

—
Nova — if- gm'l (Bonn. Durchmtist., + 42°, 4184)
1877-0 Aa =- 25s'oo AS= + i'i5"'4

Nova - * 9in'4 {Bonn. Durckmust., -F 42°, 41S5)

18770 Aa = - 355-34 A5 = - l' I3"-2.

As the first of the comparison stars has been determined
at the meridian circle of Bonn, the position of the new
star is :

—

1877-0, 2ih. 36m. 523-48 -H 42" 16' S4"-5.

THE TELEPHONE '

TN the following paper I call instruments employed in the

transmission of musical sounds, tone telephones, and those

employed in the transmission of the human voice, articulating

telephones.

In the year 1837, Page, an American physicist, discovered that

the rapid magnetisation and demagnetisation of iron bars pro-

duced what he called "galvanic music." Musical notes depend
upon the number of vibrations imparted to the air per second.

If these exceed sixteen we obtain distinct notes. Hence, if the
currents passing through an electro-magnet be made and broken
more than sixteen times per second, we obtain "galvanic music "

by the vibrations which the iron bar imparts to the air. The iron

Fr.g.1^
a

bjr itself mparts these vibrations by its change of form each
time it is magnetised or demagnetised.

De la Rive, of Geneva, in 1843, increased these musical effects

by operating on long stretched wires which passed through open
bobbins of insulated wire.

Philip Reiss, of Friedrichsdorf, in 1861, produced the first

telephone which reproduced musical sounds at a distance. He
utilised the discovery of Page by causing a vibrating diaphragm
to rapidly make and break a galvanic circuit. The principle of

his apparatus is shown Fig. I.

h is a IioUow wooden box into which the operator sings through
the mouthpiece a. The sound of his voice throws the dia-

phr.\gm c into rapid vibration so as to make and break contact at

the pl.atinum points d ii each vibration. This interrupts the

current flowing from the batteries e as often as the diaphr.-igm

I Paper read by Mr. W. H. Preece, Memb. Inst. C.E., at the Plymouth
Meeting of the British Association. For the sectional cuts we are indebted
to En^neering,

vibrates, and therefore magnetises and demagnetises the electro-

magnet as often. Hence whatever note be sounded into the box
a the diaphragm c will vibrate to that note, and the electro-

magnet /"will similarly respond and therefore repeat that note.

Musical sounds vary in tone, in intensity, and in quality. The
tone depends on the number of vibrations per second only ; the

inttnsity on the amplitude or extent of those vibrations; the

quality on the form of the waves made by the vibratmg particles

of air.

It is evident that in Reiss's telephone everything at the receiv-

ing end remains the same, excepting the number of vibrations,

and therefore the sounds emitted by it varied only in tone and
were therefore notes and nothing more. The instrument

remained a pretty philosophical toy and was of no practical

value.

Cromwell Varley, in 1870, showed how sounds could be
produced by rapidly charging and discharging a condenser.

After alluding to the invention of Mr. Elisha Gray (Nature,
vol xiv. p. 30), Mr. Preece said :

—

It remained for Prof. Graham Bell, of Boston, who has been
working at this question with the true spirit of a philosopher

since 1S72, to make the discovery by which tone, intensity, and
quality of sounds can all be sent, fie has rendered it possible

to reproduce the human voice with all its modulations at distant

points. I have spoken with a person at various distances up to

thirty-two mdes ; and through about a quarter of a mde I have
heard Prof. Bell breathe, laugh, sneeze, cough, and in fact

mike any sound the human voice can produce. Without
explaining the various stages through which his apparatus has

passed, it will be sufticient to explain it in its present form.

Like Reiss he throws a diaphragm into vibration, but Prof.

Bell's diaphragm is a disc of thin iron a, which vibrates in

front of a soft iron core b, attached to the pole of a permanent
bar magnet N S (Fig. 2). This core becomes magnetised by the

influence of the bar magnet N S, inducing all around it a

magnetic field, and attracting the iron diaphragm towards it.

Around this core is wound a small coil c of No. 3S silk-covered

copper wire. One end of this wire is attached to the line wire,

tlie other is connected to the earth. The apparatus at each end
is identically similar, so that it becomes alternately transmitter

and receiver, first being put to the mouth to receive sounds, and
then to the ear to impart them. Now the operation of this

apparatus depends upon the simple fact that any motion of the

diaphragm <; a'ters the condition of the magnet field surrounding

the core /', and any alteration of the magnet field, that is either

its strengthening or weakening, means the induction of a current

of electricity in the coil c. Moreover, tire strength of this

induced current depends upon the amplitude of the vibration.

and its form or the rate of vibration. The number of cur ents

sent of course depends upon the number of vi brations of the

diaphragm. Now each current induced in the coil c passes

through the line wire to the coil t', and then it alters the

magnetisation of the core b^, increasing or diminishing its attrac-

tion for the iron diaphr.agm a^. Hence the diaphragm a} is

vibrated also, and every vibration of the diaphragm a must be
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repeated on the diapliragm a with a strength and form that

must vary exactly together. Hence, whatever sound produces
the vibration of n is repeated by a', because its vibrations are an
exact repetition of those of a.

It is quite evident, however, that Bell's telephone is limited in

its range. The currents opeiating it are very weak, and it is so

sensitive to currents that when attached to a wire which passes

in the neighbourhood of other wires, it is subject to be acted
upon by every current that passes through any one of those
wires. li'rnce, on a busy line, it emits sounds that are very like

the pattering of hail against a window, and which are so loud as

to overpower the effects of the human voice.

Now Mr. T. A. Edison, of New York, has endeavoured to

remedy these defects in Bell's by introducing a transmitter which
is operated by battery currents, whose strength is made to vary

directly with the quality and intensity of the human voice. In

Bell's Aiticulating Tduph

cairjing out his investigations in this field he his discovered the

cuiious fact that the resistance of plumbago varies in some ratio

in\ersely with the pressure brought to .bear upon it. Starting

fri-m Reiss's transmitter he simply sulistitutes for the platinum
point (</) a small cylinder of plumbago, and he finds that the

resistance of this cylinder varies sufficiently with the pressure of

the vibration of the diaphragm to cause the currents transmitted
by it to vary in form and strength to reproduce all the varieties

of the human voice. His receiver also is novel and peculiar.

In 1S74 he discovered that the friction between a platinum point

ar.d moist chemically-prepared paper varied every time a current

was passed between the two, so th.at the rate with which the
paper moved was altered at will. Now by attaching to a
resonator n a spring /', whtse platinum face c rested on the

chemically prepared paper d, whenever the drum e was rotated

experiments (see

and currents sent through the paper,^ the friction between c and a
is so modified that vibrations are produced in the resonator c,

and these vibrations are an exact reproduction of those given out
by the transmitter at the other station.

Edison's telephone, though not in practical use in America, is

under trial. In some experiments made with it songs and words
were distinctly heard through 12,000 ohms, equal to a distance
of 1,000 miles of wire.

BcU's telephone is, howevfr, in practical use in Boston, Pro-
vidence, and New York. There are several private lines that

use it in Boston, and several more are under construction. I

tried two of them, and though we succeeded in conversing, the
result was not so satisfactory as experiment led one to anticipate.

The interferences of woiking wires will seriously retard the
employment of this apparatus, but there is no doubt that scientific

inquiry and patient skill will rapidly eliminate all practical

defects.

To Prof. Graham Bell must be accorded the full credit of
heing the first to transmit the human voice to distances beyond
the reach of the ear and the eye by means of electric currents.

THE BRITISH ASSOCIATION
REPORTS.

Report of the Committee, consisting of the Rev. H. F. Barnes,

C. Spince Bote, Esq., H. E. Dresser, Esq. (Secretary), Dr. A.
Giinther, f. E. Hurting, Esq., f. Gwyn Jeffreys, Esq., Prof.

Ntwion, and the Rez'. Canon Triitram, appointedfor the pur-
pose of inquiring inio the posiibihty of establisJiing a Close

Time for the Protection of Indigenous Animals.—Your Com-
mittee bef;s leave to report that the object for which it was
appointed continues to receive a considerable shate of public

a tentior, and that during the past year the three Acts of Par-

liament establishing a close time for certain kinds of birds have
attracted so much notice that there is no fear of their falling into

neglect.

There is no sjinptom of the diminution of the interest which
the .Sea-birds Preservation Act (1S69) has alw.iys excited ; and
within the past twelve months application for the extension of

the close time has been made, according to the provisions of that

.\ct, by the Jtistices in Quarter-Sessions of Northumberland,
Lancashire, and the North Riding of Yorkshire—facts which
suthciently speak for the general appreciation of the measure.

The \Vild Birds Protection Act (1S72) is possibly viewed by
the public with greater favour than either of the othei s ; but

your Committee sees little reason to modify the opinion of it

expressed in former reports. Nevertheless a conviction under

it, presenting some rather important features, in May last, indi-

cates that it is not so entirely useless as had been th ught.

Tne Wild Fowl Preservation Act (1S76) came into operation

this year, and at first undoubtedly caused some discontent in

many quarters, a warm discussion of its principle and proviiions

being raised by a portion of the public press. Your Committee,

however, has noticed with much satisfaction that viitually no
objection was taken to its principle, while the necessity of some
enactment of the kind was conceded on almost every side.

Furthermore, very nearly the sole cause of complaint lay in

regard to the limits of the close time therein imposed, on which

point no blame attaches to your Committee. The limits of the

close .time proposed in the Bill, as draughted by your Com-
mitttee, and introduced into Parliament, were, as stated in la.st

year's report, altered in its passage through the House of Com-
mons ; the change being such as your Committee then declared

did not meet with its approval. Your Committee is therefore in

no way responsible for the unseasonableness of the close time

which was enacted, and believes that the soundness of its views

on the subject is now generally admitted. In confirmation of

this belief it may be stated that the Justices in (Juarter-Sessions

of the counties of Dorset, Norfolk, Kent, Somerset, Southamp-

ton, Wigtown, and Essex, have severally made application to

the Home Office for such an alteration of the close time as will

brino it more or less nearly in accordance with that originally

proposed by your Committee.

Another charge was brought against this Act. It was alleged

to be imperfect in that it did not expressly prohibit the possession

or sale, during the close time, of birds of the kinds professedly

protected, which had been imported into this country from

abroad. This charge was supported by the dismissal (on the latter

ground) by two m.agistvates of 'nformstions laid against certain

poultrymen or game-dealers in London, and if it could have been
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sustained would undoubtedly have proved the Act to be defec-

tive. But the Royal Society for the Prevention of Cruelty to

Animals appealed against one of these decisions ; and on June 1

5

judgment was given in the Common Pleas Division of Her
Majesty's Court of Appeal against the defendants in the cafe,

thus proving that the legal interpretation of the Act agreed with

the intention of its promoters.

Vour Committee has satisfaction in finding that the Fisheries

(Oysters, Crabs, and Lobsters) Bill passed the House of Com-
mons on August 2, and it has now doubtless become law. It

appears curious that no close time had hitherto been provided

by the legislature for these important and favourite articles of

food.

Having regard to the applications made from time to time to

different members of your Committee by various persons inte-

rested in seeing the close time principle more widely applied,

your Committee respectfully solicits its reappointment.

SECTION A.

—

Mathematical and Physical.

Prof. S. Haughton gave a summary of the first reduction of

the tidal observations made by the recent Arctic expedition.

The results arrived at were of great importance, and as far as

tidal observations were concerned, the late Arctic expedition was
a complete success ; they also came in at the right moment for

comparison with those made in the Polaris expedition. Lieut.

Archer had charge of the tidal observations made on board the

Discovt-ry, and his notes were as complete and valuable as any
he had ever examined. The Discoz'ery was anchored at Bilhow
Harbour ; the Alert lay off Cape Sheridan, and was in every

way less favourably situated for observing the action of the tides.

The Discovery rose and fell with every tide, while the Alert, on
the contrary, was surrounded by grounded ice of a formidable

kmd. Observations were made on board the Discovery every

hour, instead of once in four hours, as required by the instruc-

tions. It was an unprecedented feat that during seven months
observations were made every hour, and that there were only

six days in the whole course of that time in which he had to

interpolate coeliBcients. The Alert's observations required

coefficients for fifteen days. The results obtained by Dr. Bessel

from the Polaris expedition were confirmed by the English

expedition, viz., that there was a junction of two important tides

in the largest portion of Smith's Sound. The position of the

Discozt ry was much nearer to the point of meeting, and this

afforded another reason why her observations were more valuable

than those of the Alert. It seemed that a new type of tide had
been discovered, which could not be confounded either with

that from Baffin's Bay or that from Behring's Straits, thus con-

firming Sir George Kaies's opinion that Greenland is an island,

as this new tide could only have come round from tlie east coast

by a northern route. This stronger tide also presented a feature

of great promise in tidal theory, indicating the probability of

actual measurable tides occurring every eight hours. Dr. Moss,
of the Alert, who was present, explained the very different con-

ditions under which the two ships wintered.

Sir William Thomson read a joint paper by himself and Capt.

Evans On the Tides of Port Louis (Mauritius) ami Freemautle
(Australia). The investigation had been undertaken in const-

quence 01 the recent Government grant for scientific researches.

A sum of 200/. had been voted from this grant on the urgent

representations of Capt. Evans and himself for the purpose of

investigaiing the tides of the southern hemisphere, and m.aking

certain definite advances in the investigation of the tides in other

parts of the wo: Id, particularly in the Mediterranean. The first

proceeds of the work done was the present paper. The obser-

vations showed that there was a very near approach to equality

between the solar diurnal tide and the lunar diurnal tide. The
diurnal tide at Liverpool and Freemantle was about the same,

but the semi-diurnal tide at Liverpool was about two hundred
times as great at Liverpool as at Freemantle. He hoped that

as the investigations were continued, they would be able not

only to obiain scientific results but to obtain a practical way of

giving tidal ir formation in a form which would be use'ul to

sailors—a Oe-ideiatum that had not yet been obtained. Hitherto

the theory ot ttie Go.ernment had been that the information

given in the Admiralty tide tables was sufficient for the practical

purposes of navigation ; and it was on that theory that Mr. Lowe,
when Chancellor of the Exchequer, refused the application of the

British Association for assistance in the matter. The fact was

that the Admiralty tables did not give all that was necessary for

the purposes of navigation, so that at all events the reason given
by Mr. Lowe was a bad one. However the money had now
been obtained from the Government grant of 4,000/. for scientific

purposes ; a grant, the working of which would, he hoped, more
than fulfil all the aspirations of those who looked forward to it

as a great boon to science, likely to produce results beneficial to

the whole world.

Prof G. Carey Foster gave an interesting paper On the Mode
of stating Certain Elenuntary Facts in Electricity, and Mr. J.
Traill Taylor described a binocular microscope of high power
which Capt. Abney stated overcame the many difficulties in the

way of obtaining microscopic pictures. Mr. S. P. Thompson
exhibited some new optical illusions, which were much appreciated

by the section, and also an improved lantern galvanoscope ; and
Alessrs. C. H. Steam and J. W. Swan exhibited a new form of the

Sprengel air-pump. Among the other papers were An Account of
some Recent Advances in the Lunar Theory, by Prof. J. C. Adams ;

On the Eclipse of Agathocles considered in Reply to Prof. New-
comb''s Criticism on the Co-efficient of Acceleration of the Moon's
Mean Motion, by Prof. S. Haughton ; On the Lo2oer Limit of
the Prismatic Spectrum, by Lord Rayleigh ; On a New Unit

of Light for Photometry, by Mr. A. Vernon Harcourt ; On a
Ncio Form of Apparatus to Illustrate the Interference ofPlane
Waves, by Mr. C. J. Woodward ; and On the Physical Pro-
perties of Solids and Liquids in Connection with the Earth's
Structure, by Prof. Hennessy. This last paper referred to

experiments made by the author on the motion of fluids with a

view to determine the conditions of viscidity and friction by
which such motions are influenced. The principal results had
been communicated to the Royal Irish Academy ; the inves-

tigation had reference to Hopkins's theory of the great thickness

of the earth's crust.

Mr. W. H. Preece gave an account of the telephone (which

we give elsewhere), with illustrations, and this excited much
interest in the section. On a later day Dr. J. Graham Bell, who
arrived at Plymouth during the meeting, gave a series of ex-

periments with the telephone before Sections A and G con-

jointly to a large audience ; it is scarcely necessary to say that

the telephone was the chief attraction of the meeting.

The supply of valuable papers in Section A was very good,

and the meeting, as far as this section is concerned, was a
successful one, ttiough the attendance was not so large as last

year at Glasgow. On account of the number of papers it was
necessary to divide the section into two parts on Monday and
Tuesday, Prof. Cayley and Lord Rayleigh being respectively

the chairmen of the sub-sections on these days. On Monday
the sub-section was occupied wholly with matnematics. There
were papers by Prof, de Haan On the Variation of the Modulus
in Elliptic Integrals, by Prof. Cayley On a Suggested Mechanical

Integratorfor the Calculation of an Integral
f

(X d. + y dy)

along an Arbitrary Path, by Mr. J. W. L. Glaisher On the Values

of a Class of Dettriniftants, and Ori the Enumeration ofthe Primes
in Burckhardt's and Dase's Tables, by Mr. H. M. Jeflfery On
Cubic Curves, and by Sir William Thomson On Solutions 0/

Laplace's Tidal Equation for Certain Special Types of Oscillation.

Prof. J. C. Adams gave An Accountof his Calculation oj the first

Stxty-tioo Bernoulli's Numbers. Only thirty-one had been pre-

viously calculated. Prof. Adams had also calculated the value

of the sum of the reciprocals of ttie first thousand integers to

260 decimals, and thence, by means of the Bernoulli's numbers,

the value ot Euler's constant also to 260 places.

At the conclusion of the business of the section Sir William
Thomson re erred to the great loss the Association had sustained

by the death of Mr. Gassiot, which took place on the first day of

the meeting.

SECTION C—GEOLOfiY.

On the Exploration of some Caves in the Limestone Hills in

Fermanagh, Ireland, by T. Plunkett.—This paper gave an
account of trial explorations begun in the caves in question.

They will nrw be carefully explored by a committee 01 the

Association, aided by a grant from its funds. Large numbers of

bones associated with human remains are found in cave-earth

under stalagmite. The author also states that " a human jaw
was found imbedded in glacial clay and associated with scratched

stones." It is evident that the caverns here are of great interest

and importance.
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On the Origin and Antitjuily of the Mounds of Arkansas,

U.S., by Prof. J. W. Clarke.—The mounds vary from three to

five feet high, and are from fifty to 140 feet in diameter. The
author suggests that they were evolved from the simple carn-

hillock by a race of men who followed the retreating glaciers.

A Short Sketch of the finding of Silurian Rocks in Tcesdale,

by W. Gunn, F.G.S.— It has always been believed that no

rocks lower than the carboniferous limestone are exposed in

Teesdale. The recent work of the Geological Survey has

proved that certain peculiar beds at the Cronkley Pencil Mill

are not carboniferous, but silunan. Messrs. Gunn and Clough

have lately described these beds in a paper read before the

Geological Society. The notes submitted to the Association

record lurther discoveries of Silurian beds near Widdybank

Farm. They probably belong to the Stockdale series of pale

slates.

Note on the Correlation of certain Post Glacial Deposits in

West Lancashire, by C. E. De Ranee, F.G.S.—This paper

described the post-glacial drifts of the Ribble Valley, and com-

pared them with the drifts of the Lancashire Plain. The sub-

merged forest of the coast and the peat of the plains are continuous

with the peat of the valley. They contain beech-nuts. The

Ribble has excavated its valley in glacial drift to a depth of from

150 to 200 feet ; the sea at the same time has cut back the coast,

forming a lowland plain on which the forest grew ; subsequently

the dr.iinage became obstructed and the peat was formed. A
subsidence of the land of some seventy feet or more submerged

the peat and forest.

On the Influence of the Positions of Land and Sea upon a

Shijlino of the Axis of the Earth, by A. W. Waters, F.G.S.—
The author pointed out how the unequal distribuiion of land

and sea may be an agent in preventing the movements of eleva-

tion and depression of the land in one part of the globe, balancing

those in another, and further showed how similar movements in

various localities would differenily affect the pole.

Any movement such as a submarine elevation which displaced

water would spread it over the oceanic area, and the effect of this

would, with the present configuration, be the same as if about

one-t-Aclfth of the weight had been added in the southern hemi-

sphere along 45° 44' long. E., viz., in a line passing by the

entrance of the White Sea over the Caucasus through the middle

of Madagascar.

As every submarine movement would create a force acting in

this direciion there seems reasonable ground for thinking the

tendency would be for the shifting of the axis to take place near

this line. Dr. Jules Caret considers that the pole must have

moved approximately in a line passing through the meridian of

52° long. E., and what is cause, what effect, and how far they

react on one another, is fully worthy of examination by any

physical geologist.

The shifting caused by any elevation of land near the water or

poles is very slight, so that the effect of the water displaced is

up to about the fifth degree of latitude as great or greater than

that caused directly by the movement ol the land. From this it

is apparent that near the equator a submarine movement may
act on the pole in a contrary direction to that exercised by a

similar movement nearer 45° lat. As about one-eleventh of the

globe is included between the latitudes 5° N. and 5° S. the

effects of the movements here are specially worthy of con-

sideration.

The effects of the drying up of an ancient Caspian Sea was

taken as an illustration of the points brought forward. The loss

of water of double the area of the Caspian evaporating to a depth

of about 200 feet would by the lots of weight of water, shift the

pole about 166 feet towards the White Sea, but as this water

would be so distributed as to cause additional weight along

45° 44' long. E. in the southern hemisphere, it would shift the

pole sdll further in the same direction, making a total of about

176 feet. If there were a Caspian Sea in the south along this

line then similar phenomena would cause a movement of 156 feet

as against 176 feet in the north.

On the Source and Functions of Carbons in the Crust of the

Earth, by A. J.
Mott.—Plants get their carbon from the air,

and as carbon deposits in the earth's crust, from the graphite of

the Laurentian to the Lignites of the Tertiary, are believed to

be derived generally from plants, the origin of those deposits

must be looked for in the source of the atmospheric supply.

Calculations based on the reports of the Royal Commission on

Coal, and other data, show that the average quantity of unoxi-

dised carbon of vegetable origin in the earth's crust cannot be

ess, and is probably many times greater, than 3,000,000 tons

per square mile of surface. This is 600 times as much as the

atmosphere now contains in the form of carbon-dioxide, and if it

had been drawn from an atmosphere originally char^jed with it

to this extent, the oxygen liberated in the process would have
been twice as much as now exists. As all animal life is

destroyed by any considerable change in the constitution of the

air; as it was abundant belorethe coal-formation, and as a great

part of the carboniferous deposits are of later date, the theory

becomes incredible. We are obliged to conclude thit the carbon
withdrawn from the air and returned to the ground by plan's,

has been annually supplied, and the liberated oxygen regularly

removed, and the only rational explanation is found in the

hypothesis that the oxygen and carbon are reunited ; in other

words, that carbon equal in quantity to the annual deposit is

annually burnt underground.

The objection to this, founded on the small quantity of

nitrogen in subterranean gase.s, is readily shown to be invalid.

The annual deposit of carbon, which is a measure of the quantity

annually burnt underground, is estimated at three cubic miles ;

the estimate being based on the annual produce and the known
facts concerning its destination.

It is shown that by this p'Ocess of oxidation and its physical

consequences, the heat developed internally is probably equal to

the annual loss, and that the earth, therefore, is not cooling.

The extent of geological change thus accounted for is alto

considered, and the quantitative deductions are compared with

known facts. It is conclu led finally that the carboniferous

deposits now existing can only be accounted for on the supposi-

tion of previous similar deposits, and consequently that nothing

is known at present as to the origin ol vegetable life, or

concerning any period before it existed on the earth.

On the Occurrence of Pehbles in Carboniferous Shales in West-

moreland, by G. A. Lcbour.—This was merely a note of occur-

rence of rounded and subangular pebbles of quartz or quartzite

(which were exhibited) in a bed of carboniferous sh'.le in Angill,

Westmoreland. The pebbles were "all of the same character, and
were probably derived from some of the Lake District rocks and
not from veins.

Notes on the A^e of the Chr<iot Rocks, by C;. A. Lebour,

F.G.S.—The Cheviot Hills consist of porphyrites, passing

into granite and syenite ; ashes and doleritic rocks also occur.

These igneous rocks are newer than the Silurians, on the

denuded upturned edges of which they re>t ; they are okler

than the lowest carboniferous (or tuedi.an) beds of Northumber-

land, for these rocks are in part composed of porphynte pebbles.

This evidence fixes the age of the mass of the Cheviots as

Devonian, or thereabouts. The author showed that on the

south side of the Cheviots, near the head of Rrdewater, there

are vesicular dolerites breaking through the tuedian beds ; else-

where (as in Punchestown Burn) there are doleritic breccias

Coniaining fragments of porph)ritic and lower carboniferous

rocks. Wc thus have evidence, in the Cheviot range, of rocks

of probably Devonian, tuedian, and Bcrnician age, belonging to

the same eruptive centre.

SECTION D.—Biology.

Department of Anatomy and Physiology.

Address to the Department by Prof. MacAlister,
Vice-President. .

After referring to the strength and independence now pos-

sessed by the sciences of animal morphology and physiology,

Prof. MacAlister referred to recent important advances in

embryohigy. Among researches respecting ihe early formation

and primary develo|inenial chani;es m the egg, he alluded to

those of E. van beneden, Biitschli, Ihering, and Oscar Hertwig,

classified under three heads. (l) What is the method whereby

the stimulus to development directly operates oa the egg ; (2)

What becomes ol the germinal vesicle ; and (3) In what manner

and from what source the directive corpuscles arise, and what

function do they serve in the animal economy. The next subject

dealt with was the history of the primitive groove of the fertilised

egg, as discovered by Dursy, Schiifer, Balt'our, and Rauber.

Prof. MacAlister could not but believe that a change had taken

place in the position of the embryo on the surface ol the germinal

disc in the evolution of vertebrates, and that the primitive grcove

was the heirloom of this ancestral change. Coming then to the

question of the origin of vertebrate limbs, the address referred to

the researches of Ballour and others, showing that the Umbs are
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the remains of continuous lateral fins. The professor then went
on to say :

—

The vertebrate animal is primarily composed of a cha'n of

similar segments, and there is no .! priori reison in morpholigy
why any one metamere should not b^ar limbs as wt^U as any
other. Nay, from the analogy of chas'oood worms we miylit

expect that—as in these each zonite iisually hears two pairs of

parapodia or stumpy foot-processes—so in similarly derived and
similarly segmented forms there might be at least traces of a

similar multiplication of appendages.

In effect we really do find a somewhat parallel series in the

metaroeres of fishes, for, as Mr. Balfour has shown, the medio-
dorsal fin comes into existence precisely in the same manner as

the lateral fin ridge, and being a double structure, as we leirn,

both in its specialised form and even in the structure of the

cartilaginous precursor of the interspinous bones, it may reason-

ably be supposed to represent structures homologous with the

system of notopodia in a latei ally-compressed worm, fused toge-

ther, while the paired fins may be regarded as the neuropodin,

separated by the visceral caviiy, and which, in the degraded and
compressed metameres behind the visceral cavity, also coalesce,

forming ano'her primary ridge, that of the anal and caudal fin.

In relation to the primary source of origin and method of

derivation of Inabs we have to account for two separate factors,

the Iraib-girdle and the lirab-rays ; with regard to the former I

can now only refer to the hypothesis of Gegenbaur and Dohrn,
that the limb-girdles represent modifications of the visceral

arches, and I pass this by with two comments :— I . That the

visceral arches are themselves to a certain extent specialised, and
consequently it would be better to state the hypothesis thus, that

the liinb-girdles and visceral arches are specialisations of corre-

sponding paraxial structures in different metameres. 2. In the

light ol the evident fundamental complexity of the limb-girdles

it seems a simpler explanation of phenomena to regard each

girdle as made up of the arches of several, probably three or

more, metameres fused, rather than as subdivisions of a single

arch.

As to the primary nature of the limb-ray. Professors Huxley
and Gegenbaur have taught us in their recent reconstruction of the

theory of the Archipierygmm, that the primitive limb was con-

structed somewhat like the limb-ray of Ceratoius, having a

central jointed axis from which diverge fore and aft lateral pro-

cesses, or, to use the elegant nomenclature of Prof. Huxley, the

primitive vertebrate limb consisted of a column of mesomeres,

to eaLh of which a lateral pre- and post-axial paramere was
articulated.

But even this form, though doubtless the stock from which
the limbs of all vertebrates above the Dipnoi have sprung, is

regarded, and with reason, by Gegenbaur as a derivative one,

formed by the coalescence of a still more archaic arrangement
of rays appended to the paraxial arches referred to above. It is

possible that the primary fusion may have taken such a form as

that which Gegenbaur represented in his original Archipterygium
with more than one cartilage appended to the girdle, a form of

which the arrangement in the dogfish and angel-shark may be
representative, and these, by a still farther concentration, attended

with an exaltation of the mesopterygium and a displacement of

the propterygium as in Hexanchus, or of the pro- and meta-

pterygium as in Cestracion, may thus reach the elongated form
of the limb in Dipnoi . It seems obvious that this fish Ceratodus,

though singularly genetalised, has arisen from a point in the

vertebrate stem above the starting-point of the elasmobranchs.

Whether this has been the case or no, whether the elasmo-

branch has been derived from an earlier condition than the

dipnoan progenitor or no, the researches of Prof. Huxley have
made it plain that it is from the meso-, and not from the meta-

ptervgium that the single basal ray bone of the higher vertebrates

has arisen.

A curious question will naturally occur to anyone considering

the genesis of limbs. What is the reason that in vertebrate

animals the number of limbs is limited, and apparently has

been always limited, to four ? and as we have seen that there is an

ontokigical possibility that each of these contains elements from

several metameres, there is no morphological reason, and there-

fore must be some mechanical cause for this limitation. Were
the primitive vertebiates terrestrial we could understand that the

tetrapod has a mechanical advantage over the tripod or any con-

dition with an inferior number of limbs, both statically from the

indeterminateness of the strain on each support in the four-legged

form, and in progression, from the easily understood conditions

of stabiUty of equilibrium in walking ; while the tetrapod excels

the hexapod or millipede not only because, by a reduction in

number, the amount of nutrition required for the use of the limbs
is minimised, but it is absolutely demonstrable that the facility

of rotation is increased by the reduction of the limbs to the
lowest number consistent with other conditions of utility. In
connection with this point Prof. Haughton has made some
curious observations, the results of which I hope we shall have
laid before us in thi>. department during our present meeting.

But the earliest vertebrates were aquatic, and yet even here
we find the four-fold division of these actival appendages.
These primitive forms differed from worms, in the greater
amount of fusion of their metameres, which at an early period
had ceased to give to these animals an externally jointed appear-
ance, so we may leain from Amphioxus, which has branched
from the veitehrate stem long before most of the secondary
characters, which are constant throughout the rest of the verte-

brates, had been foreshadowed. Being thus more consolidated

thm worms, and moving, as they would ni-cessarily do, m re as

a unit and less as a chain, the advantages of the moiHe of propul-

sion by a tail, over swimming by means of the continuous lateral

fin of united parapotia, would be increasingly manifest with
increasing somatic rigidity. Hence, naturally, the parapodia of
the hinder somites would coalesce to form a tail as ihey have
done in fishes, and the appendages placed far'her forward would
undergo retrogression unless some function could be found for

them which wou'd make their retention an advantage in the

economy. In the long worm-like firms like lam jreys, such a
retrogression has absolutely taken place, as in fishes of rhis form
the use of lateral fins is reduced to a minimum ; hence in the

elont;ated form of ordinary fishes, like eels, hand fishes, and
blennies, the lateral fins become radimental or varied. But
these organs are of obvious use in giving a capacity to

alter the plane of motion, a power which is necessary
for most fishes, as they only act in elevation and depres-

sion but in lateral rotation, as any one can verify for himself

by watching fishes in an aquarium. In order to accommo-
date these united lateral appendages mo.st conveniently to the

sinuous curves into which the body of a fish is thrown in swim-
ming, and to diminish the surface of resistance to the water, the

parapodia have divided themselves into two groups, leaving the

centre of the body, where the cephalic and caudal curves meet
during progression, free from lateral appendages.
The address concluded by a brief notice of work in human

anatomy. It was remarked that much remained to be done in

details even in this well-wrought department. We had not
available correct and broadly based statements regarding the
average conditions of the variable parts of the human body.
Considering that something like six hundred bodies were annually
dissected in Great Britain and Ireland, such a basis ought to be
easily attainable. In such work Prof. Wenzel Griiber, of St.

Petersburg, the prince of descriptive anatomists, was laborious

and indefatigable. Yet still much remained to be done to make
human anatomy a really scientific study, a practical application

of morphological principles.

One of the features of this department was Prof. Haughton's
discourse on the best possible number of limbs for an animal.
The criterion was the most economical expenditure of force,

according to mathematical principles. With regard to land
animals, it was shown that the three-limbed vertebrate is superior

to two and one-limbed forms, being perfectly stable when resting

on the limbs. The four-limbed vertebrate, however, was able

to preserve perfect stability on any three of its limbs, while
using the fourth for offence. There was for the most part no
advantage in having five or a greater number of limbs, the cost

of feeding the extra limb outweighing the advantage of possessing

it. Arboreal animals developed the tail as a filth limb because

of its special advantage in the medium in which they lived.

Man gave up the superior stability of having four limbs for

support in exchange for two adapted to higher uses, and in

correlation with his brain-power. In discussing the limbs of

aquatic .animals. Prof. Haughton showed how advantage in the

use of force and in directing motion was gained by concentration

of motor power and limitation of the number of limbs. The
three-limbed and one-limbed swimmers had advantages over all

others, and odd-limbed forms over even-limbed. In many
respects the three-limbed swimmers were superior to the one-

limbed, but the latter had the valuable quality of being able to

apply a maximum force in one direction, and so escape from

their enemies. Prof. H.iughton indicated fishes [as really pos-
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sessing one principal limb in the tail, the fins being only capable

of exerting a very slight force when compared with the tail.

The Rev. W. H. Daljinger described some of the processes

and resu't^ of his invesiigations into the life-history of the

simplest ort'ansms. Among the points especially dwelt upon
were the d'-velopmenf of four out of ivvo flatieila in his cilycine

monad alter fis>^ion ; the dete-mination of the diameter of the

tlat^i-lium of Bart'riuin lertno to he the two hundred and ten-

thousTndth ol an inih ; and special contrilmiions to the spon-

taneous eeneration question. Although the life-histories of the

forms examined were perfectly definite and distinct, yet the

result of his investiga'ions was 10 give a conviction of the truth

of Darwinian principles among simple forms at any rate. He
mentioiifd as a contrihu'ion to physiology the discovery that so

highly organised an Infusorian as Paramecium could live for a

lov'g period in Cohn's (inoryanic) solution. An important series

of experiments had been conducted with regard to the extent of

the adaptabilitv of monads to changed condilions of tem|ierature.

It had been found that they could, by gradual increments, be raised

from a temperature of 45° to one of 125°, and live and multiply

perfectlv ; hut a sudden transition of a much smaller extent was
immediafely fatal, as was aKo a sudden fall of temperature.

Another series of inquiries showed that it took much longer to

produce a modification in the ovum or germ than in the adult.

Prof. Rolleston, in a paper On the Vasculi?' Supply of the

Brain, ascribed right-handedness to the greater vascularity of

the left side of the brain. He further speculated on the probable

entire disappearance of the occipital lobe of the brain on

account of its deficient relative supply of blood. Prof. Allen

Thomson called attention to a remarkable series of photographs,

many applicable to the stereoscope, representing the blood supply

of various parts of the system. They were executed under the

superintendence of Prof. Dantscher, of Innsbruck, from prepa-

rations made by himself. Dr. \V. H. Pearse read a paper On
the Geography of Coiisuinpl on in Devonshire, claiming 10 demon-
strate that the wildes-t moorland districts had the lowest death-

rate from that disease. While England and Wales showed a

rate for con.sumption of 247 per 1,000, the rate for western

Darlmoor was o"37, and for the west of Exmoor 045. This
was notwithstanding the great rainfall.

Mr. G. T. Beitany gave a summary of the conclusions as to

the structure and interpretation ol the vertebrate skull, contained

in the wo'k on the Morphology of the Skull, just published by
Prof. Parker and himself. The nature of the trabecula; and the

segmental relations of the skull were especially dwelt upon. In

another paper Mr. Bettany advocated the harmonisation of

animal and vegetable physiology, by the use of terms in the same
sense in both, referring especially to the term assimilation, now
so vaguely and discordantly employed in the two sciences.

Among oiher papers may be mentioned Prof. McKendrick's On
the Physiological Action 0/ theSulisli/ution Compounds of Pyridcne

and Chinoline, and Dr. Cunningham's, On the Muscular and
Nervous Systems of sei'ernl /title known Marsupials. Only a

small number of anatomists and physiologists were present, and
the paucity of papers in physiology was ascribed to the dis-

couragement and hindrance to experimental research caused by
the vivisection controversy.

Departmen', of Anthropology.

No striking novelty was brought forward in connection with
the geological evidences of the antiquity of man. Various local

discoveries of flint implements were noticed, the occurrence of

flints in Cornwall and the Scilly Islands being of especial interest,

owing to their distance from the chalk. Mr. John Evans
described some palceolithic implements from the valley of the

Axe, made of chert from the Llackdown beds, proving that

where chalk flints were scarce, other siliceous rocks were utilised

by pala'olithic men for the same purpose. Mr. Widger's collec-

tion of extinct mammalia from Newton Abbot caves, as yet only
imperfectly explored, excited much interest. Mr. Laws gave an
account of a cave at Tenby containing a rich aggregation of

extinct mammalia, and recommended the Welsh coast as a rich

hunting-ground for anthropologists. Prof. Rolleston and Col.
Lane Fox described their exploration of tumult at Sigwell in

Somersetshire, and near Guildford. The co-existence of different

styles of interment among a people was confirmed by these

researches. Prof. RoUeston's address On our A'uowlcdge of the

Flora and Fauna 0/ Prehistoric Times vf&s very attractive. In the
course of his remarks on trees he noticed that remains of the ash
were found in English but not in Scotch peat ; the beech again
was absent from Scotch peat. With regard to bees and bee-

keeping, he said the only certain fact known in relation to the
question where and when hives were introduced, was that in all

cases the word for hive was allied to the Latin word for it. He
thought honey became important very early, as a source of
sugar ; especially to people who had neither the sugar-cane nor
beet-root. He believed great changes had taken place in British

mollusca since prehistoric times. The so-called Roman snail

was without douHt a very old and well-established British snail

;

while a little snail most aliundant at present was not known in

prehis'oric deposits. He thought there were the best grounds
f)r believing the rabbit not to be prehistoric in this country. In
an old tumulus Prof. Rolleston had found several handfuls of
jawbones of the common water vole, and not far off a large

canine of a pol--c:it, which had evidently made its nest in the
tumulus and fed its young upon water-rats. These are but a
few out of many most interesting facts mentioned in the paper.
Mr. Spence Bale's description of the prehistoric remains on
Dartmoor, visited by an excursion party, was another subject

that attracted much attention.

There were a number of valuable papers on the habits, history,

&c., of uncivili-ed peoples. Miss Buckland's paper On the

Stimulants of Ancient and Modern Savages showed how in all

parts of the world, as soon as ai^riculture was established, people
began to make fermented drinks from the roots or grains culti-

vated for food. But it further appeared that still earlier stimulants

were leaves and roots that when chewed were found to produce
exhilaration. With the dawn of civilisation these ro its and
plants were steeped in water, inducing some fermentation.
Later the cereals were used, the roots and plants being still

retained for flavour and to produce fermentation. The juice of

the grape became employed at a subsequent period still. Mr.
Bertram Hartshorne read a valuable paper On the Ancient
People of Cevlon, giving an account of their history as far as it

could be gathered, giving many evidences of retrogression

among them. The Rev. S. J. Whitmee, the well-known
London Society missionary, gave some account of the Malayo-
Polynesians, with abundant proofs of their degradation from a
higher social and intellectual level. Among these were the

comparatively high .social position of the women, the existence

of hereditary rank and titles, the tenure of landed property, the

systematic division of land, and their poetry. Mr. F. M.
Hunter described the peculiarities of Socotra Island. In
reference to the Bedouin inhabitants, he said that religion

seemed to sit lightly upon them. They only piayed when they

had an audience, and even in the very act of prostration they

would turn round, join in conversation, and again continue their

devotions. The mark of the cross was still used on the head-
stones of the graves. Mr. A. Simson's paper On the Zaparos
Indians contained a great deal of curious information.

Coming to regions nearer home. Dr. Beddoa endeavoured to

trace the history and ethnology of the Bulgarians, but con-

fessed that much was still unknown on the subject. Although
they spoke Sclavonic they did not appear to be really Sclavs or

even Turanian. The original Bulgarians were a tribe from the

Volja region, probably connected with the Huns. Dr. Beddoe
believed that the present Bulgarians were as much Ugrian as

anything ; they were evidently prognathous. The Rev. W. S.

Lach-Szyrma in discussing the Cornu-Britons, divided them into

two classes, those who came there under pressure ol Saxon
invasions, and those who came as immigrants to the coast

districts. He did not believe in any Semitic admixture.

The report of the Anthropometric Committee spoke of the

serious difficulties attending iis observations in the attainment of

uniformity and accuracy. Mr. H. C. Sorby described the

several difierent colouring matters he had derived from human
hair, the chief being a black pigment and a reddish-brown sub-

stance. Very red hair contained a small quantity of pink-red

substance. A noteworthy opinion given by Mr. Sorby was that

he did not think it possible that hair could change colour in a
single night. Other interesting papers were by Prof. Rolleston

On Artificial Deformations of the Human Head and On the

Rationale of Brachycepltaly and DolichocepJialy, by Dr. Phene
and others. Altogether the Lcpartment sat on five days, and
exhibited much vigour ; both papers and discussions were very

attractive, although the amount of novelty in regard 10 primitive

man and his relations to geological history was not great.

Department of Zoology and Botany.

In this department the greatest general interest was excited by
Mr. McLachlan's paper On the Colorado Beetle. He gave a
most valuable account of its natural history, and then proceeded
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to remark on ihe panic respecting its introduction into England.
He approved of restrictive legislation, but said it was as much
needed four or five years ago as now. He believed if ilie beetle

could have been introduced if would have been ere now, not so

much among potatoes, whicli were mostly imported from America
for seed, in a very clean state, or through the reception of speci-

mens by scientific men, as in a promiscuous manner in general

merchandise, owing to its gi'eat abundance on the quays of New
Yorlf, &c. But there was much reason to e.xpect the beetle

could not readily be acclimatised in our moist climate. Ameri-
can animals in general failed to spread in Europe. Moreover,
Great Britain j'ossessed many insectivorous birds which had no
representatives in the United States.

Prof. McNab read several important papers on botanical sub-

jects. One, On ihe Movement of Water in Plants^ gave an
account of researches by Professors Pfitzer and Iloehnel, con-

tinuing and confirming results arrived at by his own investiga-

tions. Prof. McNab also brought forward a revised classification

of plants, in which he adopted the term Order for the larger

groups sometimes called cohorts, and in which the apetalse were
di^tributed among the petaloid orders to which they .aie allied.

He further gave a synopsis of the present knowledge of fossil

flowering plants, shoAving that Haeckel's postulates as to the

evolution and period of first appearance of flowering plants were
already shown to be false by new discoveries. It appeared, on
the whole, that the gamopetalous forms arose later than the

dialypelala?. Prof. McNab inclined to the opinion that while
the monocotyledons were monophyletic, or arose through one
line of descent, the dicotyledons were polyphyletic, or derived
from several main stocks.

Other papers of interest on botany were by Prof. Dickson,
On the Structure of the Pitcher of Cephalotus, and by Mr. A. S.

Watson, On Structural Characters in Relation to Habitat in

Plants.

Prof. RoUeston described several features of interest in the
zoology of New Guinea, especially the new Echidna, of which
he had received a specimen. He deiailed the evidences of the

former connection by land between New Guinea and Australia,

and accounted for the divergence between the vegetati-n of the

two by influences due to the high mountains of New Guinea and
the great barren plains of Australia. Mr. W. Ackroyd read a

paper On the Colours of Animals. A contribution was read from
Dr. Otto Finsch, giving the results of the North German Ex-
ploring Expedition to Western Siberia. Dr. G. Bennett, from
Australia, gave an interesting account of the habits of the pearly

Nautilus.

SECTION E.—Geography.

In this Section, presided over by Admiral Sir Erasmus
Ommanney, the president's address consisted of a resume of

geographical discovery during the past forty years. Among the

papers read none were of special interest.

Major Wilson read a paper by Lieut. Kitchener, R. E., Repot t

0/ the Line of Ln-els from the Miditerranean to the Sea of
Galilee. The levelling commenced in June, 1875, but was soon
interrupted by local circumstances. It was resumed in March,

1877, and carried to a successful conclusion by Lieut. Kitchener.

There had, as yet, however, been no opportunity of applying

corrections. The result of the work showed the depression of

the Sea of Galilee to be 682 '544 feet. Fortunately they had a

perfectly calm day for securing the sea-level. The sea left a

clearly-defined white mark at its highest part ; the depression

shown by Kitchener's observations was some forty or fifty feet

greater than had been generally supposed. The depression of

the Dead Sea was 1,292 leet, which gave to the Jordan a (all of

a little over 6cx) feet ; this fall was nearly even throughout,

although there were one or two rapids in its course. The deepest

part of the Jordan Valley would be 1,300 feet below the level

of the Mediterranean.
Commander Cameron read a paper On the Proposed Stations in

Central Africa^ as Bases Jor Future E.xploration. He thought

the best means for the exploration of the continent would be
the establishment of trading societies after the fashion of the

East Indian and Hudson's Bay Companies, but the spirit of the

age was against the granting of sovereign powers to commercial '

companies. That being so, he considered a system of central

stations, placed at intervals of from 200 to 250 miles distant, the

best available. The new stations should be placed under the

charge of a consul or a vice-consul, or of consular agents, but if
i

the British Government hesitated to undertake the responsibility,
the Seyyid of Zanzibar should be asked to accept it, and he
believed most of the traders and shyas would recognise the
authority of his highness. The stations might be turned to
account, not only for the purpose of map making, but ol ascer-
taining the commercial value of the surrounding districts,
obtaining meteorological observations and botanical and zoolo-
gical collections, accustoming the neighbouring populations to
the nature and advantages of civilised rule, systematically extir-
pating the slave trade, and diverting the trafiic now employed
in this infamous trade to the development of the enormous
national wealth of the continent. In concluding, Commander
Cameron made an appeal on behalf of the British Society for
Alrican Exploration. He warned his audience that unless
Britain speedily bestirred itself it would lose the pre-eminence it

long enjoyed among the countries of Europe. At the call of its

sovereign the little kingdom of Belgium had contributed 12,000/.
for the fitting out of an expedition. Portugal had contributed
20,000/., and he hoped the British public would not fail to do
their duty as respects the opening up to civilisation of Africa.
The more rapidly the light of civilisation is introduced into the
cf ntinent the more rapidly would the slave trade .and domestic
slavery die away and become a thing of the past.

A paper by Mr. W. H. Tietkens, On the Latest Exploring
F.xpedition across Austmlia, was read by Mr. Bates. It described
the journey made in 1S75 by Mr. Ernest Giles, accompanied by
the author of the paper and by Mr. Young, from the settlements
of South Australia to those of Western Australia. The result

of the journey was the conclusion that the occupation of some
portions of the country cannot be long delayed, being well
adapted for wool growing, but the writer confirmed the opinion
expressed by other travellers that the region between lat. 21° and
30°, and long. 123° and 132°, can never be colonised, and that
any while men settling in it would become like the wandering
nomads now inhabiting it. The expedition was most adven-
turous owing to the attacks made upon it by some of the
natives, and also to the difficulties arising from scarcity of
water, which, at one time, threatened to terminate the career of
the travellers.

Mr. Trelawny Saunders called in question the conclusions

come to by the author of the paper as to the future of

Australia, and said such a future would be a serious matter

for Plymouth, which was one of the great ports of emigration

to Australia. He placed against this opinion the authority

of Mr. Landsborough, who had recently described the great

physical changes taking place in the Australian continent,

in consequence of the occupation of it by our countrymen.
Trees were growing where none were previously to be seen, the

natives being prevented from burning the long grass for the

purpose of getting game. The growth of forests would cause

a greater rainfall, and lead to the improvement of the productive

qualities of the country.

Col. Godwin-Austen read a paper On the Course of the

Brahmaputra or Sanpu. The author's argument, founded on
researches and surveys in Assam, was that the true outlet of

this great river was by the Sukushiri, and not, as was generally

supposed, by the Deipong.

THE FRENCH ASSOCIATION AT HAVRE
Havre, August 30

"T^HE final meeting took place this afternoon at 2 o'clock,

under the presidency of M. Broca.

Montpellier has been selected as the place of meeting for 1879.

The University of Montpiellier has been for centuries a rival to

Paris, and even now is bohl enough to compete with its formid-

able rival. Montpellier is also notable as the birthplace of

Autuste Comte, the founder of Positivism. A number of

scientific gentlemen have subscribed a large sum to receive the

Association m 1879 ; the General and Municipal Councils will

also vote a large sum.

It has been suggested by some influential members that the

meeting of 1880 should be held in Algeria. But the vote will

not be taken till next year at Paris. The year 1S80 is the fiftieth

anniversary of the conquest of Algeria. There are at the present

time very few scientific institutions in the colony. Should the

choice be made, the Algiers Academy would probably be then

transformed into a University for Algeria.

The Association, at the close of the Havre meeting, has voted
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an exceedingly limited number of recommendations to the

Government. One of them relates to the organisation of the

me'eorological service. The Association directs the attention of

the Government to the inferiority of French meteorology, and
urges the Gi^vernment to estaSlish an official investii^ation into its

working. All efforts to take the Service des Averti-semtnts out

of the hands of the observatory have been defeated. The pro-

posed reform does not aim at diminishing the influence of M.
I.everrier on the service he has created in France.

A request is to be sent to the Government to endow the

Geological Society of Normandy with the privileges of an insti-

tution of public interest, whicli means to grant it a charter and
incorporate it. It is expected that the admirable geological

exhibitions collected through M. Lennier's exertions will remain

permanent, and become a fair specimen of regional geology. A
number of exhibitors have consented either to give their objects

or to lend them until similar objects can be procured in their

stead. M. Lennier, whose exertions have been indefatiijable,

is the director and founder of the Havre Aquarium, which is a

mo lei institution, not for the variety of species, but for the

number of objects and the health of the animals.

The several industrial establisliments at Havre were opened
for public inspection, as well as the Government buildings.

The most interesting object was a fog trumpet of Briiish

make. The steam engine working it has a power of three

horses. It is calculated to compre-s about 800 htres of air at

a pressure of little more than two atmospheres in two tanks put

into communication by a Urge tube. One of these tanks is in

communication with the pump, and the other with the trumpet.

Tlie latter is closed by a self-acting valve, which opens once

every forty-eight seconds, and during seven seconds gives a volu-

minous sound in la of the diapason.

The last excursion (to Rouen) was more successful than the

first. The Frigorifiqiie had been sent from Havre to Rouen in

order to increase the attraction, and was visited by many of the

excursionists.

The number of members of the Havre meeting was not more
than 600 altogether. The foreign members numbeted about forty,

upwards of twenty being Engbshn en. Very few lart'es attended

the proceedings. No final banquet took place, o*ing probably

to the fear ol some political discussion disturliiiig an assembly

which ought to be devoted entirely to science.

There is only a single scientific society in Havre which, in

spite of its amljitious title (Societe d'Etudes diverses) has only

sixty members out of a population of 85,000, including more
than fifty millionaires. The society meets regul-.rly and
pubiishts yearly a handsome volume. It has been decided to

establish a local society of commercial geography, and a local

committee to collect meteorological observations taken on board

the transatlantic steamers.

If we consider the work done in certain sections the Havre
meeting has not been a failure ; but it was altoge her a sectional

meeting from the inaugural speech of Presifent Broca to the two
or three lectures which were delivered in the theatre. We are

confident that M. Fremy will spare no pains to render the Paris

meeting next year a success and as far as possible international.

He will endeavour to get the presidents of sections each to

deliver an inaugural address. It is intended to establish a tem-

porary daily newspaper to publish at full length the reports of

sectional proceedings, tSic.

In the Section of Meteorology the principal business was the

vote of the requisition sent to the Government, which will

probably induce the Ministry to increase the grant to French
meteorology. The majority of ttie section are in favour of the

establishment of a central meteorological institute to investigate

large meteorological problems and centralise all meteorological

services except weather previsions. A resolution was proposed

by Dr. Janssen, urging transatlantic companies to take meteo-

rological observations on board ; another resolution asked M.
Giffard to organise a meteorological observatory on board his

captive balloon, during the exhibition of 187S. Mr. James
Glaisher gave an address on the result of his thirty scieniific

ascents, and the experiments made in the Ashburnham captive

balloon. His address was well received, and he was invited

to sit with the bureau. M. Alluard, the Diiector of the Puy-
de-Dome Observatory, engaged to establish intermediate stations

on the flanks of the mountain, and to keep observations during

the time when the monster captive balloon is making its ascents.

This proposal will be communicated to Gen. Nansouty, Director

of the Pic-du-Midi Observatory. A resolution was voted pro-

testing against the delays in the construction of a telegraph line

from Pic-du-Midi to Bagn^res, for the purpose of sending regular
observations during the time when the observatory is cut off by
snow from all communication with the world below.
M. Alluard presented to the section diagrams of comparative

barometric measures taken on the summit of the Puy-de-Dome
and at Clermont-Ferrand during storms. This shows clearly

that the law of pressure varies in inverse ratio, diminishing on
the top of the mountains when increasing at Clermont, and -Ace

7'irsa, It shows evidently that storms are produced, not by a
single wind, but by a conflict of several winds at a certain

distance (rom the earth.

In the Geological Section a large proportion of the papers
were on various points connected wiih the geology of Nor-
mandy, one of the most important being a piper by M.
Moriere on the presence of the liassic stage in the department of
Orne and on tlie fossils he has collected during many years inves-

tigation into the geology of the region. In this section, also,

M. Pomel read a long paper to prove that M. Roudaire's
project of an inland sea in Algeria, of which we recently gave
details, is impossible M. Pomel maintains that the level of the

Chotts is too high, and that if by any process they could be
filled, the water would very soon find its way back to the

Mediterranean. Another paper of some importance was by
MM. de Tromelin and Grasset, being a '* Summary Study
of the Paleozoic Fauna of Lower Languedoc and the

Pyrenees," for the purpose of comjiaringihe primary formations
of the South wih those of the North-West of France. M.
Jannettaz gave an account of his observations on the propa-
gation of heat in schistose rocks and in crystals. From his

experiments he concludes that heat is transmitted more readily

along the planes of cleavage of crystals and along the plane of

schistosity of slates, gneiss, crystalline or agillaceous schists,

than along the direction perpendicular to these planes. He
thinks we may thus explain, to a great extent, the variation

observed in the increase of temperature with depth in different

parts of the globe.

In the Botanical Section M. Corenwinder continued his

account of his investigations on the Functions of Leaves.

After twenty-five years' work M. Corenwinder thus sums
up the results he has obta ned :—The leaves of vegetables

in their relations to the a'mospheric air are the seat of two
distinct functions. By their protoplasm they absorb oxygen
and constantly exhale carbonic acid. By their chloro-

phyll, they inspire, on the contrary, during the day only,

carbonic acid, and expire oxygen. In their early stage the

protoplasm predominates ; chlorophyll is not abundant. Hence
the respiratory function predominates during all that period over

the chlorophyllian function, and consequently leaves exhale car-

bonic acid without interruption. In proportion as leaves grow
the colourless protoplasm diminishes and the chlorophyll in-

creases ; thus the capacity of emitting carbonic aciti rapidly

decreases, and soon they exhale, during the day, nothing but

oxygen gas. Henceforth it is only by shutting off or diminishing

the light, when the action of the chlorophyll is diminished or

suspended, that the effect of respiration becomes more or less

sensible. There is then among living beings only one kind of

respiration. The part played by chlorophyll is of a different

order ; it is an act of assimilation which has nothing in common
with the preceding. M. Corenwinder hopes that henceforth it

will cease to be taught that plants are provided with two respira-

tions, one for the day and the other for the night.

NOTES
We are informed by a cable telegram from a New York corre-

spondeiit that Prof. O. C. Marsh, the eminent palfeontologist,

has been elected president of next year's meeting of the Ameri-

can Association for the Advancement of Science, which has just

concluded its Nashville session. We have received the Proceed-

ings of the last year's meeting at Buffalo.

The Aquarium Winter Garden at Tynemouth, near New-

castle, is rapidly approaching completion. The building occu-

pies a commanding position on the Long Sands between the

town of Tynemouth and the little fishing village of Culler-

coats. The entire basement is devoted to the Aquarium with its

reservoirs and pumping machinery, and the show tanks, of which

there will be both a sea and a fresh-water series, will contain
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upwards of 140,000 gallons of water. The plan adopted is the

circulation system, which has proved so successful in the main-

tenance of aquatic life at the Crj'stal Palace, Naples, and else-

where. Special arrangements are being made for the culture of

salmon and trout, and in conjunction with the Aquarium, but

out of doors there will be an enormous seal-pond, into which a

supply of sea-water will be pumped direct when required. Mr.

E. Howard Birchall has been appointed curator.

Mr. Alexander 13i;chan, the well-known secretary to the

Scottish Meteorological Society, has been sent to Upsala as

representative of the Royal Society of Edinburgh, at the

celebration of the 400th anniversary of that University.

The autumn meeting of the Institute of Naval Architects in

Glasgow was brought to a conclusion last Thursday, and seems

to have been altogether successful. A large number of papers

were read and discussion raised on the technical subjects with

which the Institute deals, and much of the time was devoted to

visiting several of the most important Clyde establishments.

The ne.\t autumn meeting of the Institute will probably be at

Newcastle-on-Tyne.

On August 29 the Dorset Field Club met at the romantic spot

of Lulworth Cove. One section gave themselves to the geology

of the district in which the " Purbecks " are so finely exhibited.

After some opening remarks by Mr. Mansell Pleydell, the

president of the Society, Mr. Damon, F.G.S., gave an address

bearing on the geology of the cove and neighbouring strata,

followed by Prof. Buckman. Other sections directed their

attention to entomology, botany, &c.

A SUMMER school of practical mining for the instruction of

t)ie student in the details of miner's work has recently been

added to the curriculum of the School of Mines of Columbia

College, U.S. This summer school has been put in the charge

of Henry S. Munroe, a former graduate of the school, who was

recently elected by the trustees to the position of Adjunct Pro-

fessor. It is proposed that the students of the school shall visit

mines in different parts of the country worked for coal, iron,

copper, lead, precious metals, &c. , and spend a month or si.x

weeks at each, making a careful and detailed study of the mine,

and actually engaging, under the instruction of skilled miners,

in all the details of mine work. The first experiment was made
this summer at the mines of Coxe, Bros., and Co., Drifton, Pa.,

and with very remarkable success. A dozen students, volunteers

from the class of '78, made a stay there of five weeks from July

2. Half of the students worked in the morning and the other

half in the afternoon, one squad at a time with each miner. The
times of going and coming to and from work were so arranged that

each student spent from four to four and a-half hours in the mine

each day. On coming out of the mine each squad was required

to make a written report of the work done, with sketches

showing the location, direcdon, depth, &c., of each shot fired,

and the effect produced. While in the mine they assisted the

miner to load his car, thereby learning readily to distinguish

"slate" and "bony" from good coal, even in the uncertain

light afforded by their mine lamps. They were also instructed

in the use of the drill and pick, boring themselves the blast

holes, judging the quantity of powder required, making up the

cartridge, tamping, and firing the shot. After the students had

spent in this way about twenty days at different kinds of work
underground and in the "breaker," subjects for more detailed

study and investigation were assigned them. Each student,

having chosen his theme, spent the remainder of his time in

collecting material for a memoir. The experiment has, in fact,

been in every way a success.

At the meeting of the Royal Society of New South Wales on

June 6, Mr. Russell exhibited an improved form of bichromate

battery, by wliich the current of, electricity generated is kept

quite constant so long as it may be required. This is accom-

plished by allowing the bichromate solution to drop in slowly,

and flow out at the same rate through a pipe which commences
at the bottom of the cell and passes through the side at three-

quarters of an inch from the top. When the supply tap is

turned, the solution collects in the cell until it rises to the level

of the pipe, and it then begins to pass out as fast as it comes in.

As the bichromate solution passes down the cell its active

properties are made use of, and when it reaches the bottom it is

waste, and passes out as described. In use it is found that the

zinc and solution are more economically used than in the

ordinary bichromate cell. The Society held its annual con-

venaziom on May 16. About 600 members and their friends

were present. Amongst the exhibits were some very rare and

choice plants from New Guinea. Mr. Russell, Government

Astronomer, was most successful in showing large smoke vortex

rings, which blew out a spirit-lamp flame at a distance of fifty

feet.

The Report of the Leicester Literary and Philosophical

Society speaks satisfactorily of its progress. A year ago the

society took possession of new buildings, and its main work as a

society is carried on by its six sections, which include the various

departments of science. The number of members now exceeds

300.

We have received a very useful Russian brochure by M.
Bogdanoff, " A Review of Expeditions and Natural History

Researches made in the Aralo-Caspian Region from 1720 to

1874," being the first fascicule of a large work. In 1874 Prof.

Barbot-de-Marny, geologist, with MM. Bogdanoff and But-

leroff, jun., zoologists, explored vast tracts of land between the

Caspian and the Aral lake, and MM. Grimm and Alenitzin

studied the fauna of these two interior seas. Preliminary

reports by the explorers have been already pubhshed. M. Bogan-

doff's paper is intended to give, in a very condensed form

(52 pages), an introductory review of scientific work in the

Aralo-Caspian region during the 150 years before this expedition.

It has been visited and explored by no fewer than sixty men of

science. Yet the great problems so vividly and skiliully deve-

loped and discussed by Humboldt and his followers—the ]3ro-

blems of the former extension of the Caspian, of its junction with

the Aral and the Balkash, of the geological time when this

immense interior basin existed, of the causes which determined

its dryuig up and the change of bed of the Amu-darya—all

remain as open a field of inquiry as ever. We find immense

gaps in every department even in the description of the country.

The hydrology of the Caspian and Aral is sufficiently well

known, but the third great basin, the Balkash, and a great

number of smaller lakes remain unexplored. The flora is well

known, and the great work of Borshioff sums up numerous local

accounts, but the zoology is very unequally advanced ; the lower

organisms and the amphibise are all but totally unknown.

The insects, and still more the vertebrates, are well described,

but even in this branch the fishes have been neglected. Prof.

Kessler finds many unknown forms even among those of the

Caspian, which have been best explored, and the fishes of the

Aral and Balkash promise to present plenty of most interesting

new forms and varieties. As to the much-debated question of the

former bed of the Amu-darya, M. Bogdanoff points out that this

remarkable geological phenomenon remains unexplained. We
nmst hope that the labours of the Aralo-Caspian expedition, and

oi other explorers in the same region, will finally throw some

light on the problems involved in the study of this depression

of the old continent.

In an interesting pamphlet on "The Work of Mechanics*

Institutes in our Towns," by Mr. Swire Smith, the author con-

tends that the work of mechanics' institutes in towns consists on

the one hand in supplymg the deficiencies of the day school.
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and directing its education into useful cliannels ; on the other

in giving general information and providing recreation and

amusements of a social character. He endeavours to point out

the improved prospects of mechanics' institutes in the future, and

appeals to public spirit for the erection in many towns of more

appropriate buildings. He suggests the propriety of establishing

day schools as nurseries for the rudimentary teaching of science,

and refers to the help from national and other sources that may

be obtained by taking up this work systematically. He urges

the vast importance of scientific knowledge for our artisans, the

equal importance of a training for girls in the matters apper-

taining to their welfare, and points out the great need for

making classes more attractive. He speaks of the value of

penny banks for promoting thrift. Finally, he tries to show the

necessity of making the institute more popular as a place of

resort for the people of our towns, as a safeguard against per-

nicious attractions, and for the supply of information, entertain-

ment, and recreation.

In connection with Capt. Howgate's scheme of Polar explora-

tion, the Florence, under Capt. Tyson, of Polaris fame, left New
London on August 16, lYi; Cumberland Coast, for whaling pur-

poses. It will then proceed to Greenland to engage Esquimaux

families. This pioneer party will meet at Disco, next August,

the main Polar expedition under Capt. Howgate. The expe-

dition, it is expected, will be fitted out by the United States

Government as soon as Congress meets, and will have voted

the requited subsidies for establishing a scientific colony at Lady

Franklin Bay. The use of balloons having been suggested,

Capt. Howgate has written the following letter to M. W. de

Fonvielle, who has offered to become a member of the scientific

stafTof the expedition. It is dated from the " War Department,

Office of the Chief Signal Officer, Washington, D.C., August 16,

1877."—"Your valued favour of the l6th June, addressed to

Capt. Tyson, was forwarded to me for reply. This reply has

been necessarily delayed by the amount of work thrown upon

me during the fitting out of the Florence. But I avail myself of

this first opportunity to say that, should Congress, as I hope,

legislate favourably for the proposed Arctic colony at its next

session, it is my intention to try the value of balloons as an

agent of exploration ; and your services, so courteously offered,

will be thankfully accepted. Your reputation as a man of

letters and science is too well known to render such references as

you allude to necessary."

The additions to the Zoological Society's Gardens during the

past week include a Barbary Ape {Macaciis iiititis) from North

Africa, presented by Mr. E. Barclay ; a White-fronted Capuchin
(Cebus allnfrons) from South America, presented by Mr. Ship-

man ; a Pig-tailed Monkey {A/acaeus nenieslrinus) from Java,

presented by Mrs. Rintoul ; a Leadbeater's Cockatoo [Cacatua

hadbeiiteri) from Ausiralia, presented by the Rev. S. J. Whitmee,
C.M.Z.S.; an American Tantalus {Tantalus loculator), two
Prmce Albert's Curassows {Crax nlberti), three Black-faced

Spider Monkeys (Aides aler) from U.S. Columbia, a Kinkajou
(Cercoleplts caudrjolvulus) from Honduras, deposited ; a Taman-
dua Ant-eater {Taiimndiia telradactyla), an American Darter

{Flatus anhinga), an Ashy-headed Gull {Lams cirroeephalus)

from South America, a Brazilian Motmot (Atomotus bnisiliemis)

from Brazil, a Sorry Thrush {Turdiis tristris) from Mexico,
purchased.

SOCIETIES AND ACADEMIES
Paris

Academy of Sciences, August 27.—M. Fizeau in the chair.—The following papers were read :—Note on M. Lavy's
catalogue of stars of longitude and lunar culmination, by M.

Faye. This catalogue of 521 stars is recommended as a work
of precision which should be of real service.—Two general laws
of geometric curves of order and cla-s, m and u, by M. Chasles.

—On the relation which should exist between the diameter of
cores of iron and the thickness of their magnetising helix, by
M. Du Moncel. It is shown from experiment that there is

advantage in winding electro-magnets so that the thickness of
the coil-layers is equal to the diameter of the cores ; and for this

law to be well applied, the diameter of the cores should naturally

be proportioned to the electric intensity which is to act on them,
and chosen so that this intensity develop in them a quantity of

mat;netism pretty near the point of saturation.—On an example
of reduction of Abelian integrals with elliptic functions (con-

tinued), by Prof. Cayley.—Observations of the planets 173 and
174, and remarks on the discovery of this latter planet, by M.
Stephan. On August 8 Mr. Watson observed a star of the tenth

magnitude not marked on his maps, but it was not till the i6th

that it was recognised as a planet. M. Borrelly first perceived

the star on the lOth, and next day its planetary character was
ascertained; priority is thus claimed for M. Borrelly.—Pro-
visional geographical map of the planet Mars, by M. Flam-
marion. In this work (commenced in 1S63) the author has

aimed at givinij a general ensemble of observations from the
beginning.—Observations on a recent note of M. Du Moncel,
on the best conditions of employment of galvanometers, by M.
Raynaud.—Reply to a recent communication of M. Angot, on
the evaporation in the region of the Algerian chotts, by M.
Roudaire.—On the termination of the nerves in the electric

apparatus of the torpedo, by M. Rouget. In opposition

to MM. Boll, Ciaccio, and Ranvier, M. Rouget observes

constantly, and reproduces by photography, a network iu the
ventral face, formed by the divisions of the last branches of

the pale ramified fibres. The appearances of termination in

buttons or free extremities, which show here and there in all the

preparations, are manifestly connected with the network, in the
enlarged photographs, by prolongations which escape direct

observation.—Variations of the temperature during the total

eclipse of the moon on August 24, 1877, by M. Berigny. There
was a very marked cooling at to o'clock, and this had a per-

ceptible effect on the minimum. M. Berigny asks did this arise

from the astronomical fact, or was it a mere coincidence ? M.
Faye was nut disposed to attribute it to the eclipse, and for two
reasons : First, the sky was that night exceptionally clear, so
that the terrestrial radiation must have been very active, giving

a notable fall in the thermometer ; second, physicists have had
the greatest difficulty in rendering perceptible heat from the
moon, even with the most delicate apparatus. So that when we
are deprived of this radiation for an hour or two this can hardly
affect our thermometers, still less our senses.

CONTENTS Pagb

Nature and Constitution or Man 393
bciENCB IN THE Argentine Republic 39s
Our Book Jihhlf :

—

"United States Commission of Fish and Fislieries.^ Part III.—
Report of the Commission for 1S73-74 and 1874-75 "

395
Letters to the Editor :

—

Indian Rainfall and Sun-spots —E. D Archibald 396
Greening of Oysters. -Prof. W. T. Thiselton DVER .... 397
Reproduction by Conjugation.—Rev. George Hbnslow . , , 397
St.ange Dream Phenomenon.—W. J. S 397

Our Astronomical Column :
—

The Satellites of Mars 397
The D'Angos Comet of 17S4 398
The First Comet of 1877 (Borrelly, Febiuary 8) 398

Biological Notes :

—

New Work on Birds 399
The Body-Cavity in the Head of Vertebrates 399
Fish-eating Birds 399
Ants' Domestic Animals 399
A Whale in the Mediterranean 399

The Late Mr. Gassiot 399
The Spectrum or Nova Cvgni. By Herr Vogel (With Itbistra-

tions) 4C0
The Telephone. By W. H. Preece, M. Inst. C.E. (IVith Illustra-

tions) 403
The British Association ;

—

Reports 404
Section A.—Mathematical and Physical '

. . 405
Section C.—Geology 405
Section D.—Biology.—Department of Anatomy and Physiology.

—

Address to the Department by Prof. MacAUster, Vice-President 406
Section E.—Geography . . 409

The French Association at Havre 409
Notes 4i'3

Societies AND Academies 41=



NATURE 413

THURSDAY, SEPTEMBER 13, 1877

STAR OR NEBULA ?

FOLLOWING close upon the publication of Dr.

\'ogers paper on the new star in Cygnus, Lord Lind-

say has communicated an interesting letter to the Times

announcing the fact that the new star has now put on the

appearance presented ordinarily by the so-called plane-

tary nebula;.

Of all the lines chronicled by Cornu and Vogel only

one remains, that namely which the latter observer

showed to be constantly increasing in brightness while

all the rest were waning, and which, moreover, as Vogel

also distinctly showed, is coincident in position in the

spectrum with that observed in the majority of the

nebulce.

The observations of such rare phenomena as the so-

called new stars, are of such vast importance, and will no

doubt ultimately provide us with a clue to so many others

of a different order, that we may well congratulate our-

selves that the recent Nova was so well watched, and that

there is such perfect completeness and unity in the chain

of recorded facts.

It should have been perfectly clear to those who
thought about such matters that the word star in such a

case is a misnomer from a scientific point of view,

although no word would be better to describe it in its

popular aspect. The word is a misnomer for this reason.

If any star, properly so called, were to become " a world

on file,'' were to " burst into flames," or in less poetical

language, were to be driven either into a condition of

incandescence absolutely or to have its incandescence

increased, there can be little doubt that thousands or

millions of years would be necessary for the reduction of

its light to the original intensity.

Mr. CroU has recently shown that if the incandescence

observed came for instance from the collision of two stars,

each of them half the mass of the sun, moving directly

towards each other with a velocity of 476 miles per

second, light and heat would be produced which would

cover the present rate of the sun's radiation for a period

of 50,000,000 years.

A very different state of affairs this from that which

must have taken place in any of the Novas from the time

of Tycho to our own, and the more extreme the difference

the less can we be having to deal with anything like a

star properly so called.

The very rapid reduction of light in the case of the new
star in Cygnus was so striking that I at once wrote to Mr.
Hind to ask if any change of place was observable,

because it seemed obvious that if the body which thus put

on so suddenly the chromospheric spectrum were single,

// might only weigh a Jau tons or even hundiedweiglits,

and being so small might be very near us. Mr. Hind's
telescope was dismounted, and I have not yet got any
information as to change of position ; and as I am now
writing in the Highlands, away from all books, I have no
opportunity of comparing the position now given by Lord
Lindsay in R.A. 2ih. 36m. 52s., Dec. -I- 42° 16' 53", with

those given on its first appearance by Winnecke and
others.

Vol, XVI,—No, 411

We seem driven, then, from the idea that these pheno-
mena are produced by the incandescence of large masses
of matter, because if they were so produced, the running
down of brilliancy would be exceeding slow.

Let us consider the case, then, on the supposition of

small masses of matter. Where are we to find them ?

The answer is easy ;—in those small meteoric masses
which an ever-increasing mass of evidence tends to

show, occupy all the realms of space.

In connection with this, perhaps I may be permitted to

quote the following from one of my " Manchester

Lectures'" :

—

" There is one point to which I think I may be per-

mitted to draw your attention, although at present it rests

merely upon an unendorsed observation of my own. I

thought it would be worth while to try what would happen
if 1 inclosed specimens of meteorites, taken at random,
in a tube from which I subsequently exhausted the air by
a pump. After the pumping had gone on for some con-
siderable time, of course we got an approach to a
vacuum ; and arrangements were made by means of

which an electric spark could pass along this apparent
vacuum, and give us the spectra of the gases evolved
from the meteorites. Taking those precautions which
are generally supposed to give us a spark of low tempera-
ture, and passing the current, we got a luminous effect

which, on being analysed by the spectroscope, gave us
that same spectrum of hydro-carbon which ^ir. Huggins,
Donati, and others have made us perfectly familiar with
as the spectrum of the head of a comet. There, then, we
get the atmosphere of meteorites, not necessarily car-

bonaceous meteorites, but meteorites taken at random ;

and this atmosphere is exactly what we get in the head of

a comet.
" Now let me go one step further ; and to take that step

with advantage, allow me to refer to another point ....
that whereas Schiaparelli has connected meteorites and
falling stars with comets. Professors Tait and Thomson,
on the other hand, have connected comets with nebuire,

both of them being, according to those physicists, clouds

of stones. Now how was one to carry these spectroscopic

observations into the region of the nebuki; ? A Leyden
jar was included in the circuit, and we had what is gene-
rally supposed to be an electric current giving us a very
much higher temperature than we had before. What, then,

was the spectrum ; the spectrum, so far as the known
lines were concerned, was the spectrum which we get

from the nebula; ; for the hydro- carbon spectrum, which
we get from the atmospheric meteorites at a low tempera-
ture, was replaced by the spectrum of hydrogen ; the

spectrum of hydrogen coming, of course, from the de-
composition of the hydro-carbon, with the curious, but
at present unexplained, fact that we got the spectrum
indications of h\drogen without indications of carbon.
In my laboratory work I have come across other curious

cases in which compound vapours, when dissociated, only

gave us one spectrum at a time—by which I mean that in

a vapour consisting of two well-known substances, under
one condition we only get the spectrunr of one substance,

and under another condition we get the spectrum of the

other substance alone, so in others again of both com-
bined. The evidence seems, therefore-—though I do not
profess to speak with certainty—entirely in favour of the

ideas of Sir Wilham Thomson and Prof. Tait on the one
hand, and of Schiaparelli on the other. I note this

because I shall have again to refer to the conclusion to be
drawn from it, namely, that there is probably an intimate

connection between nebulse, comets, meteorites, and
falling stars."

I have given the above extract to show that a mass of

meteorites at a temperature higher than that found to
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exist in a comet's head could give us the hydrogen

spectrum which was discovered with such richness in

the Nova, and which is represented in the spectra of most

nebulee.

The A^i97'(? now exists as a nebula so far as its spectrum

goes, and the fact not only goes far to support the view I

have suggested as against that of Zollner, but it affords

collateral evidence of the truth of Thomson and Tail's

hypothesis of the true nature of nebulte.

The nebular hypothesis in its grandeur and simplicity

remains untouched by these observations ; the facts so far

from being in direct opposition to it help us, I think, all

the better to know exactly what a nebula is.

There is another point of extreme interest to the spec-

troscopist if we accept the bright line observed in the star

by Dr. Copeland and others to be veritably the chief

nebula line.

It is clear from Dr. Vogel's diagram (given in last

week's Nature) that this line brightened relatively with

each decrease in the brilliancy of the hydrogen lines. On
December 8, 1876, it was much fainter than F, while by
March 2, 1S77, F was a mere ghost by the side of it. On
any probable supposition the temperature must have been
higher at the former date.

Now it is well knov<n that within certain limits the

lines in the spectrum of a compound body get brighter

with decrease of temperature, because at the higher one
the compound almost entirely ceases to exist as such, and
we get the lines of its constituents. It is a fair theory then

to suggest that the famous nebula line may belong to a

compound. Nay the fact as it stands alone further points

to the possibihty that the compound in question contains

hydrogen as one of its constituents.

J. Norman Lockyer
Craig Dhu, Kingussie, September 10

THE GLACIAL GEOLOGY OF ORKNEY AND
SHETLAND

NO one can claim to speak with more authority on
matters Orcadian than Mr. Laing, and few men are

better fitted to judge of evidence and probabilities. His

interesting letter (see p. 41 8 of this number of Nature)
calls attention to certain points which he regards as

affording a crucial test of the value of some contending

hypotheses in geology.

He asserts (i) That there is no evidence that the Orkney
and Shetland Islands have ever participated in the general

glaciation of Britain. (2) That these islands contain no
raised beaches or marine terraces to prove any alteration

of the relative levels of sea and land.

I. It would indeed be extraordinary on any hypothesis

that no traces of glaciation should exist in Orkney.

Could it reasonably be supposed that at a time when
" the adjacent islands of Great Britain and Ireland " lay

under a deep mantle of snow and land-ice which pro-

truded even from the opposite shores of Caithness, these

northern islets enjoyed a happy immunity from the cold

which sealed up the more frigid south .' I am afraid that

on the contrary we must believe Orkney to have been in

as evil case as its neighbours, no matter even if it should

have succeeded in subsequently divesting itself of all

traces of its wintry garb. It will not be necessary to

discuss the bearing of Mr. Laing's facts upon any rival

geological doctrines if it can be shown that the facts

themselves do not exist. He courteously invites examina-

tion and disproof, and I think with all deference to him
that I can point to evidence which when he next revisits

his county will satisfy him that Orkney is no exception to

the general glaciated condition of Scotlind.

I have twice visited Orkney, and each time was too

intent upon the curious history of the Old Red Sandstone
of that region to have time to note all the features bear-

ing upon the glaciation of the islands. But these features

were too striking to escape notice, and I find in my note-

books and on my map records of the observations jotted

down at the time. So far from there being, as Mr. Laing

asserts, no trace of ice-work among these islands, I found

them to be well glaciated and to contain in particular,

excellent illustrations of (i) j-oches moutonnecs, (2)

boulder-clay, and (3) valley-moraines.

1. Mr. Laing mentions the granitic axis which runs

north from Stromness. When he has occasion to cross

it again, gun in hand, let him stop here and there on the

exposed hummocks and he will find them admirably ice-

worn and striated. Well-preserved surfaces of this kind

overlook the wild cliffs of Yesnaby, and others, of equal

clearness, occur on the slopes behind Stromness. But
further examination will show him that these markings
are not confined to the hard granite and gneiss. Thus
on the roadside at the south-east end of the Lake of

Stennis, beautifully striated flagstones may bo seen, the

stria; in all these cases running north-west and south-

east, as if produced by a movement from the latter

quarter. Nay, even among the soft yellow sandstones of

Hoy, well smoothed and striated surfaces may be noticed

on the summit of the cliffs near the Old Man, at a height

of 600 or 700 feet above the waves of the Atlantic.

2. Unmistakable boulder-clay occurs in Orkney. It

is not generally or thickly spread" over the surface, as in

the lowlands of Scotland, but rather, as in Caithness, lies

here and there in hollows, the rest of the surface of the

islands being covered with a thin argillaceous soil,

derived, as Mr. Laing points out, from the decay of the

underlying flagstones. A thick mass of this boulder-clay

lies on the north-west side of Shapinsha, another in the

sheltered hollow of Kirkwall Bay, and a third forms a

notable feature on the north coast of Flota. Mr. Laing

cannot but be familiar with these and other localities, and

he probably refers the deposits there to disintegration of

the rock underneath. Of course the boulder-clay consists

here, as elsewhere, mainly of the debris of the rocks

below, and as these rocks are flagstone;, breaking up into

sharp-edged fragments, the stones in the clay are very

commonly more or less angular. If, however, he finds,

as he will assuredly do, that many of the stones are well

polished and striated along their major axis, he may be

satisfied that the deposit is a glacial one.

3. So far, the evidence which I have adduced shows

that the Orkney Islands participated in the general wide-

spread glaciation of the adjacent mainland. But we ni:iy

believe that in so northern a locality, if the form and

height of the ground in any manner permitted, the linger-

ing snows would still form glaciers on the hills, though

they had retreated from the lower grounds. Now there

is only one mass of high ground in Orkney—the island
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of Hoy, and there, if anywhere, traces of the last glaciers

should be found. Two years ago, when engaged with my
friend and colleague, Mr. B. N. Peach, in making a care-

ful examination of the north end of that interesting island,

I found what we had been in search of—a beautiful and

complete proof of the unconformability between the Upper

Old Red Sandstone and the Caithness flags. So engrossed

were we with the magnificence of the natural sections

where this structure is displayed, that we had climbed

into the mouth of the green corrie below the Coulax

Hill before we were aware that we stood upon a glacier-

moraine. But from the top of the ridge, and, still better,

from the steep grassy slope on the west side, three or

four successive horse-shoc-shaped mounds could be seen

extending across the valley, and becoming progressively

lower and shorter when traced upwards, till the last of

them died out at the base of the acclivity behind. Not

only were they in external form and arrangement as per-

fect examples of moraines as could be desired ; their

internal composition bore ample testimony to the same

origin. My companion and I found further proof that

the other valleys of Hoy had also once nourished their

separate glaciers, the most striking evidence being sup-

plied by a moraine-mound nearly half a mile long and

fifty or sixty feet high, which runs across the mouth cf

the glen to the east of Hoy Hill on the north-east side

of the island. The angular rubbish of this moraine rests

upon a stiff, red, sandy boulder-clay full of striated frag-

ments of red sandstone. The hills from which these

glaciers descended rise from 1,400 to 1,550 feet above the

sea. That so small and so low an island as Hoy should

have had its glaciers, creeping probably even down to

the sea-level, need not surprise us, when we remember
that small ocean-girt groups of mountains, like those of

Skyeand Mull, had their glaciers, and that even in Arran,

more than three degrees of latitude further south, and

from hills little more than 100 feet higher than those of

Hoy, glaciers existed on such a scale as to leave behind

them the huge moraines of Glen Cloy.

Mr. Laing refers also to Shetland, and though he states

that his acquaintance with that region is not so intimate

as his knowledge of Oikney, he believes that as little

evidence of glaciation can be found there as among his

native islands. In this case, too, I am afraid his state-

ments are too absolute. It is now many years since Mr.

C. W. Peach chronicled the occurrence of abundant

striated rock-surfaces and boulder-clays with striated

stones in the Shetland Islands (see " Report" of British

Association for 1864, Sections, p. 60). From my own
observation also I can speak confidently as to the correct-

ness of these determinations. Even on the low and
remote westerly islet of Papa Stour Mr. B. N. Peach and
myself found boulder clay and many transported blocks

of gneiss, schist, and other rocks foreign to the immediate

locality, while the prevailing pink porphyry showed glacial

stria; running N. 5" W. On the Mainland also, between

the head of Bixetter Voe and Walls, we observed some
curious mounds which if not true moraines are at least

parts of the glacial series. Since our visit my colleague,

Mr. John Home, has spent some time in Shetland and

has obtained ample evidence of the presence of a sheet

of ice over that region (see Nature, vol. xv. p. 139).

There can indeed be no doubt that both Shetland and

Orkney have been severely ice-ground and that the move-
ment of the ice has been on the whole along a north-west

and south-east line. So far therefore from these islands

ofl'ering any exception or difficulty in regard to this

geological question they bear their independent and
concurrent testimony to the now generally received

doctrine.

1 1. There is, however, one very remarkable feature of

Orkney and Shetland to which Mr. Laing has referred,

and with regard to which my own observations, so far as

they go, thoroughly bear out his statement. I allude to

the absence of raised beaches. During the surveys which

I have made in conjunction with Mr. B. N. Peach we
have continually asked each other what has become of

the familiar raised beaches which skirt the Scottish coast-

line even as far as the shores of Sutherland. Mr. Home
was equally struck by their absence. It is indeed incon-

ceivable that if our raised beaches be due to a rise of the

ocean level from the accumulation of a polar ice-cap (a

doctrine which I for one have never accepted) there could

fail to be found some remnants of them among the innu-

merable sheltered creeks and bays of these northern

islands, in positions where on the near mainland they

would assuredly be found. Well-marked raised beaches

skirt the north coast of Sutherland within sight of the

hills of Orkney. And yet I never observed any trace of

a terrace which by possibility could be made to do

duty for a raised beach, either in Orkney or in Shetland,

and Mr. Laing's much wider accjuaintance with these

islands confirms my belief that such terraces probably do

not exist in Shetland, if not also in Orkney. But the

difliculty of accounting for their absence is not incon-

siderable, even if we hold that our raised beaches point

to successive elevations of the land. Why should they

cease with the northern bays of the mainland of Scot-

land ? Can we suppose that the upheaval so marked in

Sutherland did not affect Orkney ?

During a recent visit to Sutherland and Caithness I

tried to find some satisfactory solution to these questions

.

It is important to observe that on the mainland the raised

beaches disappear when we pass from the crystalline

rocks into the Old Red .Sandstone. Travelling, for example,

along the coast-line froin Inverness, by the Beauly, Cro-

marty, and Dornoch Firths, we find ourselves, almost

without intermission, upon one or other of the level sandy

terraces which form so conspicuous a feature of these

shores. Even upon the strip of Jurassic rocks the same
platform runs on to Helmsdale. But northwards the

coast rises in one long line of precipice, from which slice

after slice is cut as the lines of joint split open under

the influence of air and sea. I have seen no satis-

factory raised beach in Caithness. The only places

where, from the shape of the coast-line, the existence

of such deposits was possible are in Thurso Bay, on the

coast between Dunnet and Duncansbay Heads, and in the

bays between Freswick and Wick. But even on these more

sheltered and less precipitous shores the rock usually

stands up in low cliffs and runs out in reefs, or

steep banks of boulder-clay rise from the edge of the

beach, or ridges of blown sand stretch for some distance

inland. Now the rocks of Orkney are identical with

those of Caithness ; they split up into the same long lines

of sea-cliff, they are swept by the same stormy seas, and
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washed by the same heavy tempestuous rains. Along by

far the larger part of the immensely-extended coast-line

of these islands no raised beach could have been formed,

or, if formed, could have remained until now. So rapid

is the retreat even of the solid cliffs, that both there and

in Caithness a Pict's house may now and then be found,

from which the outer walls on the seaward side have dis-

appeared, together with the solid ground on which they

stood, while the surge is ever breaking at the base of the

cliff below. Even into the sheltered inlets the same ver-

tical sea-cliffs often run, so that the possible localities for

the formation and preservation of raised beaches are

comparatively few in number. A more diligent search

among these fev/ resting-places may yet reveal the exist-

ence of some fragments of marine terraces in Orkney.

In the meantime the want of raised beaches in Caithness!

where, to judge from the proximity of those in Suther-

land, they probably at one time existed, should put us

on our guard against a too hasty and sweeping inference

from their absence in Orkney.

With regard to Shetland, however, the case is far

stronger. Rocks of many varied kinds form the islands

of that group running out into ridges and chains of islets,

and inclosing innumerable 7'i>c's and land-locked inlets.

Nowhere could there be a more admirable surface for the

formation and conservation of raised-beaches. The
absence of these deposits cannot therefore be accounted

for except, as I am constrained to believe, on the sup-

position that they never existed there at all. That inter-

rupted elevation of the land, to the pauses in which the

raised-beaches point, seems to have lessened towards the

north. It is still traceable by means of these terraces on

the northern shores of the mainland. Evidence of it has

not been detected in Orkney, though as I have said, this

may not show that it did not affect these neighbouring

islands. But when we recede to the far Shetlands, all

trace of the former lower level of the land ceases—at

least it is not preserved in lines of raised beach.

Arch. Geikie

PENNINGTON'S "BARROWS Oh
DERB YSHIRE "

Noics on the Barrows and Bone-Caves of Derbysliirc.

With an Account of a Descent into Eliien Hole. By
Rooke Pennington, B.A., LL.B., F.G.S. (London

:

Macmillan and Co., 1877.)

MR. PENNINGTON has done good service to

science by publishing his " Notes." The objects

he describes belong to the pateolithic, the neolithic, and
the bronze ages of Britain and Western Europe generally

;

but, following Prof. Boyd Dawkins, the author includes

the entire period between the close of the paleolithic

age and the earlier part of the iron age under the

comprehensive name of the prehistoric ages. Moreover,

to bring the eras of the archreologist into correlation with

those of the biologist, he reminds the reader that during
the prehistoric ages, " the animals living in Europe were
generally speaking the same as those which live there

now," whilst pakvolithic man was accompanied by the

mammoth, and many other extinct forms.

The author's prehistoric researches were conducted
partly in caverns, but mainly in barrows. The latter,

usually heaps of stone and turf, were either of an oblong

form, or, much more frequently, " round heaps, like a

basin or saucer turned upside down."

The circular barrows appear to have been in some
cases nearly fifty feet in diameter, and fully five feet high

at the centre. That on Abney Moor was surrounded with

a rampart of earth fifty feet in exterior diameter, and
having on it ten upright equidistant stones about three

feet high, whilst the inclosed mound measured but twenty

feet across. Almost all the barrows appear to have

yielded human bones, and in some instances more or less

complete skeletons, some of which occupied stone cists,

whilst others did not. The body of a young man, about

seventeen years of age, had the skull protected with four

stones, one being a cap stone, whilst large pieces of

limestone were piled irregularly round the rest of the

skeleton. All the bodies found entire were in a con-

tracted position, and there seems to have been a tendency

to place them on the left side, facing north or north-

westerly. Two or more skeletons were found in some
cases in the same barrow, and two were met with in the

same cist in a barrow on Gautriss Hill, in Siggett

barrow the skeleton of a child was found very near the

feet of that of an adult. Some of the barrows contained

evidence of cremation ; thus, in the centre of that on

Abney Moor was a large flat piece of sandstone, on

which human bones, accompanied by flint flakes, a chert

flakcj beads of jet and of amber, and a good arrow head,

had been carefully deposited. There was satisfactory

evidence that the funeral fire had been lighted on the

spot.

Relics of water-rat, horse, red deer, roe deer. Bos

longifrons, goat, hog, and dog were also found in the

barrows, and, with the exception of the first only, com-
mingled with the human remains. In a cist in Oxlow
barrow part of a boar's tusk had been placed with the

human skeleton. The horse, roe deer, goat, and dog

appear to have been the least prevalent forms. On the

other hand, when speaking of water-rats, the author says,

" I never explored either a burial mound or a cave with-

out finding plenty of them;" and in one instance he says

" Rats came out by spadefuls."

Of articles made or selected by man the barrows

yielded a cut antler, quartzite and other "foreign"

pebbles, chipped flints, pottery, chert flakes, beads of jet

and of amber, holed stone hammers, bone pins, arrow

heads, and bronze rings and celts.

The prehistoric caves and " rock shelters " situate in

Cave Dale, Hartle Dale, and Creswell Crags, contained,

with the exception of roe-deer only, remains of all the

barrow animals, and of wolf, fox, shrew, badger, cat, hare,

rabbit, duck, and fowl, in addition. They also yielded

flint flakes, a holed sandstone hammer, charcoal, pottery,

some of which was Roman, a cut stag's horn, a bone

comb, pieces of jet, a celt and some ornaments in bronze,

a few iron articles, and a coin of Hadrian.

When speculating on his discoveries the author remarks

of the skeleton of the youth supposed to be about seven-

teen, that the people who buried him must have been
" actuated by some other feelings of respect than those

springing simply from personal valour or wisdom. This

boy must have been of some rank
; possibly the eldest

son of the chief. The rudiments of government and of
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hereditary station seem to have existed, for it was not
every person who was honoured by so large a cairn."

The contents of the long-shaped barrows differed from
those of circular outline. The former contained neither

metals nor burnt bodies ; all the human skulls were long

or '•'boat-shap;d;" and the barrows seemed of higher

antiquity than the others.

The neolithic and the bronze people had similar cus-

toms ; each disposed of their dead by cremation, as well

as by burying some of them entire and in a contracted

position ; each used polished stone celts, and jet and
amber ornaments ; each made coarse pottery, and orna-

mented it with the same rude designs ; and during each

period the skulls of some of the people were long and
narrow, whilst those of others were round.

The evidence of infanticide, slaughter of slaves, and
cannibalism during the prehistoric ages is thought to be
too conclusive to admit of doubt.

We must content ourselves with a brief mention of the

Palaeolithic " finds " described by the author. He first

found bones in 1870 in Windy Knoll quarry, near the

northern part of the mountain limestone of Derbyshire.

Aided by Mr. Tym he began systematic work there in

1S74, and Prof Boyd Dawkins joined them in 1S76. A
cavity in the rock—not a cavern—proved to be crammed
with remains of grizzly bear, wolf, fox, water-vole, shrew,

bat, bison, reindeer, roe deer, hare, and rabbit. Omit-
ting vas' numbers of mere fragments, there were more
than 3,500 bones and teeth of bison, of which a large

number were calves ; 1,200 specimens of reindeer, also

including calves, but in a lower ratio ; and sixty canine

teeth of grizzly bear—the only ursine species met with.

The remains varied much in their state of preservation,

but a very large number were perfect, and many were in

their proper relative positions.

The history of the "find" was probably this:—"A
swampy place was resorted to by the migrating herds of

bison and reindeer. The overflow would escape into the
' water-swallow ' hard by, a precipitous place into which

animals might and did fall." There was no trace of

mammoth, rhinoceros, hya;na, or man.
A fissure in a mountain limestone quarry at the Staf-

fordshire village of Water-houses yielded, in 1864,

remains of mammoth, hippopotamus, and rhinoceros,

about twenty feet below the surface of a deposit of loam
and angular fragments of limestone, and containing a

number of quartz pebbles. In 1873 relics of bison, horse,

and wolf, were met with in a prolongation of the same
fissure, but at not quite so low a level. The bones were

probably all of them those of animals which had fallen in.

Mr. Pennington has increased the value of his book
by giving an account of the Rev. Mr. Mello's discoveries

in the caverns of the Permian formation at Creswell

Crags, on the confines of Derby and Nottingham shires.

Mr. Mello began his researches in 1S75, and in 1876 an
exploring committee was formed, who have thoroughly

examined the Pin Hole, Church Hole, and Robin Hood
Caves. In the last the deposits were, ist, or uppermost,

soil containing Romano-British relics ; 2nd, breccia ; 3rd,

light-coloured " cave-earth ; " 4th, a mottled bed ; and

Sth, or lowest, red sand. Remains of extinct animals

occurred in the lowest three, and included Machalrodiis

latideiis, cave lion, leopard, wildcat, cavehysena, wolf, fox.

Arctic fox, glutton, grizzly bear, brown bear, pole-cat,

water-vole, mammoth, woolly rhinoceros, horse, bison,
reindeer, great Irish deer, wild boar, and hare. We
observe, however, that Prof. Boyd Dawkins does not
mention the Arctic fox, or the glutton, or the wild boar as
amongst the " finds " (see Qmirt. Jouyji. Gcol. Soc, No.
31. PP- 590> 602). The remains of hyajna were very
numerous, and the condition of the older osseous relics

betokened that at least most of them had been introduced
by him. The author is of opinion that the fauna was
Arctic or north temperate.

The lower deposits contained large numbers of broken
and chipped fragments of quartzite, which must have been
derived from a distance. Flint flakes occurred in hundreds,
and of all sizes and forms, in the upper layers, where
quartzite fragments were but few. Scrapers andjlance-
points were the commonest of the flint tools. Bone
implements were also met with, and included a needle and
a pin or lance-head, &c. There was also a sketch of a
horse on a piece of flit bone— the first, and, up to the

present time, the only example of palEeolitbic fine art

found in Britain. The explorers also met with a piece

of amber and bits of charcoal, and found reason to believe

that the hare was largely used as food. The amber does
not appear to be mentioned by Prof Dawkins.
Our limited space forbids us to follow the author through

his interesting speculations on palajolithic anthropology
;

but we cannot help doubting whether the exploring com-
mittees of the caverns near Settle and Torquay will

endorse his opinion that "no caverns in this country

have furnished such a variety of evidence as to ancient

man and the animals which furnished him with food and
clothing " as those of Creswell Crags. Those of us who
at the close of the Plymouth meeting of the British Asso-
ciation, visited the caverns at Brixham and Torquay, and
noted that they almost overhang the sea, cannot but
regard the author's proposition that "the paktolithic

cave dweller of England was an inlander " as being much
too sweeping.

Finally, whilst perusing the volume which we now close

reluctantly, we have again and again caught ourselves

wishing that anthropologists would supply us with good
definitions of "savage" and "barbarian," and tell us

whether the words are to be used as synonyms.

OUR BOOK SHELF
Mathematical Questions, with their Solutions, from the I

''Educational Times." Edited by W. J. C. Miller, 1

B.A. Vol. xxvii. from January to June, 1877. (Lon-
don : C. F. Hodgson and Son.)

Ju.ST fifteen years ago we became aware, by the chance
sight of a copy of the Educational Times, of the exist-

ence of a paper which gave up three or four pages
monthly to the proposal and solution of mathematical
questions. We at once sent to England, and a more
careful examination of the copy we received showed us
that it was a publication of very high merit, at least as

regarded this one department. Hitherto we had in the

main confined our mathematical reading to the usual rut

passed over by mathematical masters who have only to

do with the teaching of ordinary boys ; now we were in-

duced to join the, at that date, small band of contributors

who rallied round the mathematical editor and derived

much pleasure and profit from the study of the many
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elegant solutions which were constantly being given.

We have the number for October, 1862, before us, in

which are Questions 131 2 to 1320 proposed under six

different names ; we turn to the number for the current

month, and the questions range from 5387 to 5419 from
as many individual proposers, whose names are given.

Here is evidence that a want has been met, and that

there is considerable vitality in this direction ; indeed,

we may remark that this is the sole English periodical

(since the demise of the Ladfs and Gentlciuati's Diary)

to which mathematicians can send high-class problems.

University and college examinations swallow up a great

deal of what is produced by residents at the universities,

but these pages are open to all comers.

It soon occurred to us that here was a great mass of

useful work being done and yet not producing the full

benefit it might do if it were reproduced and published in

a separate volume. The editor at once fell in with our

views ; indeed we found that the like idea had occurred

to himself. There were, however, supposed pecuniary

and other difficulties to encounter, but at last these were
got over and the work, after one volume had been pub-
lished, took its present form, which is now a conspicuous

one on many a student's shelf The fact that now their

solutions would be treasured up in this more desirable

shape seems soon to have led our foremost mathe-
maticians to give in their adhesion, and as we run over

the long list of contributors prefixed to the volume before

us, there is hardly a name familiar to us which is not to

be found there. France, Italy, and America also, are

fairly represented. Ladies, too, there are, showing that

" the gay determinant

For (them) its rows exclianges,

While Hamilton's weird delta turned (v)

O'er all the symbols ranges."

It says very much for the ability, in more directions

than one, of the editor, that he has nursed the bantling

which was handed over to his care more than sixteen

years ago into the vigorous and lusty athlete of to-day.

Nothing mathematical comes amiss to his net, but we
may say that though the Dii majores roam about in their

own special pastures, he has a marked predilection for

the line taken up and well-worked out by Messrs. Wool-
house and Crofton, i.e., of probability in its many
applications.

It only remains to say that the " Reprint " is more than

a reprint, for it contains about as much more original

matter as appears in the monthly paper. Space is found
for detached papers and notes, and for alternative solu-

tions, often of equal, if not greater, interest, than the

previously published matter.

There are occasional parenthetical notes—we think it

should be more clearly indicated who is responsible for

these, as they are often valuable ones.

The training the printers have gone through in getting

out these solutions has placed them on a high level as

printers of mathematics, and the volumes of this series

reflect great credit upon them.

CroiiicoH Cientijico Popu/ar. I'or D. Emilio Huelin.
Vol. I. (Madrid: 1877.)

We perused this volume with interest and pleasant
surprise ; we were pleased at finding it to be an excellent

and well-written review of all new occurrences in the
scientific world, and wc were surprised to see such a work
emanate from a country which hitherto has contributed
but too small a share towards the progress and welfare of
science. If we place Turkey at the head of the list of the
most unscientific countries in Europe, Spain and Portugal
certainly come second on that list ; it is gratifying,

therefore, to see some sign of improvement. We con-
gratulate Senor Huelin on his valuable publication, which
is one of the best of the kind that has yet come under
our notice. The arrangement of the contents of the

volume is particularlygood. The first fevvchapters are dedi-

cated to generalities and the philosophy of sciences ; some
of them contain detailed lists of all scientific publications
in the world. Then follow numerous chapters relating to

the latest discoveries, inventions, theories, &c., on the
domains of physics, chemistry, astronomy, meteorology,
mineralogy, and geology ; the chapters of the physical
section alone numbering no less than eighteen, and those
of the chemical section as many as twenty. Any occur-
rence at all worthy of record up to the end of last year is

faithfully mentioned in the book. The second volume
will contain the biological and mathematical sciences. We
wish Senor Huelin and his publishers every success with
their valuable addition to scientific literature.

Die Katuikidfle. Band 21. "Die Insekten" (ist part):
" Der Organismus der Insekten." With 200 original

Woodcuts. By Dr. Georg Mayr. (Miinchen : R.
Oldenbourg, 1877.)

The importance of an examination of the internal as well

as the external anatomy of insects has unhappily not
hitherto engaged the attention which it deserves at the

hands of British entomologists. It is a fact v/hich

cannot be disputed that by far the greater portion of that

energy which our country has exhibited in the investiga-

tion of this branch of natural science has been devoted
to the mere founding of types, and in consequence but
little light has been thrownupon the ever-increasing array
of problems which puzzle the biologist.

In studying the affinities of insects it is quite as
important, and in all probability more so, that the
internal structure and the embryology of insects should
be known, as the external characters and the meta-
morphoses ; it is therefore with unmixed pleasure that we
v/elcome the appearance of Dr. Mayr's admirable and
ably-illustrated treatise.

It would be impossible here to give even an outline of

the vast series of facts which the learned author has
brought together, nothing relative to the organism of
insects being regarded as too insignificant for careful and
unwearied research ; as an instance of the thoroughness
of his labours we would especially call attention to his

interesting observations on the action of the legs of insects

when walking, a point which he seems thoroughly to have
studied and which he has amply illustrated, although
many students would probably have regarded it as a
matter of little moment. In fine, the entire volume is

most valuable, and should be esteemed as a necessary
hand-book, not only by every entomologist, but by all

who have the interests of natural science at heart.

A. G. B.

LETTERS TO THE EDITOR
[T/ie Editor does not hold liimself responsible for opinions expressed

by Ins correspondents. Neitlter can lie undeitake to return,

or to coiTCspond with the writers of, rejected manuscripts.

No notice is taken of anonymous communuations.

The Editor urgently requests correspondents to keep their letters as

short as possible. The pressure on his space is so great that it

is impossible otiierwise to enstire tlie appearance even of com-
7nunications containing interesting and novel facts.\

Glacial Geology of Orkney and Shetland

A RECENT visit to Orkney has brought forcibly before me
certain points of the highest interest in modern glacial geology,

upon whicli, I believe, the state of the surface deposits in these

islands is calculated to throw considerable light.

I may premise that .although I am perfectly well acquainted

with all the usual glacial phenomena of the North of Scotland,

as described in Geiltie's and other works, I am not a sufficient

practical geologist to speak with positive certainty, though I think

I know enough of the subject to establish n. priinA facicc-M^ for

what I have seen with my own eyes, and which I put forward

in the hope that more competent observers may direct their
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attention to the subject and either confirm or disprove facts

which, if true, would seem to afford a crucial test of the truth

or falsehood of some of the most important theories of modern
geology.

The fact which I assert is, that there are no traces of glacial

action, or of raised sea-beaches in Orkney.
I speak from an intimate personal acquaintance with these

iiiands, which arc my native county, and almost every yard of

whose surface and shores I hive explored with rod and gun, and
in the course of canvassing at elections, and for many years back

keeping a special eye on this very subject. Now I can assert

positively that I never saw a boulder or perched block, or the

trace of any till, boulder clay, kame, eskar, raised beach, or

other form of glacial or marine action.

The whole of the islands consist—except a small patch of

gr.mitic axis—of Devonian strata, bare in pUces, but for the

most part covered with a mantle of soil, which is the obvi >us

result of the disintegration of the subjacent rock by existing sub-

aerial causes, such as wind, frost, and rain.

In places, where soft strata come to the surface, this soil is

deep and clayey, and the sections of it, afforded by the coast-

line, might readily be mistaken at a distance, or by a super-

ficial observer, for boulder-clay. But a close examination will

show that the stones in this stony clay are always angular and
always similar to the adjoining strata, and that the larger stones

are generally deposited, allowing for subsidence and displace-

ment, in the original lines of stratification conformable to those

of the unworn rock below them. A good example of this may
hz seen withm 2Co yards of Kirkwall, on the east side of the

bay under Crorai\eU s old fort.

Let any one compare this with the section of glacial boulder-

clay shown on the other side of the Pentland Firth at Scrabster,

and he does not require to be a geologist to understand the

difference between a surface soil of gla;ial deposit and one of

disintegrated rock.

In like manner I have ob.erved innumerable sections of surface

soil and of mounds and ridges, which at first sight might have
passed for marine or glacial, and I have invariably found them
to consist of angular fragments of the subjacent rock passing

on the one hand into thoroughly decomposed rock or soil, and
on the other into the solid strata on which they rest.

I beliei'e I may state broadly that there is not a rolled or

rounded stone or pebble, or trace of sand or gravel, in all

Orkney above the level of the present sea-beach and blown
sands, and away from the beds of the existing lakes and small

streams.

There is not the vestige of a raised beach along the hundreds
of miles of rocky coast of the various sounds and islands, or in

the many sheltered inlets where, in the nearest counties of

Scotland such as Sutherland, Ross, and Cromarty, raised beaches

are invariably seen. All recent movements seem to have been
movements of subsidence and not of elevation. The Loch of

Stennis, with its surrounding plain, affords conclusive proof that

al no recent geological period can the level of the sea have stood

higher relatively to that of the land than it does at present. Had
it done so the Loch of .Stenn^s, which is nosr exactly level with

the sea so that the tide Hows into and out of it, must inevitably

have been a sheltered inland fiord of salt water extending to the

hills which bound the plain, which as the land rose or the sea

retreated, must have left the plain covered with sand, shingle,

and marine or brackish shells, of none of which is there the

slightest trace, but, on the contrary, the ordinary rock strata

with their disintegrated surface soil, occupy the whole plain and

come up to the margin of the exis'ing loch.

Now as to the inference from these facts.

The received theory of most glacialists is, that during the

glacial period there was a great polar ice-cap extending over the

whole of Scandinavia, .Scotland, and a great part of England
and Ireland. As a corollary of this many draw the inference

that such an accumulation of ice, by displacing the earth's centre

of gravity, would raise the level of the sea in the Northern

hemisiihere, and thus account for the higher levels relatively to

the land at which it has undoubtedly stood.

Others contend that the glaciation was more limited and only

extended in islands as it were, round each considerable mountain

group in northern latitudes, and these attribute the phenomena
of raised beathi:s, &c., to local elevations of the land rather th n
to general elevation of the sea.

Now here appears to me to be an opportunity of applying the

experifneutitiii cnicis to these two conflicting theories.

If it be true that Orkney is not glaciated, and has no raised

beaches, it seems to follow that the second, and not the first, of

these theories must be the true one.

The second theory would account perfectly for the boulder-

clay being found in Caithness, over the plain of which we may
easily suppose the glaciers from the great mountain range which
bounds it on the south and west, to have extended as far as

Scrabster and the south shore of the Pentland Firth, while in

Orkney there were no glaciers, because there was no great local

mass of mountain region to produce them.

But, on the theory of a great ice-cap, I cannot see how
Orkney could faU to have been planed by ice and covered by
boulders, perched-blocks, and masses of glacial clays, sands,

and gravels.

In any case the absence of raised beaches and of all traces of

marine action above the present sea-level, seems to be inconsistent

with any theory of a general and uniform rise of the ocean in these

latitudes.

As regards the Shetland Islands I cannot speak with the

same confidence, not being so intimately acquainted with them
;

still, having travelled over a great part of the principal islands,

and coasted along their shores, I can assert that I have never

seen any traces of glacial action, or of raise! beaches. The
latter must, I think, inevitably have shown themselves in the

form of sea-caves at a higher level, such as those at Cromarty,

had they ever existed, as the present line of exposed rocky coast

is worn by the waves into innumerable caves and clefts.

As to boulders or boulder-clay, I do not believe they exist,

and the only rouaded or water-worn stones I have ever seen

have been rolled in the Devonian and not in any modern seas, and

result from the surface disintegration of the great conglomerate.

These are abundant in exposed situations, and they show the

necessi y for care in inferring modern glacial or marine action

fiom the presence of rolled stones of foreign rocks.

In conclusion, I believe that these groups of islands, Orkney

and Shetland, have never been subjected to glacial action or

suljmerged and subsequently elevated, in any recent geological

period, and that these facts are inconsistent with any theory of

a great polar ice-cap, or of any uniform rise of the level of the

ocean in northern latitudes. S. Laing
Brahan Castle, Dingwall, N.B., August 25

Meteorological Effects of Eclipses

In connection with certain variations of temperature observed

during the total eclipse of the moon on August 2+, 1877, by M.

Berigny, and discussed at a late meeting of the French Academy

of Sciences, as reported in Nature (vol. xvi. p. 412), I am
reminded of some observations made on board H.MS Challciigei-

during the total eclipse of the sun on April 6, 1875. Tlie position

of the"ship at noon of the day of the eclipse was in lat. 27° 13 N.,

Ion". 137° 59' E. about 400 miles south of Japan and 200 miles

due°west 01 the Bonin Islands. If my memory be correct, the

eclipse was only partial for the part of the world we were in, a

portion of the sun's disc being still v.sible in the shape of a thin

crescent at the moment of maximum obscuration. The eclipse,

occurred in the afternoon, and was heralied by a breeze from

the south-west, which continued during the rest of the evening ;

but what at the time struck us as very remarkable was the lact

that it was accompanied by a rise of the surface temperature

of the sea, as will be seen from the following observa-ions ma.,e

at the time :

—

April

Noon to
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During the discussion in the Frendi Academy the theory
suggested by M. Berigny tliat an echpse of the moon might have
an apprecialile efifect upon the temperature-conditions of our
atmosphere, namely, by cooUng the latter, does not seem to

have met with much encouragement. It would be more extra-

ordinary If such a phenomenon as a total eclipse of that luminary
were found to exercise no disturbing influence of any kind upon
the terrestrial atmosphere during the time of its occurrence.

J. J. Wild

The Development of Batrachians

In reference to the article in Nature (vol. xv. p. 491) on the

development in certain instances of Batrachians without meta-

morphosis, Mr. B. G. Wilder writes to the American Naturalist

(vol. xi. No. 8, August, 1S77, p. 491) to point out that the

author of the article in Nature has overlooked Prof. Wyman's
observations on the development of Pifa americana, published

'vci^& American Jcrurnal of Science and Art for 1854 (ser. 2,

xvii. pp. 369-374).
Wyman has there stated that the eggs of Pipa are transferred

by the male to the b.ick of the female, which presents " a uniform
surface throughout." " Their presence excites increased activity

in the skin, which thickens, and is gradually built up around
each egg, so as at length to inclose them in a well-defined

pouch." On pages 370 and 371 he figures and describes the
earlier embryos as having " three branchial appendages on each
side of the head." " In a later stage the external branchiae had
disappeared, but a small branchiil fissure was detected on each
side of the neck, and within this on each side a series of fringed

branchial arches."

In endeavouring to obtain some confirmation of Prof. Wyman 's

observations, Mr. Wilder suggested an examination of certain

eggs of this singular Batrachian preserved in the Warren Ana-
tomical Museum of Harvard University. The examination was
made by Mr. C. S. Meriot, who reported as follows :

—
" I have examined two eggs from the back of the Pipa, and

found the embryos a little more advanced than that figured by
Prof. Wyman ; they are between 12 and 13 mm. in length.
The gills were partly absorbed, but a single slit wuh the gills

still projecting could be readily seen on each side at the back of
the head. I could not make a more detailed examination, as
the eggs were not well enough preserved."

It would therefore appear that Dr. Peters' remark (which
was translated in the above-mentioned paper in Nature on
this subject) that "no one has defected branchin; in the embryo
of the Surinam toad " is not well founded. It would be very
desirable, however, to have further observations on this interest-
ing subject made, as likewise on the development of Hyhdes
martinicensis, which was the principal subject of the former
communication to Nature. P. L. S.

Notes on the North East Australian Monolremata

English naturalists seem to be "all abroad " on this subject,
judging from some remarks iu Nature, vol. xv. p. 257.

P. L. S. states his conviction that Tachyglossus will be dis-
covered in the ranges of N. (Queensland vi-hen these have been
properly examined, being evidently quite unaware that both
Tachyglossus and Ornithorhynchus have been known to inhabit
the northern part of this colony for several years, and that a
discussion has been carried on for some months in the columns
of the Queenslamier, on the "Generation of the Echidna and
Platypus," between Dr. Bancroft and Mr. Befinett. I merely
allude to this subject to give English naturalists the latest dis-
coveries made by Dr. Bancroft in his researches into this more
than usual /nV/i-/)' subject.

Dr. Bancroft dissected a female specimen and found a quantity
of milk in the stomach. He was unable to find any mammary
glands, and came to the conclusion that the mother Echidna fed
Its young by regurgitation. This theory was combated by Mr.
Bennett.

On dissecting a second female Dr. Bancroft discovered the
mammary glands, but not like those of any other known
mammal, for the nipples were inverted, the cavities thus formed
being protected by stiff bristle-like hairs.
The young Echidna h.is to thrust its bill into the cavity to

obtain its food. This is a curious adaptation to the wants of an
animal, for it is certain, from the curious formation of the head

and rostrum, that it would be impossible for the young to suck a
nipple ; as it is the forcing in of the bill expresses the milk
which it is enabled to suck m when lying in the bottom of the
cavity.

I secured a specimen of an adult female having a fine healthy
young one in the pouch, and preserved both. On opening the

stomach I noticed a quantity of a white substance which seemed
to be inclosed in a thin membr.ane. I did not know what this

was until I read Dr. Bancroft's letter on the su'iject, but unlike

him I arrived at a dilTerent solution of the puzzle. Instead of

the females .sucking themselves (the way in which Dr. Bancroft

accounts for the presence of milk in the stomach), I believe that,

after a certain time, when the spines begin to grow on the

young Echidna, the irritation causes the mother to take it out of

the pouch, and to feed it by regurgitation, until its spines are

sufficiently grown to protect it from its enemies. I was led to

this belief by discovering a nearly adult male with no sign of any
food in its stomach except milk.

I was encouraged to dig this individual out of its stronghold,

by noticing several unusually large tracks going in and out of

the burrow. These, undoubtedly, were the footprints of the

female when she came to feed the young. The spines on this

specimen were not at all stifiT, especially at their bases, and
would have offered little or no protection against the attacks of a

native dog or eigle. This may seem a wild proposition, but I

have only adopted it after mature thought, and observing four

different females.

We must adopt some explanation to account for so strange a

phenomenon, unless we jump the question by allowing that the

females of Tachyglossus suck themselves, a mosc unlikely pro-

ceeding on their part, and a solution to the difliculty as

unsatisfactory as it is improbable. We have only to guard
against chronicling false facts which seem to me to be the

greatest enemies which science has to contend with, and we are

not so apt to go wrong. Mistakes are often made, but invariably

meet with a correction, and should the above solution to a

difficulty which has taxed, and is still employing, some of our

wisest heads, prove wrong, I shall be only too glad to accept the

correction, thankful that my blunder has assisted in rightly

solving an interesting and vexed question. The blacks inform

me that the Echidna lays a white egg, and the Platypus a black

one, which are hatched in the abdominal pouch.

I trust that some of your many scientific contributors will come
to our rescue in solving this point. W. E. A.
The late discoveries by Goldie, D'Albertis, and MacFarlane,

have produced a number of forms (botanical) identical with

those obtaining in N. E. Queensland, thus further proving the

original fundamental unity of the two countries. The Australian

Dingo ought to be found in New Guinea as also our tiger cat.

W. E. A.

On Time

I HAVE deferred my answer to the remarks of Mr. J. J.

Murphy (Nature, vol. xvi. p. 182) till now, in order to see if

my letter of June 14 would cause more discussion. But it

seems that my views are not deemed worthy of much con-

sideration in England ; I shall therefore say only a few words
in conclusion here, but hope to take up the question elsewhere.

Mr. Murphy thus summarises a part of my letter:—"The
postulate that a velocity, e.g., that of the earth's rotation con-

tinues unchanged, is arbitrary, incapable of proof, and justified

only by pr.ictical convenience." I should wivh that he had
added, "and to be settled by definition." Mr. Murphy goes on
to say, " It seems to me, on the contrary, that the postulate is

not necessarily arbitr.iry but may be absolutely justified by fact."

I do not believe there is a great difference between " justi-

fying something by practical convenience" and "justifying it

absolutely by facts." Perhaps, in the opinion of Mr. Murphy,
the constancy of the velocity of the earth's rotation is proved by
the pendulum. But it is universally admitted that the pendulum
is controlled by the earth and not the earth by the pendulum.

Mr. Murphy, in admitting that he sees no way of proving that

the force of gravitation continues unch.anged, acknowledges that

in natural philosophy many things are taken for granted which
call for closer consideration, and this was precisely my motive

for writing my letter.

Though Mr. Murphy does not agree with me in all points I

am thankful for his remarks. \'. .\. Julius
Breda, Holland, August 29
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A NEW REGISTERING THERMOMETER-^

THE registration of temperature is one of the most
difficult of meteorological problems. Among

the registering instruments employed the thermometer

is cenainly that to which most attention has been
devoted, and yet no soluiion has hitherto given re-

sults altogether satisfactory. The extreme mobility of

the temperature of the air and the small force at our

disposal for acting upon the registering apparatus, are

special hindrances to the solution of the problem. In

England, in the various observatories, the photographic

method is used. The reservoir of the thermometer is

placed outside under cover, and the tube, entering the

wall, is re-curved vertically in the interior ; a photo-

graphic apparatus placed opposite this column of mer-

cury registers the different heights. This process neces-

sitates a thermometric reservoir of considerable volume
in order that the displacements of the column of mercury
may be appreciable for very small variations. These
exigencies afifect the sensitiveness of the apparatus ; it is

not a less serious inconvenience that the reservoir must be
placed near the wall of the shelter where the self-recording

photogiaphic apparatus is arranged. In Switzerland the

metallic thermometer is employed, and is more easily

managed, but here again the metallic spiral must be
placed very close to the registering apparatus.

The new registering thermometer which M. Herv^
Mangon has sought to construct by utilising the differen-

tial wheeljvork of M. Redier, seems to us based upon a

sound principle. It consists of a mercurial thermometer

with weights so arranged that the thermometer may

M. Herve Mangoa's New R ructea by M Red;t

be placed at such a distance from any dwelling as
j

rot to be subject to the influence cf surrounding
'

objects. Communication between the thermometer and
the registeiing apparatus is established by weans of

electricity.

The ins'rument consists of two quite distinct paits :— '

I. The thermometer proper, and the balance which serves

to indicate the differences of weight which are the result of ,

variations of temperature. 2. The registering apparatus.

The thermometer, the diameter of the mercuriol column
j

of whi(.h we have considerably amplified in our illustra-

tion, to render it appreciable, is composed of a very fine

tube, R ; it presents a large su:face, containing in reality

only a very thin column of mercury. This tube R is

* From an article in La Nature by M. Ga*;ton Tissandier.

supported by a cast-iron frame-woik, and is connected
with a bell-glass v ; its very slender extremity is plunged
into a small cup^o-', containing mercury, and placed upon
one of the scales of the balance b.

The balance b is an ordinary balance of precision ; it

be?rs above the beam a small metallic disc which deter-

mines a contact at C every time the equilibrium is broken
in consequence of an increase of temperature. The second
scale also bears a cup_j-, containing glycirine. A glass tube

T T, connected with the registering apparatus, dips into this

cup g^ and communicates at its other extremity with an-

other cup, G, which forms avessel communicating v ith the

former. The bell-glass v covers the balance, ard permits

the exposure, without danger, of that part of the instru-

ment to the inclemencies of the air. It will be at once

seen bow to arrange things in order to put the in;trument
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in working order. After having fixed in its support the

lube filled with mercury, and being assured that the fine

extremity dips well into the cup <', we place the balance
in equilibrium by abiding weights to the other scale. The
bell-glass v, which has been raised for this operation, is

then put in its place, and the instrument is ready for

action.

The registering apparatus is composed of the double
differential wheelwork of M. Kddier, which works as fol-

lows :—Two wheels m and M' moving in opposite direc-

tions, are terminated by small flies, very delicate, and
turning very swifily ; they arc connected by a difierential

train, the axis of which carries a pulley with a double

groove A. Between the two flies oscillates a needle, one
extremity of which serves to arrest alternately one of the

two flies. At the other extremity a, of the needle, is a
soft-iron pallet on which acts an electro-magnet E, every

time contact is made by the balance at C. The needle is

mounted on an axis which permits it to oscillate right

or left according as it obeys the electro-magnet or a small
antagonistic spring.

The double-grooved pulley A carries two threads the

one attached to the pencil K and terminating in a weight
O, the other bearing a small cylinder and plunging into

the cup G containing glycerine and connected by a tube
with the cupij placed on one of the scales of the balance.

Of course the cups G and g must be placed in the same
horizontal plane. A cylinder H, moved by the clock-

work L, carries the paper. A second pencil K' serves to

trace upon the paper a small mark intended to control the

progress of the wheel- work L. This mark may be made
automatically by an electric contact proceeding from a
regulator of precision.

Let us see now how things work. Suppose the tempe-
rature rises (the explanation which follows will account for

the mode of action of the apparatus when the temperature
falls), the weight of the mercury in the cup at g' will in-

crease, the equilibrium will be destroyed, and the contact C
of the balance will be established ; the electro-magnet E
will attract the end a of the needle, and the fly of the

wheel w' will be free ; the pulley a w'U then turn to the
left, the float will sink in the cup G, and the pencil will be
directed towards k'. The float of the cup G, in descending,
will raise the level of the liquid at G, and at g, and con-
sequently will increase the weight in the scale of the
balance which holds the cup _;,', and at the moment that

equflibrium is thus again established, the contact at C
will be broken. The end a of the needle ceasing to be
attracted by the electro-magnet will respond to the appeal
of the antagonistic spring, and disengage the other fly.

This fly of the second wheel M disengaged, permits the
pulley A to turn to the right, drawing the pencil from K.'

to K, and causing the float of the cup g to reascend, and
consequently diminishing the weight at g. That loss of
weight breaks anew the equilibrium of the balance, the
contact at c is re-established, and the same course is

repeated as we have explained above.
It will be seen from what we have said that the clock-

work is always in motion—now to the right, now to the
left—even when the temperature does not vary ; the
curve obtained has then the aspect of a small zigzag, but
so fine that it is difficult to detect it. This arrangement
permits, so to speak, the double wheel m m' to test the
balance for the slightest change in the conditions of
equilibrium.

The tube r T connecting the two cups G and g may be
placed underground, and the electrical communication
between the balance and the electro-magnet E is easily

established at any distance desired.

On the prolonged axis of the pulley A we may place a
rigid needle, and indicate by a simple transmission the
temperature on a large card placed outside.

This apparatus has been constructed in a thoroughly
artistic manner by the able constructor, M. Redier.

NEW ELECTRIC LIGHTS

AN examination of the voluminous records of the
Patent Office discloses the fact that the activity in a

particular line of invention periodically waxes and wanes.
After slumbering for a number of years the problem of

procuring effective electrodes for the production of the
luminous electric arc has of late been revived, and with a
success hitherto unattained. The immediate cause of

this has probably been the recent improvements of

magneto-electric machines culminating in the Gramme
and the Siemens machines. An efficient source of elec-

tricity for the production of the light having been supplied

by these and other machines of a similar kind, a stimulus

was given to the invention of electrodes or wicks which
would employ the magneto-electric current to best advan-
tage in giving out light. The old faults of the carbon
points had never been quite overcome. The manufacture
of the points from soft-wood charcoal, fine coke dust,

lamp-black, calcined sugar, tar, resin, or mineral oil, cic,

had done much to render their consumption steady and
uniform ; and the regulators of Serrin and Dubosq had very
successfully overcome the widening of the luminous arc

by the wasting of the positive electrode. For large fixed

lights with several sets of luminous points, such as are

employed as beacon-lights on land or at sea, the ordinary

carbon points thus improved answered very well, but for

the purposes of general illumination they are still defect-

ive. To give a light suitable to a room or hall the

points require to be small, and any inequalities in their

action are very discernible in the light. One great diffi-

culty to be overcome, too, is the division of the light.

How to cause the current from a powerful magneto-
electric machine to produce a number of separate small

lights, such as would be essential for the lighting of streets

or buildings ? If the different lights were all joined up
" in circuit " and tlie currrent sent through the whole
series one after another, the break-down of any one of the

series would extinguish the whole and plunge the street

or building into darkness.

During the last thirty years there have been many
attempts made to secure good electrodes for the electric

light as well as devices for adjusting them. Electrodes
of spongy platinum, palladium, and iridium have been
used. Another plan was to make the positive electrode a
fine stream of mercury flowing from a funnel and break-
ing upon a negative electrode of carbon or platinum
placed underneath. An objection to these metals was
the coloured lights they produced owing to the incan-

descence of their vapours in the arc. The carbon elec-

trodes were given divers shapes, and various combinations
of carbon and metal electrodes suggested. For instance,

it was proposed to use bar electrodes emitting the light

from their sides, and also to fuse iridium between two
carbon electrodes. An ingenious plan for getting a steady

hght was proposed by Mr. Harrison in 1857. It con-

sisted in giving a rotary motion to the positive electrode

and pointing the negative electrode at right-angles to it

and giving the latter a motion of translation, so that fresh

surface of the positive carbon was always appearing in

front of the negative carbon. A similar idea was again
patented in 1874 by Messrs. Wildman and Whitehouse.
About twenty years ago there was a great deal of activity

in this direction, but up till quite lately the usual carbon
points have always been fallen back upon.

Within the last five years, however, two notable new
lights have made their appearance, namely, the lights of

Lodighin and of Jablochkoff". M. Alexandre Nicolsvitch
Lodighin is a Russian engineer of St. Petersburg. His
plan was first publicly tried there in 1873, and patented
in England in the previous year. It is designed to faci-

litate the use of the electric light for general lighting

purposes. The great defect of the ordinary carbon points

is the flickering of the light caused by the consumption
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of the carbon points, a great portion of which is due to

the combustion of the points in the air. M. Lodighin's

plan is to employ not two but a single stick of carbon,

inclosing it in a hermetically sealed glass chamber from
which all aii has been exhausted, and an azotic gas which
does not combine with carbon at a high temperature,

such as nitrogen, let in. When the current from a

magneto-electric machine, such as Wilde's, Gramme's, or

Noble's, is passed through this carbon it gradually gets

heated to a white heat, and emits a brilliant, and at the

same time soft and steady light. Fig. i shows the form
of the carbon used; the light is given off

at the narrow central part. The advantages

of this plan are that there is a continuous

circuit, so that any number of hghts may
safely be joined up in series to form one or

more lamps. The lights can bo made as

small as desired, the flame is continuous

and not injurious to the eye, the cost of

new carbon points is saved, and the current

can be strengthened or weakened at will

very easily. It burns equally well under
water, and would be very useful for illumi-

nating dangerous mines, there being no
fear of e.xplosion from it. One magneto-
electric machine driven by a 3 horse-power

engine, generates a light equivalent to

many hundred lanterns, and the light can

be easily divided up into smaller ones.

There was one defect in M. Lodighin's

original light which has been remedied by
M. Kosloff, of St. Petersburg. The unequal

expansion of the metal holder of the carbon

and the carbon itself caused the latter to

split and give way. The metal also fused,

and sparks passed between the carbon and the ex-

panded sockets. Kosloff fixed the carbon on insulating

supports of china, clay, crystal, &c., and connected it in

circuit by wires. The improved light of Lodighin and
Kosloff was first tried in London in 1874, and was very

successful. It was awarded the Lomonossow Prize by

the Russian Academy of Sciences.

But the " electric candle " of M. Jablochkofif has, for the

nonce at least, quite cast Lodighin's light into the shade.

It appears to be one of those lucky inventions crowning

a long series of more or less unsuccessful ones in the

same direction. In the electric candle the two carbon

points are not dispensed with. They are placed side by

side and separated from each other by a slip of an insu-

lating substance such as porcelain, brick, magnesia, but

preferably kaolin or pure clay. One of the points is a

little longer than the other, and may also be stouter. The
positive current is passed down the longer carbon, and
leaps across the air space to the shorter carbon, forming

the luminous arc at the point of the candle. Such an

arrangement of the points is shown in Fig. 2. It is called

Fio. 1.

gia
. ^^ liaoJiyte

Fie. 2.

a candle because it can be burned upright in a support

like a candlestick. The kaolin plays an important part

besides insulating the carbons from each other. It

becomes incandescent, emitting a beautifully soft, steady,

light, and melts away like wax at the same rate as the

carbons, just as a candle is consumed with the wick. No
mechanism is required for the adjustment of this electric

candle. The discovery that kaolin becomes intensely

incandescent under the current also enables M. Jabloch-

koff to dispense with the carbon points for small and
medium hghts. He made the discovery, we believe, in

studying the effect of a succession of sparks from the

secondary coil of an induction machine on refractory

bodies. He first heated a plate of kaolin to incan-
descence, but did not fuse it. Then he led the induc-
tion current along the edge of the plate by means of a
more conductive coating. This caused the edge to fuse

and emit a splendid band of light as soft and steady as
any known source. This discovery disclosed a feasible

system of lighting towns and dwelhngs by dividing the
electric light. It would be possible to generate lights of

all sizes by means of the kaolin ; and by employing a
number of separate secondary coils, one to each candle,

for one primary, the current could be simply and
effectively divided. By having the carbon candles for

large ware'iouses and public buildings, and a very simple
pincher holding a kaolin wick for offices and corridors

;

and by having separate secondary circuits to each set of

lights, electricity could be laid on for illuminating pur-

poses as easily as gas. The passage of the current

through the kaolin makes the circuit complete as in

Lodighin's plan, and a number of lights can be joined up
in the same circuit, so as to form a set of luminous
centres. As many as eight candles have been kept
steadily burning in the circuit of an ordinary magneto-
electric machine. Some of the principal halls of the

j

Louvre have have been lighted by the candle in this

way. MM. Denayrouze and Jablochkoff have, we are

told, easily obtained fifty luminous centres of various

intensity in graduated series, the weakest yielding a glow
equivalent to one or two gas burners, the strongest equal

to fifteen burners, from one current. By eipploying a
magneto-electric machine giving alternating currents the

current interrupter and condenser of the induction coil

may be dispensed with, the alternating currents being
simply passed through the primary coil. Again, by
employing a magneto-electric machine yielding several

powerful intermittent currents, the induction coil with its

several secondary coils may be dispensed with altogether

and the magneto-electric currents passed through the

candles. This power of being able to divide up the

current so as to have several circuits with several candles

of various degrees of illuminating effect in the same
circuit, or only one, gives to electric lighting the con-

venience of gas. It cannot be so expensive as gas, and it

must be far less pernicious and dangerous than gas in a

house. The lights require to be shaded by ground or

opal glass shades to diffuse the rays. The consumption
of kaolin is very small. It is said that a piece the length

of a centimetre will last ten hours.

The recent public trials of Jablochkoffs light at the

West India Docks have been recorded in Nature. The
first was unsuccessful owing to some defect in the magneto-
electric apparatus. An account of the second and success-

ful trial was given in Nature, vol.xvi. p. 153. A large tent

inclosing 900 squaie feet was illuminated by four candles

fixed on lamp-posts and surrounded by globes of opal

glass. At twenty or thirty feet from the lamps very faint

pencil hues could be distinguished on paper, and small

print read at a considerable distance. When common
candles were substituted for the electric lights the effect

was most marked, and the light a sickly yellow. In the

electric illumination the most delicate colours retained

their purity of tint. A warehouse was also lighted up by
three naked candles ; and a ship lying alongside a wharf

by two, in order to show that lading or unlading could be
carried on at night. J. Munro

REDUCTION OF THE HEIGHT OF WAVES
BY LATERAL DEFLECTION UNDER LEE
OF BREAKIVA TERS 1

WHEN a wave encounters an obstacle such as a

breakwater, the portion which strikes it is either

entirely destroyed or reflected seawards, while the portion

which is not so intercepted passes onwards, and spreading

» By Thomas Stevenson, F.R.S.E.
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laterally under lee of the barrier, suffers a reduction of

its height. In the second edition of my book on Har-

bours, I expressed regiet that no attempt had been made,

so far as I was aware, to obtain any numerical value of this

reduction of height derived either from theory or expe-

riment, although the extent of shelter which is to be

gained by the erection of our great national breakwaters

depends entirely upon its amount.
From a few observations taken in the sea under lee of

the breakwater in Wick Bay, and from some experiments

made in a large brewer's cooling vat, it appeared that after

passing round an obstruction thi: reduction in tlu hciirht

0/ ivavcs varied as tJu- square root of the angle of deflec-

tion. The approximate formula given in my book was

—

X = I 00 — '06 sj a

where x represents the ratio of the reduced to the unre-

duced wave, and a the angle of deflection.

On a recent visit to North Berwick, the finely-curved

storm and tide marks traced out on the sandy beach under

lee of the promontory at the harbour, reminded me of some
observations I had made many years ago at other parts

of the Firth of Forth. These observations, which were,

however, very imperfect, had for their object the deter-

mination of the reduction of the waves by ascertaining

the positions in reference to the centre of divergence of dif-

ferent pai ts of the line of high water mark where, of course,

all the wave forces become ni/. If a beach throughout its

whole extent consist of easily moved materials such as

sand or gravel, the incursion made at any one place by
the sea will obviously depend upon the force of the waves

which reach the shore at that place, providing the mate-

rials of the beach are homogeneous. In other words, the

heavier the waves at any part of the shore the farther

inland will the high-water margin retire beyond the tide

mark of more sheltered places. And where the waves

vary in height owing to some local cause, as, for example,

the existence of a sheltering promontory, the high water

mark instead of being straight and parallel to the prevalent

waves will assume a curved outline.

At North Berwick, the projecting promontory at the

harbour, shelters a small Ijay or rather dia/it from the

heaviest waves that fall on that part of the coast. The
waves, therefore, are deflected at the pierhead, from which

point as a centre, each section of every w.ave taking its

own divergent direction, runs its course till its energy is

expended at high wattr mark. The maximum effect on
the beach will consequently be in the line of direction of

the undeflected swell, and the minimum effect will be in

the direction of the landward end of the promontory
where the waves are most deflected from their natural

course. Under these conditions, supposing the particles

of sand to be of uniform size and of the same specific

gravity, the high water margin must assume, as it does at

Noith Berwick, a curved outline owing to the inequality

produced by deflection on the height of the waves.

If the distance between the pierhead and the high-

water mark measured parallel to the usual direction of the

undt fleeted swell (shown by the arrow in the diagi-am) be

assumed as unity, that distance may be regarded ?s the

measure of the amount of work that the undeflected part

of the wave has betn able to do, inasmuch as its force has

been wholly expended within that distance in driving the

beach landwards. The varying lesser distances betv/een

the same point and other parts of the high watermark, may
in like manner be regarded as representing the work that

has been done by the varying lesser forces exerted by the

different parts of the wave after being deflected. It is, no
doubt, true that the undeflected wave has the full force of

the wind to help it, while the deflected has not ; but in so

far as relates to the engineering aspect of the question,

this effect, even though it had been much greater than it

IS, would be of no importance, as the same conditions

hold true with an artificial as with a natural breakwater.

I may menticn in corroboration of the views that

have been expressed that in the course of my practice
as an engineer I have, at difl'erent exposed parts of the
coast, had occasion to fill up a [small creek with soft

materials pioduced by works of excavation at an adjoin-

ing part of the shore. In the course of time the whole of

these artificial deposits have, in every instance, been
removed by the waves, and the former line of high-water
been restored. By analogy, therefore, we must believe

that if the bay at North Berwick were in like manner
filled up artificially with sand as far seawards as the pier-

head we should find, after a certain number of storms had
occurred, that the whole of the sand had been washed out
and the former line of high-water reproduced. If this be
true, then the different distances between the pier-head

and the high- water mark at North Berwick may justly

be regarded as the measures of the varying forces of the

different sections of the deflected wave under lee of the
promontory.
The first column in the accompanying table shows the

angles of deflection, while the second gives the measure-
ments from the pier-head to the high-water mark as taken
from the Ordnance map of North Berwick. The direc-

tions in which these measurements were taken are repre-

sented by dotted lines on the accompanying woodcut.
The third column shows the ratios of those measurements
to unity. The fourth column gives the ratios of the

heights of the deflected wave calculated by the formula
r = I - '06^/ a, and the last the p/us and minus differ-

ences. Though the employment of the square-root of tlic

angle may perhaps be regarded as somewhat unusual,

the formula as given is nevertheless more convenient for

use than a logarithmic spiral formula, which might give

nearly the same results.
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may turn out to be to some extent accidental, yet the

results can hardly be regarded as very far from correct.

And in a case of such importance to the maritime engi-

neer where we have so very few direct observations of the

waves in the open sea to guide us, and where it is unde-
niable that all such observations are invariably found to

be excessively difficult to get, and even when got prove
often unsatisfactory, any contribution to our knowledge,
however imperfect, may be considered of some value

;

and all the more when, as in this case, the curve traced

out on the beach is the result of long-continued action

produced by innumerable storms.

yl RUSSIAN ACCOUNT OF SCIENTIFIC
PROGRESS IN INDIAN

WE have already noticed the meteorological journey

of M. Wojeikott" round the world. The volume
referred to below contains a series of letters written to

Baron Osten-Sacken and M. Rykatcheff during his stay

in India (December, 1875, to February, 1876).

He had great hopes of the development of meteorology
in India. A series of stations working upon one uniform
plan, together with a system of weather-warnings, was
about to be established throughout the country under the

superintendance of Mr. Blanford. That gentleman ex-

pected a great deal from a thoroughly organised system
of weather-forecasts, owing to the periodicity and com-
parative regularity of meteorological phenomena in India.

The non-periodical fluctuations are yet certainly very

large—especially as to rains—but they are less compli-

cated than elsewhere, and it was likely to bs easier to

detect the laws they obey. Already in 1874 the Govern-
ment asked Mr. Wilson whether it was probable that

the rainy period would be as short that year as it was
in 1S73 ; Mr. Wilson answered] that he expected heavy
rains at the end of the monsoons, and October was
in fact very rainy. The importance of such forecasts

may be seen at a glance, as the rice-crops depend entirely

upon the quantity of rains and the time when they finish,

the rice-fields giving the best crops when they remain
under water during the first two months after the sowing.

A subject treated at greater length by M. Wojeikoff is

the Black Earth of India. This fertile soil appears mostly
in the western and southern parts of the country, especially

on the table-land of the Deccan, whilst on the plains of

Bengal and in the north-western provinces it is, on the con-

trary, nearly wanting. It attains its largest development on
traps, being found only as smaller patches on the bottoms
of valleys in the districts of crystalline rocks. Altogether,

it does not occupy in India such extensive uninterrupted
spaces as in Southern Russia, and even in the provinces

where it is most developed, it covers but from fifty to

seventy per cent, of the surface of the land. The data as

to its thickness are few ; six feet is not unusual, but thick-

nesses of twenty feet must have been observed on some
deposits washed down from the slopes of the hills. A few

analyses show a percentage of from 77 to 9'2 of organic

matters, not much different from what was found in the

black earth of Russia.

As to its origin, the most curious opinions continue to

prevail among Indian geologists. Some suppose it to be
merely a product of the disaggregation of traps ; others

continue to support the old opinion as to its origin in

marshe;. Dr. Oldham, who was the first to renounce an
erroneous view long established in Western Europe, in a

letter to M. Wojeikoff, adopted the theory of the origin

of black earth from "a dense vegetable growth, princi-

pally herbaceous, but partly arborescent," although there

are localities where it may have come " from jheels and
marshes." M. Wojeikoff supports the opinion now pre-

vailing in Russia, that Black Earth is the result of a

herbaceous steppe-vegetation accumulated during long

' IstYstia of the Russ. Geogr. Soc , 1S76, No. 3.

centuries. He points out that its marshy origin is con-
tradicted by the facts that, I, the percentage of organic
matter in its upper and lower parts is much the same,
while in marshy deposits it constantly decreases in the
upper patts ; and 2, Black Earth never contains a large
amount of acids, as is always the case in marshy deposits.
Therefore, Black Earth mostly covers the surface of the
Ijwer table-lands, and is of far rarer occurrence in the
bottoms of valleys. As to these latter deposits many
misconceptions still prevail. Many ofthem are secondary,
being washed down by rains from the tops and slopes of
hills, and M. Wojeikoff supposes that the black-earth in

the lower parts of the Ncrbudda, Taptee, Godavery,
Kistna valleys, &c., has mostly such a secondary origin.

There are many instances when the black-earth of low
levels is not a secondary deposit. It is then the product
of a grassy meadow-vegetation, grown upon the former
marshy deposit after the total draining up of the marsh.
We notice, also, his remarks upon the interest afforded

by India for ethnographical and anthropological explo-
rations. There is much to do in these departments. An
official report says that not less than two-thirds of the
old monuments of India remain unexplored ; and there
are large parts of the country, as, for instance, the Central
Provinces, where almost nothing was done in this

direction. The question as to the origin of some of the
aborigines of India is still very obscure. The origin of
the Dravidians, for instance, seems to be very uncertain,
and M. Wojeikoff had much trouble to procure for Dr.
Hochstetter some twenty photographs of this interesting

people. He warmly recommends India as a field for

anthropologists.

METEOROLOGY AND THE INDIAN FAMINE
•T^HE following letter appeared in the Times of Satur-
-' day last :

—

In a recent article on the Indian Famine you asked
whether science could do nothing to foresee and pro-
vide for these appalling calamities. I think that, as
regards Madras at any rate, science may safely accept
your challenge. The present famine was foreseen on
meteorological grounds last year, and the continued
drought during the present summer (an unusual feature in

Indian famines) was indicated in a printed research as
early as February. Meteorologists have for some time
been aware that the eleven years' cycle of sun-spots is

coincident with a cycle of atmospheric conditions pro-
ducing ascertained terrestrial effects. Thus the minimum
periods of sun-spot activity are coincident with the
minimum appearances of the aurora and with the
minimum number of cyclones, while the maximum periods
of sun-spot activity are contemporaneous with the maxi-
mum activity of the aurora and of cyclones. The coinci-

dence between the sun-spot cycles and the variations in

the indications of the magnetic needle has also been
affirmed, and a periodic connection between solar activity

and terrestrial magnetism is now an accepted fact of
science. A similar connection betv/een the eleven years'

cycle of sun-spots and the temperature and rainfall had
also been suspected, and various researches had been
undertaken to s'now that the supposition was well founded.

It was at this stage of the inquiry that Dr. \V. W. Hunter,
the Director-General of Statistics to the Government of

India, commenced his investigations last year into the rain-

fall of Madras. During this century six years of minimum
sun-spots had occurred (1810 to 1867) ; and for practical

purposes the present year, 1S77, may be taken as the

seventh period of minimum sun-spots within this century.

Dr. Hunter also found that six great scarcities of suffi-

cient gravity to be officially returned as " famines " had
occurred during the same period (1810-77). Of these

six famines five were caused by years of drought coinci-

dent with, or adjnining to, the periods cf minimum sun-
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spots, and within Dr. Hunter's "minimum group." He
further showed that the rainfall at Madras passed through
an eleven years' cycle, corresponding with the cycle of

sun-spots. That is to say, the rainfall reaches its mini-

mum in the eleventh year, rises to its maximum about
half-way through the cycle in the fifth year, and then
declines again to its minimum in the eleventh year. The
following condensed table shows the results of the six

cycles for which records e.xist, from 1810 to 1S76, the
Madras register only having been kept, however, from
1813:-

J\hvai Ycars^ Cycle of Siin-Spots and Rainfall at Madrasfor Six
Cycles, from 1810 to 1876.

Average raia^

fall in inches,

registered at
M.idr.as.

(18,376)
{ Eleventh series of years in the

) cycle of eleven years

\ First and second series oT years

f in the cycle of eleven years...

Tliird and fourlh series of years in

the cycle of eleven years

Fifth and sixth series of years in

the cycle of eleven years

Seventh and eighth series of years
in the cycle of eleven years

Ninth and tenth series of years in

the cycle of eleven years

Eleventh series of years in the cycle

oFeleven years

37-03

49'i2

54-64

52-36

4902

Average relative

number of

(Wolf).

(.S.0.60.)

10-9

39 -S

73-4

S3 7

33-5

37 '03 10-9

The general average of rainfall for sixty-four years, from
1813 to 1876, is 4851 inches.

The average relative number of sunspots, calculated on
the fifty-one years then available to Dr. Hunter, from
iSio to i860, is 38-6S.

This statement forms one of a series of eleven tables by
which Dr. Hunter exhibited the coincidence of the two
cycles. In my opinion, and I believe in the opinion of

the other professional meteorologists in this country who
have examined the evidence thus submitted. Dr. Hunter
has established his conclusions as regards Madras, but
he carefully abstains from hasty generalisations with
reference to other parts of India. I may add, however,
that from a careful examination of the rainfall at Bombay,
it is evident that there are the clearest indications of a
similar general coincidence, while evidence has recently

been adduced of a cyclic character of the Calcutta rain-

fall, complementary to (although different from) the cycle

at Madras. But, adopting Dr. Hunter's cautious estimate
of the degree of certitude warranted by his examination
(necessarily a partial one) of the Indian rainfall, I think
that science may safely make the following replies to your
challenge :

—
1. That a period of deficient rainfall may be expected

to recur in cycles of eleven years at Madras.
2. That the deficiency is of so serious a character that in

five out of the seven of these cycles occurring within this

century up to the present date, the deficiency has sufficed to

cause a great famine in Madras.

3. That the duty imposed by the laws of Nature on the
Indian Government is not to make a series of costly

spasmodic and unsatisfactory efforts, but to deal with the

water-supply in such a way as to meet a regularly

recurring deficiency.

4. That the discovery of the cyclic character of the
rainfall clearly points, as regards Madras, to the method
to be adopted for this end. In the eleven-years' cycle

there is a period, at the extremities, of greatly deficient

water-supply—namely, in the eleventh, first, and second
years of the cycle. 'I'here is also a period of excessive

water-supply in the middle of the cycle—namely, in the

fifth, sixth, seventh, and eighth years ; and half way
between these two periods—that is to say, on each side of

the maximum central period—there are vears of inter-

mediate but ample water-supply—namely, in the third

and fourth years on the one side of the central maximum
period, and in the ninth and tenth on the other side of it.

The following table, taken from' Dr. Hunter's paper, very
clearly illustrates this :

—

Average ra'n- Average relative

fall in inches, number of
registered at sun-spots

,
Madras. (WolO.
(1813-76.) (t8io.6o.)

Minimum group—eleventh, first,

and second years 40'39 ... 10-32
Intermediate group—third and

foiirtli with tenth and ninth
years 49'o7 ... 36-71

Maximum group—fifth, sixth,

seventh, and eighth years ... 53'50 ... 63-61

5. That the permanent remedy for famine in Madras
is, therefore, to deal with the rainfall in its cyclic aspect,

and to husband and equalise the water-supply, not merely
of the individual year, but of the cycle.

It is beyond my province to offer any opinion upon the
form of hydraulic engineering best adapted to secure this

end. But I would point out that while some of our
modern Indian canals are principally useful in husband-
ing and distributing the water-supply of the year, the old
native system of great embanked lakes or reservoirs

unconsciously hit the true solution of the difficulty by
husbanding and equalising the water-supply of the cycle.

I need hardly sxy that we are only at the beginning of
this inquiry. What science asks from the Indian Govern-
ment is the means of prosecuting it, and foremost among
such means is a small solar observatory, for which it is

understood that the necessary instruments were sent out
to India some years ago, although they have not yet been
utilised for this purpose.

Alexander Buchan, Secretary of the Scottish

Meteorological Society.

THE IRON AND STEEL INSTITUTE
'T'HIS Association, one of the most active in the

-'- kingdom, and which has already done so much to

bring the discoveries of science to bear on the iron and
steel industries, commences its annual autumn meeting at

Newcastle, on Monday, as we have already intimated. As
usual, while several important papers are down for reading,
much of the time of the meeting, between September 17
and 21, will be devoted to visiting some of the many
industrial establishments in and around Newcastle.
The president of the meeting will be Dr. C. W. Siemens,

F.R.S., and we notice that in succession to the late Mr.
Jones, Mr. James S. Jeans has been appointed general
secretary. On the first day the usual formal business will

be transacted, the real work of the session commencing
on Tuesday, when the Mayor of Newcastle will receive

the members in the lecture-room of the Literary and
Philosophical Society at half-past 10 A.M., and during the

forenoon a selection of papers will be read. After luncheon
the remainder of the day will be devoted to visits to

various establishments, including Consett Ironworks, the
works of Stephenson and Co., R. and W. Hawthorn,
Hawks, Crawshay, and Co, the Newcastle Chemical
Works, and others. A number of collieries will also be
open to the inspection of members, and should a suf-

ficient number be found willing to join in an excur-
sion to the Roman Wall, it is proposed to organise a
party, on Tuesday afternoon, to visit that interesting

object, near the residence of Mr. John Clayton, the well-

known antiquarian, who has kindly promised to receive
the members.
The forenoons of Wednesday and Thursday will also

be devoted to the reading of papers, and the afternoons
to visits and excursions. On Wednesday the New Swing
Bridge, one of the largest of its kind in the world, will

be opened, and afterwards two steamers will take the
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members on excursions up and down the Tyne, the first

steamer proceeding up the river as far as the New Cut,

for the purpose of affording members an opportunity of

witnessing the extensive dredging operations of the Tyne
Improvement Commissioners, and thence sailing down
again to the shipping spouts, the new Coble Dene Doclc,

and the piers, while the second steamer will take another
party to some of the most important works down the
river, as Leslie's and Mitchell's ship-building yards,

Forstcr and Co.'s lead-works, the Jarrow chemical works,

&c. On Wednesday evening a conversazione will be held
in the Town Hall, Newcastle, when it is hoped that the

telephone will be exhibited.

Doubtless one of the most interesting excursions will

be that of Thursday afternoon, when a special train will

convey the members to the Elswick Works (Sir W. G.
Armstrong and Co.), thence proceeding to the Steel

Works of Messrs. John Spencer and Sons, at Newburn.
Friday will be entirely devoted to an excursion to

Middlesbrough and the works on Tees-side. In the
forenoon the new Browney Colliery Works and the

Clarence Works of Messrs. Bell will be visited, and the
Eston Steel Works and Blast Works of Bolckow,
Vaughan and Co. After luncheon in the Royal Exchansje,
Middlesbrough, ten different works will be visited,

including the Tees-side Iron Works, where the first

Danks' rotary furnaces constructed in this country will be
seen in full operation ; the Ayresome Iron Works ; the

Tees Iron Works ; the Tees-side Engine Works (Hopkins,
Gilkes, and Co.) ; the Linthorpe Iron Works (Lloyd and
Co.) ; the Newport Rolling Mills (Fox, Head, and Co.) ; the

Ayrton Rolling Mills (Jones, Brothers, and Co.) ; the
Middlesbrough Wire Works (Hill and Co.) ; the Newport
Ironworks (B. Samuelson and Co.) ; the Middlesbrough
Tube Works.
Among the papers to be read are the following : I. L,

Bell, M.P., F.ix.S.— Part II. of paper on the Separation
of Carbon, Silicon, Sulphur, and Phosphorus in the

Refining and Puddling Furnace and in the Bessemer
Converter. Dr. Percy, F.R.S.—On some Scientific Facts
connected with the Manufacture of Iron, &c. R. How^on.
—On Mechanical Puddling. T. W. Plum, Old Park, Salop.

—On Improvements in Blast Furnace Watcr-Cooled
Tuyeres. A. L. Steavenson.—On the Manufacture of

Coke in relation to the Iron Trade of the North of
England. Mr. Greenwell.—On the Geological Features of

the Great Northern Coal Field. Chas. Wood.—On Four
Years' Improvements in the Utilisation of Slag. F.

Giesbers.—On the Removal of Phosphorus from the
Materials used in Smelting Pig Iron under M. Stein's

Patent. A. Thomas.—On the Latest Improvements in

Belgian Merchant Rolls. William Walker.—On a New
Machine for Drilling Ironstone. M. Gautier, C.E.

—

Results of Experiments with Cannon manufactured from
Steel without Blows.

When we state that in addition to what we have
mentioned, an exhibition of various objects connected
with the Iron and Steel Trades will be held in the Wood
Memorial Hall, it will be seen that the members of the

Institute have plenty of work before them, and that the

meeting is likely to be one of great interest and practical

importance.

OUR ASTRONOMICAL COLUMN
The Outer Satellite of Mars.—As a guide to

those who may be examining the immediate vicinity of

Mars, with the view to detecting the exterior satellite, an
ephemeris of its positions from September 8 to 18, for

8h. 30m. and iih. cm. each evening is subjoined. It

will enable an opinion to be formed as to the chance of

any object glimpsed within ninety seconds' distance from
the centre of the planet, being the satellite or not. The
elements employed in the calculation are the follow-

ing :— i

Pjissage of Ascending Node, 1S77, Aug. 117495 Greenwich M.T.

Longitude of the node 8248
Inclination of orbit to ecliptic -5 24
Daily motion in orbit 285 26'Q28
Logarithm of the radius of orbit in seconds,

j
at the mean distance of Mars from the sun \

' '3^795

The angles of position in the ephemeris are reckoned as
in double-star measures

—

Sept.

At 8h. 30
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Mr. Erck observed the outer satellite on the following

night, when the position at the time named would be 65°,

distance from centre of planet seventy-nine seconds, and
two hours later the angle would have diminished to 53°,

and the distance to sixty-one seconds, or roughly two
diameters from the planet's limb as observed. On Sep-

tember 8 the angle was 71", distance eighty-five seconds,

so that the satellite may have been seen again this evening.

So far as we know these are the first observations of a

satellite of Mars in these islands, and it is^ singular that

they have been made with an instrument constructed by
the same optician as the great Washington telescope with

which the satellites were discovered.

In the elements of the satellites transferred to this

column last week from the Washington Circular, for

major and minor axes of the apparent orbit it is necessary

to read semi-axes.

Variable Stars. —• The following are geocentric

minima of Algol and S Cancri, which will be observable
in this country during the last quarter of the present year.

The epochs are in Greenwich time, and depend upon
Prof. Schonfeld's elements.

Algol.
h. m. h. m. h. m.

Oct. 2 ... 15 19 Nov. II ... 18 42 Dec. 4 ... 17 14

„ 5 ... 12 S ,, 14 ... IS 31 ,, 7 ... 14 3
,, 8 ... 8 57 ,, 17 ... 12 20 ,, 10 ... 10 52
„ II ... 5 45 ,, 20 ... 99 ,,13 ... 7 41

„ 22 ... 17 o „ 23 ... 5 5S „ 24 ... 18 57
„ 25 ... 13 49 ,, 27 ... 15 46
,, 28 ... 10 38 ,, 30 ... 12 36
., 31 •• 7 27

S Cancri.
h.

Oct. 16 ..
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years of age he was not the oldest member of the whole French

Institute. The dean by age is now M. Chevreul, a man of

extraordinary debating power, and who the very day of Thiers'

death read before the Academy of Science an admirable chemical

paper referred to in this week's report of the Paris Academy.

Mr. Layard, the British ambassador at Constantinople, has

received a firman from the Sultan authorising excavations at

Nineveh.

Several members of the enterprising Birmingham Natuval

History Society spent last week in a dredging excursion at

Arran, Brodick being made the headquarters. The excursion

was eminently successful, and several objects of considerable

rarity were obtained. An interesting account of the excursion

appears in the Birmingham Daily Post of September 10.

At the meeting of delegates held to discuss the formation of

a Midhand Union of Natural History Societies on August 2S, at

the Midland Institute, a basis of union was unanimously agreed

to. The Union is to be governed by a council composed of two

members from each society included within it, one of these

members to be a secretary of the society. The annual meetings

are to be held in the various towns in which are located the

societies forming the Union. The president of the society in

association with which the annual meeting is held shall be pre-

sident of the Union for that year, and each annual meeting shall

decide where the next is to be held. The levy from each society

is to be \d. per annum for each member, unless the members
shall be less than twenty-four in number, when it shall be 2.r.

for the whole of the society. A monthly journal is to be

published by the Union similar to the West Riding Naturalist,

to be called the Midland A'aturalisl. The following Sub-

Committee was appointed to arrange various matters :—Messrs.

Lawson Tait, James Eagnall, John Morley, Egbert D. Hamel,

and Charles Perks. The first meeting of the Council will be

held at the Midland Institute, Burmingham, on Tuesday,

October 2, at 5 p.m.

London now possesses an 'aquarium tank believed to be the

largest in existence. By removing the partitions between several

of the tanks in the Westminster Aquarium, the present natu-

ralist, Mr. Carriiigton, has arranged one capable of holding

94,000 gallons. It is 150 feet long, 20 feet broad, and the

depth of the water will vary according to circumstances. The
tank is intended for the e.xhibition of large fish.

A .SHOCK of earthquake was felt at Bagnferes de Bigorre at

2 P.M. on Friday, its direction being east to south-east, and its

duration five seconds.

Local societies have organised in Switzerland a large number
of district museums so arranged that the natural characteristics of

the country are always open to the inspection of the public. The
extent of these collections is sometimes astonishing. We have
been favoured with a catalogue of the Vevey Cantonal Museum,
from which we learn that it possesses 415 zoological object^,

three different herbariums, four mineralogical collections, fifteen

objects of ethnography, twenty-five archreological relics found

ill the country, 650 pieces of money or medals, complete labo-

ratories of physics and chemistry, and a library. Vevey is a

small country place having only S,ooo inhabitants.

The Council General of Guadeloupe have offered a premium
of §20,oo3 for the best new process of extracting juice from
sugar-cane, the cost not to exceed forty per cent, of the market
value of the product. Applications may be made up to June i,

18S0.

We have referred to the expedition to Cambodia, headed by
Dr. Ilarmand, on behalf of the French Government. A large

parcel containing a number of natural history specimens has

arrived at Paris for the Museum, from the expedition.

The Germanic Museum at Niirnberg celebrated the twenty-

fifth anniversary of its existence on the l6th uU. The celebration

was simple, dignified, and in good keeping with the national

character of the institution. The foundation-stone of a new
wing of the building of the museum was laid, the funds for this

enlargement having been supplied by the German Government.
The director, Herr Essenwein, addressed the company assembled,

and gave an account of the development of the museum, pointing

out that the institution was the result of common efforts made
by the whole nation ; that princes and people had equally con-

tributed towards the furtherance of the work, and that the new
wing would bear the Imperial arms upon its fa9ide as a sign of

its origin.

The European staff for the first international station to be
established in Africa has been completed. It consists of Messrs.

Cambier, .Crespel, and Mais. The Austrian traveller, Ernst

Marno, will accompany the expedition in the capacity of

naturalist. The expedition will proceed to Natal in the Union
Company's Royal Mail steamship Danulu, appoinfed to leave

Southampton on October 18 next, direct for Algoa Bay and
Natal. The expedition will remain at Na'al for a week or ten

days, perfecting their arrangements, and will then go on to

Zanzibar, for Tanganyika, in the same Company's steamship

Katal.

Among the papers in the just-published part of the Ziitschi-i/t

of the Berlin Geographical Society are letters from Dr. Erwin
von Bary to Baron von Richthofen on the travels of the former

in North Africa ; the itinerary of Dr. Pogge from Kimbundo
to Quizemene, the Mussumba or residence of Muata Jamwo,
and further eastwards to Inchibaraka, from Septemlier 16, 1875,
to February 28, 1876 ; two papers on Persii, one by Dr. Kiepert

on Dr. Stolze's journey in South Persia in 1S75, and a descrip-

tion by Gen. Schindler of little known routes in Chorassan.

Capt. von Schlienitz contributes a paper of much interest on
the geographical and ethnographical observations in New
Guinea, the New Britannia and Solomon's Archipelago, ob-

tained by the Austrian GazdL- expedition. To the I'crhand.

hiiigeii (Nos. 5 and 6) of the same Society Baron von Richthofen

contributes a paper of much historical value on the Central

Asiatic silk routes up to the second century of our era.

At the last meeting of the Niederrheinische Gesellschaft fiir

Natur und Ileilkunde of Bonn, Herr Siegfried Stein reported on
some new mirrors made of rock crystal and agate, and used for

refiecting sextants. Dr. H . Eylert, the astronomer to the Deutsche

Seewarte at Hamburg, had pointed out to him that glass mirrois

lose their correct shape in course of time, or turn dim and render

impossible the exact determination of the sun's altitude. The
new mirrors are free of these faults.

Throughout the past week, says the Sussex Advertiser,

Col. A. Lane Fox has been engaged, with several workmen, m
making some interesting excavations into Mount Caburn, on
behalf of the combined committees of the British Association

and Anthropological Institute. A number of pits were found in

the interior of the camp, and some of them have been opened.

They are of different sizes, and between six and seven feet deep,

and are of a square, oval, and round shape. They were

evidently human habitations, and would contain perhaps two
persons crouched up together, there not being room for them to

lie extended. They were found to contain the bones of a great

variety of animals used for food, but chiefly of the ox, pig, and
goat, and the remains have .been sent to Prof. RoUeston, of

Oxford, for identification. The filling in of the pits appears to

be of the late Celtic period, but whether the pits themselves are

of the same age it is difficult to determine. A large basin-shaped

shaft, sbcteen feet deep, has been cleared on the south side of

Mount Cabum. In this case it is also difficult to decide the
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object of the pit, but it appears in all probability to have been

sunk by the inhabitants of an earlier period for the purpose of

obtaining flints similar to those of Cissbury. A vein of flints

was found near the bottom of the shaft, but there are no 1

galleries, as is the case at Cissbury, where they are perfect in

the shafts that have been discovered. Probably in the present

instance the flints were found to be unsuitable, and the works

were abandoned. On Saturday a section was cut through the

rampart in order to ascertain by the po'.tery whether it was of

the same age. Large quantities of pottery were found, which

was of an earlier period to that in the pits in the interior,

indicating that the rampart is probably of an earlier date, and

that the fort was subsequently occupied by a later race of people

in the Celtic age. At the bottom of the pits were discovered

several implements of the late Celtic type—amongst other things

a knife, battle-axe, and a kind of iron spud ; also a bone comb.

There have just been placed at the entrance to the South Ken-

sington Museum four magnified drawings of different stages of the

Colorado beetle, drawn by Mr. Andre at Murray, F. L.S.,natur.aIist

to the Science and Art Departmen*. They show the pupa—the

"grub," as it is labelled, at full growth, the beetle at rest, and

the beetle on the wing. This last is the most interesting drawing

to people in England, as the appearance of the beetle at rest is

now somewhat famUiar through the many drawings and the

models that have been issued. As Mr. Murray has studied the

beetle in America, not only the shape, but the hue of the wings

may be taken as correct. These are of a delicate pink, and look

so beautiful that it might be welcomed in England as an addi-

tion to our insects were its ravages not so expensive. Of all the

drawings of the beetle yet made public these are the most care-

fully drawn, but it is surely a mistake to place them where they

are at present. They are really outside the turnstiles, as if not

forming a portion of the museum.

A THIRD edition is announced by Harlleben, the Vienna

publisher, of lirommy and von Littrow's work "Die Marine,"

a comprehensive treatise on the ocean and on navigation.

The prospectus of a new work entitled " Ergebnisse phy-

sikalischer Forschun^," by Dr. C. Bohn, Profesfor of Physics

in Aschaffenburg, is being circulated by Engelmaun of Leipsic.

The work aims at giving the facts ascertained in physics, leaving

out, as far as practicable, the processes by which they have been

reached (a mode of treatment which offers certain advantages).

Theories, hypotheses, and methods of experimentation are not

wholly excluded, but the attention is limited to what seems

useful and necessary in order to confidence in th.e correctness of

the results. The work is designed especially as a preparation-

book for examinations ; also as a work of refeience, for which

purpose it will be fully indexed. The iirat part, just published,

treats of I. Bodies and forces in general (as Introduction).

II. General mechanics and gravitation. XII. PJiysical me-

chanics. IV. The] theory of heat] (Part i). Part 2 will also
j

treat of IV. The theory of heit (second part). V. Rdintion I

(light and heat). Part 3 will be deroted to VI. Mngne'.ism

and electricity.

The Kolnischs Zeiluug publishes some interesting details

regarding an excursion made by Ilerr Nikolai Sograf, a member
of the Moscow .Society of Naturalists, to the peninsula of Kanin

in the Samoyede district. It appeals that the natives showed
themselves rather diffident towards the Russian traveller, and their

want of confidence was still further increased v/hen he proceeded

to take measurements of their heads, extremities, &c. At last

they evidently arrived at the conclusion that their reindeers and
their tundras were to be taken from them and they themselves

were to be transported far away, perhaps to tlie war now rjging.

The consequence of this conviction was a somewhat unpleasant

intermezzo for Ilerr Sograf and his excursion. On or.e fine

morning the traveller was aroused by a great noise and found

that the Samoyedes were picking up their tents in great haste

and preparing; for an immediate departure into the interior of the

country. All representations on his part were in vain, and he

had to submit to being carried off. His position among these

natives was, of course, a rather unpleasant one ; his collections

of insects, which were preserved in alcohol were destroyed, the

preserving fluid finding its way into the stomachs of the Samo-
yedes. Ilerr Sograf was rescued at last by two fishermen from

the Kanin Tundra co.ist, who had heard of his awkward situa-

tion. He arrived safely at Mesen after some time, and thence

addressed a narrative of his adventures to the Russian newspaper

the Golos. His courage and spirit seem, however, to be quite

undaunted, as he has the intention to start at once upon another

expedition to Cape Sswyatoi-Noss.

In compliance with a suggestion from M. Engelhard, a

member of the Municipil Council of Paris, the Prefect of the

Seine has ordered photographs to be taken of every existing plan

of the city of Paris, so that it will be possible to see all the series

of transformations experienced by the city from the most remote

period when such p'ans were made up to the present age.

Flags have been hoisted on the principal buildings of th»

Paris International Exhibition, which, according to the habit of

French working-men, is an indication that the external part may
be considered as havinrj been quite completed. The part allotted

to England has been given over to the architect of the English

Government.

The American Jaiirnal of Science records the death inl Ut.ih

of Dr. Charles F. Winslow, formerly of Boston, at the age of

sixty-six. Dr. Winslow has written numerous articles on physical

science, relating more especially to earthquake phenomena,

which he observed extensively during his residence of many
years in California, South America, and elsewhere.

Drs. Yarrow and Coue.s have lately published a list of the

fishes found at Fort Ma9on, North Carolina, in which io3

species are enumerated ; of these eleven are sharks and ray.«.

In a paper by Prof. Wright, of Yale College, published in the

early part of this year, a method was described of producing

metallic films on the inner surface of exhausted glass tubes, by
the action of a succession of energetic electrical discharges.

Prof. Wright has been continuing this investigation, and has

arrived at important results, both theoretical and practical. It

seemed probable that the surface of deposit would be dull, but

this proved incorrect, and the films when removed from the

receiver presented surfaces of exquisite perfection, the ino;t bril-

liant of which were comparable only to the surface of clean liquid

mercury. This suggested the production of specula for optical

purposes by this method, and Prof. Wright's subsequent

inquiries have been directed to this end. Platinum seems to be

the mojt suitable metal for the purpose; it is not readily tar-

nished, and can be cleaned with water C}r acids. By the new
method it can be deposited on glass surfaces very easily, and a

mirror of the most perfect surface produced at once. The
adherence of the film seems very close. With silver, too, the

process succeeds well, but it is more diflicult to obtain good
surfaces than with platinum, or gold, the metal being volatilised

with extrtme ease by the action of tiie currcn'. The experi-

ments, int:r alia, showed it to be true of platinum and bismuth

(as well as gold), that the light which has passed through a layer

of metal varies somewhat v;ith the thickness of the film.

Platinum, with progressively thickening film, varies from a grayish

int to brownish, brownish yellow, deep yellow, and orange. This
last colour is almost exactly complementary to that transmitted

by silver, and Prof. Wright succeeded in getting a peculiarly wliile

and biilliant reflecting surface by depositing first a thin stratum

of silver, then one of platinum. The specu'a of a small
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Gregorian telescope was covered with platinum by tlie metliod

referred to, and with entire) success. The larger mirror was
about 4 cttn., and the time required for covering was about three

hours, with a battery power equivalent to four] or five Grove
cells.

j

It is an interesting point to determine, even though only

approximately, what amount of heat meteoric masses develop in

their motion through the atmosphere. M. Schiaparelli has I

proved that to calculate the loss of velocity of a tody which

penetrates the atmosphere, it is not necessary to know the law
according to which the density of the air varies in the different

layers traversed, but it is sufficient to know the barometric pres-

sure at the two extremities of the course, or (which comes to

the same) the weight of air displaced by the body whose initial

velocity is known. Starting with this thtorem, and taking the

average velocity of falling stars as 50,000 metres per second (it

varies between 16,000 m. and 72,000 m.), M. Govi estimates,

in a recent paper, that a falling star, on reaching a part of the

atmosphere where the barometric pressure is about I mm., will

have its velocity already reduced to about 28,000 m. ; coming

to a region where the pressure is 10 mm., its velocity will be

about 5,916 m., and at a pressure of ico mm. (should the

meteorite reach so far), the velocity will not be more than 506 m.

Thus the initial velocity of bolides diminishes very rapidly, and

may be almost entirely lost on reaching earth. Now, knowing

the loss of velocity of a moving object of given mass, the quan-

tity of heat developed can easily be deduced. Taking a bolide

of I4'66 kilogrammes reaching an air layer where the pressure

is about I mm., M. Govi finds the loss of 'is vivu of the object

to correspond to the enormous number of 2,921,317 calories,

which would readily explain all the accompanying phenomena
of heat and light, and also mechanical effects.

Within the last year or two no spot on the American con-

tinent has furnished such an amount and variety of archreological

material as the Santa Barbara Islands and the coast of California

opposite to them. Dr. Yarrow, in Wheeler's report for 1876,

describes his " Big Bonanza," as he calls it, on the main-land,

near .Santa Barbara ; and Prof. Hayden has published an elabo-

rate account of Mr. Paul S chumacher's researches made upon

the islands. The crania and skeletons are counted by hundreds,

and tons of stone implements, many of them of most beautiful

workmanship, have been revealed by the winds blowing the sand

from the burial-places. During the summer of 1877 Mr.

Bowers has continued these explorations on behalf of the Smith-

sonian Institution, with the greatest success, and has found

many new varieties of objects of stone, and in large numbers.

Mr. Gunn writes with reference to our report last week

(p. 406) of a paper read by him at the late British Association

Meeting :
—

" The new Silurian beds discovered near Widdybank

Farm were stated in the paper to belong to the volcanic series

of the Lake Country. It is the Cronkley Pencil Mill Shale

which was referred to the Stockdale Shales or Pale Slates."

The additions to the Zoological Society's Gardens during the

past week include a Mandrill {Ccrcopithcciis monnoii) from West

Africa, presented by Mr. Francis Lovell ; a Purple-faced Monkey
(Scinnopithectis h'ucoprymmis) from Ceylon, presented by the

Misses Rowney ; a Common Fox (Caiiis viilpcs), European,

presented by Mr. R. Ilayssen, an Angolan Vulture (Gypohicrax

an^olensis), a Vociferous Sea Eagle (I/j/iactiis vocifer) from

Africa, presented by Mr. I. A. Solomon ; a Vervet Monkey
{Ct-rcopithecus lalandii) from South Africa, a Great Anteater

{Myrmecop/iaj;a Juliala), two Mealy Amazons (Chrysalisfurinosa)

from South America, a Short-toed Eagle (Cinai-'iiis ga/liciis), a

Common Genet [Goidta vulgaris) from Southern Europe, an

Egyptian Vulture (Neophron percnopleriis) from Africa, de-

posited,

THERMOMETRIC OBSERVATIONS MADE AT
RAMA ON THE COAST OF LABRADOR

'T'WO years' thermometric observations made three limes a day
at Rama, Labrador, about 60° north latitude, furnfsh the

following monthly and annual means. The degrees are Centi-
grade.
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SCIENTIFIC SERIALS
American Journal of Sciince and Arts, August.—Discoveiy of

cxyijen in the sun by photography, and a new theory of the

solar spectrum (with plate), by 11. Draper.—Action of certain

organic substances in increasing the sensitiveness of silver haloids,

by M. C. Lea.—Critical periods in the history of the earth and
their relation to evolution, by J. Le Conte.—Notes on the

internal and external structure of pal.TOzoic crinoids, by C.

Wachsmuth.—Chemical composition of Hatchettolite and
Samarskite, by O. D. Allen.—Relations of the geology of

Vermont to that of Berkshire, by J. D. Dana.—A proposed nev7

method in solar spectrum analysis, by S. P. Langley.—Note on
the exactitude of the French normal fork, by R. Kbnig.

Annalcn dtr Phvsik und Chcniic, No. 7, 1S77.—The pola-

risation of refracteil light, by M. Frohlich.—Note on the

dispersion-curve of certain media with more than one absorption-

band, by M. Ketteler.—On a new photometer, by M. Glan.

—

On electric induction on non-conducting solid bodies, by M.
Wiillner.—On the electric behaviour of metals immersed in water
or salt solutions in radiation from sun or lamplight, by M.
Ilankel.—Note on a change in the direction of the polarisation-

current after passage of alternately opposite galvanic cur-

rents, by M. Hankel.—On vapour tensions of homologous
series and Kopp's Law of constant differences of boiling-point,

by M. Winkelmann.—On the absorption of gases by salt solu-

tions, by Mr. Mackenzie.—On the theory of the action of

cylinder spirals with variable number of windings, by M.
Wallentin.—On diamonds, by M. von Baumhauer.—On the

history of the invention of the telescope, by M. Wolf.—Note
relating to natural science among the Arabs, by M. Wiedemann.
No. 8.—Experimental investigation of weakly magnetic

bodies, by M. Silow.—On a general proposition with reference

to electric induction, by M. Clausius.—On the electric con-

ductivity of electrolytes, by M. Berggren.—Determination of

the electric conductivity of liquids with constant current, by M.
Tollinger.—On the so-called unipolarity of flame conduction, and
on truly unipolar electric phenomena, by M. Ilerwrg.—Further
remarks on the action of cylinder-spirals with variable number of

windings, by M. Wallentin.— Contributions to an adequate
determination of the plane of vibration of polarised light, by M.
Ketteler.—On the specific heat of water according to experiments

of M. von Miinchhausen, by M. Wiillner.—On the physical

nature of articulate sounds, by Mr. Grassmann.—On a con-

venient form of the mercury-pump on Sprengel's principle, by
M. Hiifner.—Bunsen in a tellurium mineral, by M. Krenner.

Joitr>ial dc Fhysiqite, August.—Researches on photography,

by M. Angot.—On attractive and repulsive forces, and the

action of the medium, by M. Jannery.—New electric lamp with
oblique circular rheophores, by M. Reynier.—Polarising micro-

scope, by M. Nodot.

SOCIETIES AND ACADEMIES
Paris

Academy of Sciences, September 3.—M. Peligot in the

chair.—M. Villarceau gave an outline of his and M. De Magnac's
new work, entitled " Nouvelle navigation astronomique."—The
following papers were also read :—On the combinations of chlor-

hydrate of ammonia with the chlorides of potassium and of

sodium (extract from memoir), by M. Chevreul. He was led to

study these from having found in guano cubical crystals formed
of chloride of sodium and chloihydrate of ammonia ; also a
similar compound in a piece of sealskin taken from this guano.
Some peculiarities in crystallisation are mentioned.—Considera-

tions on the interpretation which should be given to the condi-

tions of maxima relative to calculations of electro-magnetic forces,

by M. Du Moncel (a reply to M. Raynaud).—On the discovery
of a terrestrial plant in the middle part of the Silurian system, by
M. De .Saporta. He was shown at Caen a plate from the
slatey schists of Angers, presenting evident traces of a large fern.

The vegetable substance had been replaced by sulphide of iron, and
much of the contour was interrupted and lacerated as if the plant
had been long under water. The fern appears to rank among the
Neuropteridea.' ; it recalls Cyclopleris and Talaoptcris, observed
in the Upper Devonian. The Silurian system in Europe having
only furnished, hitherto (of plants) alga", and of somewhat proble-

matic nature, this fern may be regarded as the oldest terrestrial

plant yet found on our continent ; and it indicates a floral

already comparatively rich and complex, therefore distant

probably from the first origin of plants. M. Lesquereux has
also, quite lately, found terrestrial plants in the Silurian system
in America (at the base), and M. De Saporta assigns priority in

this discovery to him.—Researches on the phosphoric acid of
arable lands(cxtract from memoir), by MM. Corenwinder and Con-
tamtne. In forty-eight hours a saturated solution of carbonic acid
sufficed to render assimilable a quantity of phosphoric acid greater
than that furnished to the soil by introducing 1,000 kilogrammes
of super-phosphate. The phosphates disseminated in arable
land are not in the same dfgree soluble in water charged with car-

bonic acid. Their capacitydepends on their molecular state and the

source whence they come. The phosphates pre-existing in liquid

manures are probably more attackable than others.—On the
invariability of the great axes of planetary orbits, by M. Haretu.
This invariability, which several geometers, and Poisson himself,

believed to be (juite general, exists only for the first and second
powers of the masses.—On an insect destructive to phylloxera,

by M. Laliman. This larva, or worm, which (the author says)

might be calLd the cantiibal of phylloxera, devours the latter

most voraciously ; in ten minutes he saw ninety-five disappear.
He found it in the interstices or tissue of galls on the leaves of
the vine.—Remarks on M. Laliman's communication, by M.
Balbiani. The observation is not wholly new ; the larva is that

of a dipterous insect belonging to the genus Syrphus, or an allied

one. All the larvn; of Syrphi are aphidiphagous ; their habits

have been fully studied by M. Reaumur, who remarked their

voracity and the indifference of taste they showed for all kinds of

pucerons. M. Balbiani recommends a continuation of these

researches, and cultivation of the insect.—Invasion by phylloxera

of the vineyards in the environs of Vendome, by M. Prillieux.

— Satellite of Mars observed at the observatory of Paris, by
MM. Paul and Prosper Henry.—New stellar system in rapid
proper motion, by M. Flammarion. This is perhaps still more
important than the former ; for it consists of two couples of stars

carried along in space by the same movement of translation, and
with a velocity much above the average of ordinaiy proper
motions. The two couples are those^of 17 x Cygnus and 2576 2.

The motion is almost perpendicular to the direction of that of

the sun in space.—On the wind system in the region of the

Algerian chotts, by M. Angot.—Study of some derivatives of

ethylvinyle, by M. Nevole.—On a mode of transmission of the

disease ergot, by M. Duplessis. The ergot appeared in a part

only of a field of winter wheat. The previous crop having been
a weeded crop and the field having borne, before that, trefoil

and vetch (plants in which ergot has not hitherto been observed),

M. Duplessis infers that the ergot must have been imported by a
natural vehicle

;
probably tlie waters of the Loire, which over-

flowed this spring, brought it from some fields further up, which
were affected by the disease last year.
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THURSDAY, SEPTEMBER 20, 1877

THE WORK OF THE IKON AND STEEL
INSTITUTE

IT cannot be denied that of late years the component

parts of that great aggregation of the contributions of

workers in a thousand different fields, and which is known

by the name of Science, have arrived at their common

destination as much through the paths opened up by the

development of the applied sciences as through those of

original research or the seeking after scientific truth for

the truth's sake.

In this country the institutions set apart for the further-

ance of the applications of science to the use and

convenience of man form collectively a very powerful

body. Their influence upon the greatest industries of the

country renders them indispensable to trade and finance,

and that connection places at their disposal large means,

both monetary and influential, without which many of the

most important scientific researches could never have

been attempted. The mere mention of the names of

the Institution of Civil Engineers, the Institution of

Mechanical Engineers, the Institute of Naval Archi-

tects, the Society of Telegraph Engineers, and the

Iron and Steel Institute, suggests at once to the mind

wealth, and influence, and scientific progress ; and it is

not too much to say that the wealth and influence of all

those institutions has been brought to bear upon the

advancement of applied science with remarkable success.

The Iron and Steel Institute ranks second to none

for the importance of its objects to the welfare of

the country, for the scientific value of its papers and
discussions, and for the influence of its members. It was
founded rather more than eight years ago for the purpose

of advancing the knowledge of the manufacture of iron

and steel, by bringing before its members the latest

inventions and methods of working adopted in difterent

establishments, for the encouragement of scientific

research bearing upon the manufacture of iron and steel

;

whether in the domains of geology, metallurgy, chemis-

try, mechanics, or physics, and for the improvement
of the operations of mining, smelting, and working the

ferruginous ores of the country so as to obtain the highest

perfection of the products at the smallest expenditure of

capital and labour.

The field which the Iron and Steel Institute set itself to

cultivate was partly covered by the domains of the institu-

tions devoted to the advancement of the above sciences

respectively, but a very large portion of it was never

reached by any of them ; and even the knowledge derived

from discussions in other societies was too general to be
of much practical value to the iron and steel manufac-
turer. No greater proof could be given of the need of

such an institution in such an iron-working country as

this than the very rapid rise and progress which it has
made. It includes in its list of members, we believe with-

out exception, all the leaders in the iron and steel trade

of this country, as well as many of the eminent workers
on the continent of Europe and in the United States

of America ; and among its most active members are

the leading metallurgists and several of the first chemists,

physicists, and engineers.

Vol. XVI.—No. 412

There cannot be any doubt that with so influential a

body of members, with such varied and important objects,

bound up as they are with the largest commercial

interests of this great country, and with so many excep-

tional advantages, the Iron and Steel Institute has many
and great responsibilities. Its only connection with trade

is a scientific one (for the commercial interests of the

iron and steel industries are represented by the British Iron

Trade Association), and commercial matters have no right

to be introduced into its discussions except in so far as

accurate scientific knowledge, sound technical experience,

and correct mechanical manipulation, by producing per-

fection in the products, and economy and certainty in

the various processes employed, enable a manufacturer

possessing these advantages to outdo those who do not,

and by the guidance of scientific truth to command the

market for his productions.

The iron and steel trade, represented in its scientific

aspect by the Iron and Steel Institute, owes to pure

science a deep debt of gratitude ; but through that valu-

able institution it is year by year repaying that debt, at

one time advancing the science of metallurgj , at another

that of mechanics, at another adding to chemical know-

ledge, and so on. And we have little doubt, judging of its

future by its past, that it will make still greater additions

to scientific knowledge, in consequence of its increasing

scientific organisation and the habit of scientific thought

which it engenders among manufacturers and others by
its meetings and published transactions.

The work of the Iron and Steel Institute is necessarily

very varied. First and foremost it should promote, by
every means in its power, the technical education required

to make its various processes and operations understood

by those who are entering the profession, and who in a

few years will be its representatives. The importance of

this can hardly be over-estimated. And it should be
given in no grudging or half-and-half spirit ; the days

of the monopoly of knowledge, more especially of

such as is based upon philosophical research, are long

past, and though there must necessarily be some trade

secrets, the results of knowledge and experience, still the

knowledge which led to them is patent to all ; and a

technical society which has the best interests of its mem-
bers at heart must be foremost in encouraging the dis-

semination of the scientific and technical knowledge
required for advancing the interests which it represents.

Another point for the consideration of such an institution

is economy in fuel, and in the various processes employed
in the making of iron and steel. In these days of close

competition, when not only individuals but whole coun-

tries are doing their utmost to undersell one another, and
a saving of a few shillings here and a few pence there

may mean the difference between a profitable or a losing

adventure, it becomes of the utmost importance to be
working in a direction which is guided by scientific know-
ledge and proved by experiment and practical experience.

Then again the encouragement of the investigation of

the physical and chemical laws which come into play

within the smelting, puddling, and converting furnaces is

a most important duty for the Institute to discharge, for

if the amount of fuel consumed in proportion to the

amount of metal produced can be reduced by only one

per cent, an important step is gained and in large works
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a large addition to the returns is insured. The know-

ledge, however, necessary for such improvements can

only be obtained through long experience, patient inves-

tigation, and the collection of data and information

furnished by many workers towards the same end but in

different paths.

The questions of the proper application of the hot blast

and of the utilisation of waste heat are of the utmost

importance, and with regard to the former the knowledge

of the laws of radiant and specific heat has taught the

engineer that economy in blowing and other engines

can only be obtained by high piston speed, and that far

greater advantages are to be had from small engines

working at a high velocity than from engines of larger

capacity working slowly.

No one has done more to advance the science of the

iron and steel manufacture than the distinguished presi-

dent of the Iron and Steel Institute, Dr. C. W. Siemens,

F.R.S. His regenerative gas furnace, which is now made
use of in so many industries in this country, in America,

and on the Continent, is at the same time one of the

most beautiful applications of science to industry that has

been made in this or any other age, and one of the most,

perfect economisers of fuel that has ever been invented.

Then again the process of steel manufacture worked out

by Dr. Siemens, and which bears his name, is the

only equal competitor with the Bessemer process over

which it possesses one great advantage, and that is

that the progress of the operation may be watched and
tested from commencement to conclusion, and may be

arrested at any moment.
It is, of course, needless to point out the vital im-

portance to the steel manfacturer of a knowledge of the

chemistry of the blast, converting, and heating furnaces, and

of the chemical properties of various qualities of iron, of

various fuels, of spiegeleisen and ferro-manganese, and of

various "fe/t/iiigs" or furnace-linings. In connection

with this subject the Iron and Steel Institute has done
and is doing most valuable work, and the names of Mr.

Edward Riley, of Mr. Isaac Lowthian Bell, M.P., F.R.S.,

of Dr. Percy, F.R.S., of Dr. Siemens, F.R.S., of Mr.

Mushet, of M. Gautier, of Mr. A. L. Holley, and others,

who have given to the Institute valuable communications

both in papers and in discussion, will always stand fore-

most in this branch of scientific labour.

Again the construction of furnaces and the various

mechanical systems of puddling, manipulating, rolling, and
working the product in its various stages of manufacture,

all call for the aid of science, and the Iron and Steel

Institute is in no way deficient in recognising the im-

portance of science to this branch of the profession

many interesting papers having been read and valuable

discussions held in connection with this subject.

One great result brought about by the Institute is the

establishment in nearly all the principal works of the

country of experimental work and laboratory practice.

It has, ever since its establishment eight years ago, been
dispelling the clouds of darkness and of the " rule of

thumb," and by allowing the light of science to illuminate

the road has spread far and wide a desire for accurate

scientific knowledge based upon practical experiment.

But there is mu~h yet to be done. There are still many
manufacturing firms turning out many tons of metal in

the course of the year who have exceptional advantages

for the promotion of scientific knowledge, but who make
no use of it ; the advantages, however, which such an
institution as the Iron and Steel Institute brings to all

manufacturers must in time be recognised by all, and we
cannot but believe that with all the national resources

and with the advance of knowledge promoted by such

institutions, this country will still be able to hold her own
against foreign competition.

Much has yet to be learnt about the behaviour of many
of the elements during the various processes of the iron

manufacture, whether in the form of alloys or merely as

substances present in the converter cr puddling furnace.

It would be well if the Iron and Steel Institute were to

appoint a committee composed of practical analytical

chemists and influential manufacturers of iron and steel,

for the purpose of investigating the effect of various

metallic alloys upon iron and steel as regards their ten-

sile or compression strength, malleability, brittleness, c&c.

We feel sure that very interesting results would be ob-

tained, and that the reports of this " Alloy Committee "

would be found of great practical value to manufacturers,

and would well repay the expenses incurred. It is well

known that the metals chromium and tungsten form

alloys with iron possessing valuable physical and mecha-

nical properties ; and the influence of carbon, silicon,

boron, phosphorous, sulphur, arsenic, aluminium, and
antimony, have been more or less examined ; but there is

very much yet to be learnt with regard to this subject.

The value of spectroscopic research in connection with

the investigation of this subject can hardly be over-

estimated. It is, without exception, at once the most
infallible and the most delicate test that has ever been

placed in the hands of the chemist, and, when employed

in conjunction with quantitative chemical analyses and
with mechanical tests, cannot fail to clear away many of

the mists with which that most mysterious substance, or

compound of elements, which we know generally by the

name Iron, is enveloped. Spectroscopic research pre-

sents several collateral advantages to the iron and steel

manufacturer. There are many instances in which much
valuable information may be obtained by its means
without the progress of the various processes being dis-

turbed. Nearly all other systems of testing require the

taking of samples, and necessitate either the stopping of

an operation at a critical time or the waiting until the

process is perhaps too far advanced for the information

gained to be of practical utility. The spectroscope, on

the contrary, peering through the smallest crack, can

detect all that is going on which concerns itself, and

makes a report in unmistakable language, and before it

is too late to be taken advantage of.

There is no better way; of obtaining reliable results

than by the systematic investigation by a committee

which should certainly include in its list of members the

names of Dr. Siemens, Mr. Riley, Dr. Percy, and Mr.

Lowthian Bell.

There are so many important branches, both scientific

and technical, of the iron
, and steel manufacture which

come under the legitimate cognisance of the Iron and
Steel Institute, the importance of which is every day

increasing, that we cannot help thinking that such sub-

jects as mining, mine ventilation, pumping and winding
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machinery may safely be left to the Institutions of Civil

and Mechanical Engineers, as well as the consideration

of the applications of iron and steel. The subject of

corrosion is one, however, which, though rather apper-

taining to the finished product than to its manufacture,

is one which should not be altogether overlooked, for if,

by any variation in the process of production, the effects

of corrosion may be diminished or modified, a new value

will be given to the finished product.

There is one thing, however, which, as we hinted at

the beginning of this article, has no place in the delibera-

tions of a body holding a scientific position such as the

Iron and Steel Institute, and that is the consideration of

commercial questions as such and apart from the influence

of science upon the cheapening of the cost of production

or the lessening of labour. There must be, no doubt, in

a society composed to so great an extent of men largely

interested in the commercial aspect of the manufacture of

iron and steel, a great temptation and tendency for the

discussions occasionally to diverge into commercial ques-

tions ; but it will be the duty of the president for the time

being to check such digressions and to keep the discussions

within legitimate channels ; and it will be one of the

objects of the council to allow no paper to come on for

reading or discussion which is not calculated to advance

the technical and scientific interests of the Institution over

which it has been called to preside.

With the present cruncil, and under the presidency of

so distinguished a worker in science as Dr. Siemens, there

is evei-y prospect of the Iron and Steel Institute keeping

up its high scientific character, and we cordially wish it

every possible success. C. W. C.

COHN'S BIOLOGY OF PLANTS
Beitriige zur Biologic dcr Pflanzeii. Herausgegeben

von Dr. Ferdinand Cohn. Zweiter Band. Erstes Heft.

(Breslau, 1S76: J. N. Kern.)

THE first part of the second volume of Cohn's

Beitriige contains five papers, two of them being

illustrated with three plates each. The first paper is by

Dr. Leopold Auerbach, " Cell and Nucleus," remarks on

Strasburger's work,"Ueber Zellbildung und Zelltheilung."

It is a critical paper, and hardly admits of any condensa-

tion. He tries to controvert the statements of Stras-

burger, and sums up thus :— I. The longitudinally

striated body in the interior of the cell is not the

" nucleus," but the middle part of the so-called "karyo-

litic figure," and therefore a product of the mixing of the

special substance of the nucleus with the surrounding

protoplasm ; and 2, That the young nuclei do not develop

by the fission of the mother nucleus.

The second paper is one of great importance, dealing

as it does with one of the carnivorous plants. It is by Dr.

A. Fraustadt. "Anatomy of the Vegetative Organs of

Dionasa muscipula, Ellis," with three plates. As Dr.

Fraustadt gives a very useful summary of results, we may
here quote them. Each half of the lamina is slightly

bent in a sigmoid manner, and forms a cavity to retain

an insect, while the petiole is broadly winged and flat-

tened. The cells of the epidermis, as well as those of the

ground tissue, are elongated in the direction of the long

axis of the leaf, in the petiole and midrib of the lamina,

but in the transverse direction in the rest of the lamina.

The cells forming the epidermis contain chlorophyll
grains. The epidermis forms numerous stomata and
stellate hairs on the upper and lower surface of the petiole,

and under-surface of the lamina, but glandular hairs only
on the upper surface of the lamina. The glands are placed
in depressions in the epidermis, and are formed of a two-
celled basal portion, a two-celled short stalk, and a round
secreting part of two layers of cells convex on the upper
side. The stellate cells are similarly constructed, except
that the cells of the top layer grow out in radiating

straight arms, giving the whole a star-like appearance.
The stellate hairs appear early and are completely
developed before the glands begin to form. The stel-

late hairs and glands are homologous structures. The
lamina bears on its margin numerous (from fifteen to

twenty) teeth or marginal sets, and usually six spiny
hairs .(central seta;) on the upper surface. The marginal
setae are slender, triangular, pyramidal, and have stellate

hairs and stomata on all sides. A fibro-vascular bundle is

present running nearer the upper than the under side of
the structure. Between each of the marginal seta a single

stellate hair is placed sometimes elevated on the top of a
small projection, which, however, receives no fibro-

vascular bundle. The central setae consist of two parts,

the lower forming a joint, and receiving an axile cellular

string ; the upper part is conical, contracted below, and
has no cellular string. The cells of the central seta
show aggregation of the protoplasm (as described by
Darwin in Drosera), as well as those of the glands. In
the green parts of the petiole (above ground), and in the
midrib of the lamina, the cells of the ground- tissue increase

in length and in size of cavity from without inwards, the
superficial cells, and those near the fibro-vascular bundles

are green, the others colourless. In the lamina, with the
exception of the midrib, the inner cells of the ground
tissue are colourless, very broad, with sinuous walls and
small intercellular spaces. The epidermal cells of the

upper side of the lamina and the ground- tissue cells below
it, are larger than those of the under side. The chloro-

phyll grains contain abundance of starch before the leaf

has obtained any organic (animal) nourishment. The
starch diminished after the reception of organic (animal)

matter by the leaves, and lastly disappears entirely from
the parts of the plant above ground. The bases of the

petioles are dilated into colourless sheath-like portions

developed underground and together forming a kmd of
bulb. The ground tissue consists entirely of equally broad
and long cells completely filled with starch, as well before

as after the reception and absorption of organic (animal)

matter. The starch grains in the part above ground of

the petiole and lamina are oval ; in the basal sheathing

part of the petiole, on the other hand, the grains are cylin-

drical or rod-like.

The living cells of the lamina and petiole contain a

colourless substance dissolved in the cell-sap, precipitated

by bases in the form of dark grains which are redissolved

by acids. The glands contain no starch. The red colour-

ing matter of the glands becomes converted into green by
the action of strong bases as ammonia and potash, but

is again restored by the action of acids. The colour

seems, therefore, to be identical with the red colouring

matter of plants so fully described by Prof. A. H. Church
in a recent number of the Jottrnal of the Chemical
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Society, under the name of Coleine. Colourless glands

become coloured artificially after the absorption by

the leaves of red-stained albumin. The fibro-vascular

bundles, as far as the petiole, are also coloured, thus ren-

dering the absorption very evident. After death black

granules form in the tissues of the leaf, visible as black

specks on the surface.

In the midrib of the petiole a well-developed axile fibro-

vascular bundle runs ; from it straight branches proceed

into the wings in a " curved veined " manner. The

branches split into smaller and smaller twigs, the branch-

ing, however, not being symmetrical. In the midrib of

the lamina there is a large axile fibro-vascular bundle,

which gives off branches (at a right angle) running parallel

towards the margin, where they fork and again unite.

One bundle formed by the union of the fork-branches

runs into each marginal seta of the leaf.

The phloem of the fibro-vascular bundle consists of

soft bast ; the xylem, in the lamina, chiefly of spiral

vessels ; in the petiole there are other vessels in addition.

In the youngest leaves the petiole and lamina are not

separable. The part first formed, and springing from the

flat vegetative cone represents the origin of the lamina,

but it remains rudimentary for a long time, during which

the petiole is rapidly developing at its base. The lamina

at first forms a straight continuation of the stalk, then

bending through an angle of iSo° bends itself over into

the grooved petiole. Afterwards it just reverses the pro-

cess and straightens itself as it expands.

The margins of the lamina are in the early stages rolled

inwards. Afterwards the petiole expands in a plane, and

last of all the lamina becomes fully developed.

The stem is short and thick v/ith a ring of xylem. The

bundles pass transversely, so that one enters each leaf

and each root.

The lateral rootlets are long and strongly developed,

but never branch. The cells at the apex are red in colour,

the cortical cells become brown in centripetal order and

die in as far as the sheath of the fibro-vascular bundle.

The vessels develop first at the periphery of the axile

bundle, increase in a centripetal direction, and ultimately

form an eight-rayed star.

The third paper is by Dr. J. Schroeter, " On the Deve-

lopment and Systematic Position of Tulostoma, Pers."

It describes the structure of a very interesting little fungus

which passes part of its life below ground, then the stalk

elongates, and the open periderm, with a capillitium, appears

above ground. The plant described is Tulostoma pedun-

ciilatuin, L. {T. linunale, Pers., T. mammosiim, Fries.

Cooke). The sporocarps are developed at a depth of

from two to three centimetres below the surface of the

ground. They spring from a white, branched, thread-like

mycelium, running between grass-roots, and old moss-

plants. The mycelium gives rise to fusiform structures of

varying thickness, and these pass over by all gradations

into true scleroiia. The sclerotia give rise to the sporo-

carps, but the development was not observed ; apparently,

however, they bud out from a spot on the surface of

the sclerotium. At first the sporocarp is like a small

bovista. The spores are developed on remarkable basidia.

These form four elongations springing from the sides at

unequal heights, and each develops a spore. The basidia

only last a short time, and a capillitium is developed in the

interior of the peridium, the spores lying between the

meshes. Tulostoma has been placed among the Gastero-

mycetes,in the Lycoperdacea;,but the peculiar development

of the basidia at once separates it from the Lycoperdacca;,

and Schroeter proposes to place it in a new group of the

Gasteromycetes, the Tulostomaceas. The curious genus,

Pilacre, seems also to Schroeter to belong to the same
division, and he further suggests the possibility of the

remarkable genus Batarea being also related.

The fourth paper is one of the highest interest and
deals with a most remarkable group of plants. Exceed-

ingly simple in structure, they attack many alg;E and
water-plants, and seem not unfrequcntly to have been

described as the fruits of alga; by certain algologists. It

is by Dr. Leon Nowakowski :
" Contributions to the

Knowledge of the Chytridiacete," and is illustrated by

three plates. The genus Chytridium, which gives its

name to the group, consists of only one cell. Rhizidium

consists of two cells, the lower forming a root-like or

branched mycelium-like structure, while Synchytrium

consists of a group of cells. Zygochytrium and Tetra-

chytrium of Sorokine are the most highly developed, and
in them the zoosporangia are produced as a branched

bearer. Nowakowski describes a new genus, Cladochy-

trium, in which a branching mycelium is developed in the

tissues of the host-plant. Another new genus, Obelidium,

has a stalk to the zoosporangium and a well-developed

mycelium. The spores of Chytridium are formed by free-

cell formation in the zoosporangium, and generally possess

a very highly refracting nucleus. The zoospores exhibit,

as first pointed out by Schenk, peculiar amoeboid modifi-

cations of form. The zoospores have only one cilium

either before or behind. Conjugation of zoospores has

not been observed. When the spores germinate the

nucleus gradually disappears and the whole spore either

at once grows into a new zoosporangium, or a sort of

mycelium is formed. Resting spores have been observed

in Chytridia as in Rhizidium, and probably occur in

others. The position of these plants is at present doubt-

ful, but probably they are allied to Saprolegnia.

Nowakowski has described certain new forms and

carefully- observed forms already described but not fully

studied. The following is a synopsis of the forms

described :

—

I. Chrytidium, a. Br.

1. C. destruens, nov. sp., occurs in cells of a new green
gelatinous alga, developing zoospores, and described by
Nowakowski under the name of Ciicetoiieiiia iyregulwe.

2. C. i^regariuin, nov. sp., in the ova of a Rotifer
;

found among the gelatinous matter of Clicetoplwra eiidi-

vicefolia.

3. C. macrosporum, nov. sp., also in the ova of a Ro-
tifer ; found among the gelatinous matter of Chcetophora

eU'^ans.

4. C. coleocliaetes, nov. sp. In the oogonia of Coleo-

cliaete puhnratum, and never in the vegetable cells.

5. C.microsporuin, nov. sp., a specimen ai Mastigothrix
(xruginea, Ktzg., found in gelatinous matter of Chatoplipr<i

elegans.

6. C. epithemia, nov. sp., an Epitliemia zebra, one of

the Diatomaceaj.

7. C. mastii^otriehis nov. sp., a mastigothrix ceru-

s^inea, as in No. 5.

II. Obelidium, nov. gen.. Now. The one-celled zoo-

sporangium is elevated on a more or less developed bearer



Sept. 20, 1877] NATURE 437

from the middle of a star-like dichotomously-branched
mycelium, which radiates in a single plane. The zoo-

sporangia are separated from the mycelia by a transverse

wall. The zoospores are developed in small numbers,
and escape by a lateral opening.

I. O. inncronatiim, nov. sp. In the empty skin of a

gnat-larva.

III. Rhizidium, A. Br.

I. R. mycophilum, A. Br., is fully described and figured,

and the resting-spores traced through their long period of

repose.

IV. Cladochytrium, nov. gen., Now. The zoospo-

rangia are either developed as intercalar swellings of the

one-celled mycelium in the tissue of the host-plant, and
separated by transverse walls, or they are terminal at the

end of single mycelium threads. The zoosporangia dehisce

either by the opening of a long neck, or by a lid.

Secondary zoosporangia are developed either in rows or

in the interior of old empty zoosporangia.

1. C. ttiiuc, nov. sp., in the tissues of Acorus calamus,
Iris pscudacorus, and Glyceria speciabilis. Closely related

to Protomyccs 7iicnyanthis, De Bary found in the leaves

and petioles of Mciiyaiithes trifoliata.

2. C. elegaiis, nov. sp., in the gelatinous substance of

Chatophora clcgaits.

The last paper is by Prof. Cohn himself—" Remarks
on the Organisation of Certain Swarm-Cells." It is chiefly

devoted to an account of Conimn ictras, A. Br., and cer-

tain subjects suggested by the examination of that plant,

such as the nature of the " amylum kern," or starch

nucleus, the inner organisation of swarm-cells, the cavities

and contractile vacuoles in such cells, and the com-
parison of swarm-cells with one-celled animals. The
whole number is one of great interest and will well repay

perusal. W. R. McNab

OUR BOOK SHELF
Physios^aphy and Physical Gecoraphy. By the Rev.

Alex. Mackay. (Blackwood and Sons.)

In his preface the author draws attention " to the
peculiar character of the present work," and quotes by
way of explanation two paragraphs from the Directory
of the Science and Art Department. He remarks that
" the student will at once peiceive that the author has
discussed all the subjects embraced in the new syllabus

"

of the department. The spirit of this discussion and
"the peculiar character of the work" will be best appre-
ciated from a few extracts.

"The combined result ofvarious experiments gives to the
earth a density of 5 '66 times that of water. But more reli-

ance should be placed on the number indicated by the Great
Pyramid, which in this as in so many other great cosmical
data, has anticipated modern science by more than 4,000
years." "The sacred volume declares that in the days of

Noah the whole world was inundated by a flood, which
covered the highest mountains, and that, with the exception
of one family, the entire human race was destroyed. A
change in the inclination of the earth's axis would certainly
produce such a catastrophe— a catastrophe which was
accompanied with direful results to all future generations

;

the alternations of heat and cold became so rapid as to

affect the longevity of man, which has from that date
gradually shortened from nearly a thousand years to
three-score years and ten." "Why the planets move in

elUptical orbits " is the title of a paragraph, which, con-
taining no reference to nor explanation of the ellipticity

of the planetary orbits, is embellished with a diagram to

show why the orbits are circular. " Mountain-chains of
the same geological formation are believed to be of the
same antiquity ; and, however widely separate, are

parallel to one another." " The slow increase in the salt-

ness of the ocean may account for the otherwise inexpli-

cable fact that frequently since the ocean became
inhabited, its varied population became wholly or almost
wholly extinguished." " The antiquity of the human
species as indicated by geological evidence, no doubt
conflicts with the chronology of Usher, founded on our
modern Hebrew text. In the matter of antediluvian

chronology, however, the Hebrew tej.t has, in all proba-
bility, been tampered with, as we have shown at large in

a separate work (' Facts and Dates,' p. 62-69). The
Septuagint translation—a translation sanctioned by our
Lord and his Apostles—assigns to our race an antiquity

of nearly 1,500 years more than Usher does. Science is

giving its emphatic verdict, in this particular, in favour of

the Septuagint ; and though the extended chronology
may fail in meeting all the difficulties of the case, it will

certainly meet many of them . . . Geologists are too apt

to toy with millions of years as if they were playthings,

and to show no regard to moderation or common sense.

Science has not hitherto been able to determine the actual

antiquity of the planet, and probably never will."

T/ic Book of Algebra. By A. T. Fisher, B.A. (London :

Stewart's Local Examination Series, 1877.)

Mr. Fisher has aimed at writing a short work on algebra

for students who have no intention of reading high
mathematics. He has done his task well, and the result

is a compact and carefully put together little book. The
limit he has set himself is to enable a reader to under-
stand all that is required as preliminary to the solution

of higher simultaneous equations ; hence we have nothing
on the Progressions, Notation, Permutations, &c. On a
perusal of the work we have been especially struck with
the care taken by the author to bring out a book bur-

dened as httle as possible with mistakes. For three-

fourths of the book he has been assisted by the printers,

but in the chapters on surds, indices, and higher equations

we have noticed a plentiful crop of typographical errors.

Most of these are, however, easily corrected. There is

an unfortunate mistake of + for X twice on p. 47 ; of
- for -~- in Ex. 14, p. 52.

Some readers would require a larger number of ex-

amples ; those that are given are, on the whole, verj' well

chosen, and there are some useful problems neatly solved.

It is possibly an objection, certainly in the elementary
parts, that the answers immediately follow the questions.

The book is neatly, and for the most part carefully,

printed.

Bulletin of the United States Geological and Geographical
Survey of the Territories. Vol. iii. No. 2. (Wash-
ington, 1877.)

The second number of the above Bulletin contains three
important entomological articles from the pens of Messrs.
Osten Sacken, Uhler, and Thorell.

The first memoir, from the pen of that distinguished

Dipterist, Baron C. R. Osten Sacken, bears the modest
title of " Descriptions of New Genera and Species of

Diptera from the Region West of the Mississippi, and
especially from California," but he who takes up the

paper expecting to find nothing but bare descriptions

will be agreeably surprised to find it interspersed with
analytical tables of the Diptera of the United States,

with diagnoses and critical notes on many species already
known, with remarks on their geographical distribution,

synonymy, and in fact anything that could in any way
contribute towards rendering this order of insects clear of

comprehension or attractive to the student.

The second article, by Prof. P. R. Uhler, is a report on
the insects collected by himself during the exploration of

1875, including monographs of the hemipterous families

Cydnidce and Saldce, and an account of the hemiptera

collected by Dr. A, S. Packard, jun. The monograph of
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the Cyanida commences with an excellent conspectus of

the genera of that family, followed by detailed descrip-

tions of both genera and species ; two well-executed

uncoloured plates accompany the paper.

In the third memoir Dr. T. Thorell gives an account

of the Arnnea: collected in Colorado in 1875 by Dr.

Packard ; the descriptions of the species are drawn up in

the author's usual careful and exhaustive style, and leave

nothing to be desired but illustrations, the absence of

which we cannot but deplore ; an appendix by Mr. J. H.

Emerton (the welMcnown American arachnologist) de-

scribes two additional species of the genera Epeira and
Drassus, with which two woodcuts are given.

A. G. Butler

LETTERS TO THE EDITOR
\The Editor does not hold himself responsible for opinions expressed

by his correspondents. Neither can he undertake to return,

or to correspond with the writers of, rejected manuscripts.

No notice is taken of anonymous communications.

The Editor urgently requests correspondents to keep their letters as

short as possible. The pressure on his space is so great that it

is impossible otherwise to ensure the appearaiue even of com-

munications containing interesting and novel facts.]

Temperature of Moon's Sun'ace

In a recent number of les Mondes (tome xliv., No. i, Sep-

tember 6, 1877), M. I'Abbe F. Raillard puts forward a theory

to explain the reddish tinge acquired by the moon during a total

eclipse, attributing it possibly to the great elevation of tempe-

rature caused Dy the continuous exposure of its surface for many

days previous to the solar rays, which he thinks may be adequate

so to raise its temperature as to render it self-luminous.

In support of his theory he refers to my experiments with

the thermopile, and states that I have found the lunar surface to

acquire under solar radiation a temperature of more than 500°

Centigrade. Now in a paper published in the Proceedings of

the Royal Society, No. 112 (1869), I estimated the radiation to

be equal to that of a kmp-blacked surface 500° Fahrenheit

higher in temperature at full moon than at new moon, but on

repeating the experiments 1 with more care, 197° Fahrenheit, or

*loo° Centigrade, was found to be a far more probable value, a

large error having crept into the former result. It is, moreover,

shown in my last paper that near the middle of the partial

eclipse of 1872, Nov. 14, the radiant heat was only about one-

half of what it had been two hours before, having kept pace in

its diminution with the light. Observations made during the

recent eclipse, so far as they go, fully confirm this result, and I

much doubt if five per cent, of the heat acquired since new
moon is retained till the middle of a total eclipse ; heat, too,

which we have shown from its low mean refrangibility as com>

pared with that of the direct heat of the sun to have been truly

absorbed by the lunar surface.

M. I'Abbe Raillard appears to be mistaken in supposing it to

be the generally received theory that the red tinge is due to

dispersion rather than to simple refraction and preponderant

absorption of the more refrangible rays in passing through the

earth's atmosphere.

There appears to be, therefore, no ground for supposing that

the difference between the " lumiere cendree " of the unillu-

minated surface of the new moon and its reddish hue during a

total eclipse is to be ascribed to a difference of temperature, and

I think that we must fall back on the usual explanation .

It may also be expected that independently of any tinge due

to unequal absorption by the earth's atmosphere the prepon-

derance of blue and green on the terrestrial surface may not be

without influence on the colour of the "earth-light " which gives

rise to the " lumiere cendree " and may contribute to an appre-

ciable degree towards forming a contrast between its hue and
that acquired by the moon when totally eclipsed,

September 15 RosSE

Rainfall and Sun-Spots in India

As Prof Balfour Stewart says the true test of a physical cycle

is its repetition, and since he evidently regards the tendency to

repetition which he has shown to exist in the rainfall of Madras
I Phitosophkal Tranmctions, 1872.

as a favourable indication of the presence of a physical cycle such
as that claimed by Dr. Hunter, I may perhaps be allowed to

supplement my former statements regarding the tendency of the

winter rainfall in many stations of Upper India to vary in a cycle

corresponding inversely with the solar spots, by exhibiting a
similar tendency to repetition in the rainfall of Calcutla. The
following table represents the winter rainfall of Calcutta from
1S33 to 1S76.

The rainfall is taken for the months of January, February,

March, and April in each year, together with that for December
of the preceding year. The November fall is excluded chiefly

because experience and an inspection ol the register show that it

properly belongs to the summer monsoon rainfall, occurring

almost entirely in those years in which the summer monsoon
rains are either very heavy cr prolonged, and in fact being nothing

else than the last drop they shed before they take their departure.

The real winter rains commence in the Christmas week, so

December really includes their actual first appearance. As the

summer rains seldom begin before the second week in June, we
are well within correct limits in taking the rainfall from December
to April inclusive. The following table is arranged after the

model of that given by Prof. Stewart in his letter to Nature
(vol, xvi. p. 161) :

—

Years
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be inferred, an indication of the presence of some physical cause

tending to increase the rainfall in years of minimum and diminish

it in years of maximum solar maculation.

Bankipore, Patna K. D. Archibald

The Australian Monotremes

It is certainly news to me, and I believe to most other

European naturalists, that Tachyglossus and Ornilhorhynchus

occur in Norlhern Queensland. Perhaps W. E. A. will kindly

state, for our information, the exact spots where they have been

discovered and their extreme noithern limit, so far as this has

been ascertained

.

W. E. A. speaks of an adult female Echidna {sive Tachy-

glossus) having "a fine healthy young one in the pouch." Is

there not some error here, as the monotremes have, strictly

speaking, no marsupial pouch ? P. L. S.

With reference to the existence of Tacliyglossus (oliin Echidna)

in North Australia, and the recent discovery of one (or posMbly
two) species in New Guinea, the following account, which I

lighted on a few evenings ago, when looking over an old volume
of the Field, seems to be of sufficient interest to warrant its

transfer to the pages of Naturf. The account in question

occurs in an article "A Week at Plain Creek, Queensland," by
Mr. E. B. Kennedy, which appeared in the issue of that journal

for .September 20, 1873. It runs as follows :
—" . . . Whilst

so engaged we heard our dogs making a tremendous noise, high

up the bank in the scrub, and upon going to ascertain the cause

found them scratching, yelling, and pulling at a porcupine which
was half imbedded in a hole ; we were at least ten minutes

digging him out with sharp-pointed sticks, such was his tenacity

in holding on and burrowing. The quilk were not nearly so

long as the Cape of Good Hope species (of course a true

llystrix), an<.l he differed from that quadruped in having a sort

of beak instead of a regular j.aw. " It is to be regretted that Mr.
Kennedy did not preserve his specimen, which was ultimately

cooked and eaten ! I should have mentioned that Plain Creek
lies in 21 lat. S., so that this is certainly the northernmost
locality on the Australian continent, where we have certain

knowledge that the Ecliidna occurs. As we now know that

many North Australian species of birds range also into southern

New Guinea, it would hardly be surprising if the Tachvglos^us

of the Fly River and south New Guinea were nothing more than
the well-known Tachyglossus hystrix. It is to be hoped that

this point may soon be solved by the arrival of specimens from
both localities. W. A. Forbes

English Names of Wild Flowers and Plants

To all who are interested in the history of the English
language the derivations proposed for the vernacular names of

many plants in the Rev. W. Tuckwell's lecture (see Nature,
vol. xvi. p. 385) will be highly appreciated. And even in the

few cases where the etymologist may feel doubtful as to the

verisimilitude of the suggested pedigree it will for the most part

be difficult to propose another with any great confidence.

There is, however, one of these doubtlul cases, the derivation

of woodruff from wood-roue, in lieu of which I have to offer a
conjecture which appears to need no lengthy argument to insure

its acceptance.

Is not the ruff of woodruff identical with the riff of sherriff?

Is not, in short, the woodruff the wood-reeve, just as the sherriff

is the shire-reeve ? That the German wald-meister has the same
connotation and is applied to the same plant is evidently a
striking confirmation of this view, and it would be interesting to

know whether the word wald-graf (z.t'., wald-ge-raf = wood-y-
reeve), or any equivalent form, is to be met with in high or low
German literature.

I used to be told by a school-fellow that the way to spell

woodruff was

—

Double U, double O, double D, E,
Double K, double O, double F, E.

Even under the disguise of woodderrooffe, however, the origin

of the word is perceptible.

As regards the main purpose of the Rev. W. Tuckwell's
paper, I feel strongly that scientific accuracy is compatible with

a much freer use of vernacular words than is customary amongst
us, and that their adoption by science teachers would remove a
great stumbling-block from the path of learners.

Manningham, September 10 J. Willis

Some of the Troubles of John O'TooIe respecting
Potential Energy

"It is the people's ri^lit to demand of their teachers that the
information eiven them shall b^, at least, definite and accurate

a*; far as it goes," and " whenever there aooears to be a contusion

about fundamental principles it is the dtiy of a scientific min to

endeavour by all means in his power to remove it." These are

the words of one of the teachers.^ I am one of the people- -as
indeed, my name testifies, Toole ( Tuathal) being the Irish

equivalent of the Latin Publius—and I would now, on hehaU of
myself and every brother Publius, assert our above "right" in

respect of the matter now in hand, and demand the performance
by the doctors of their corresponding "duty." Now there is

much " confusion about the fundamental principles " of phvsical

Energy in the minds of the public who care about such things
;

and it is principally, though I admit not entirely,' the doctors

who are to blame for this. Their own ideas on the subject being

so clear and correct they are superior to the phraseology they

use respecting it, and they are not injuriously affected thereby
;

hut those who are dependent on that phraseology for their

knowledge are in very different case. Let me, as one of the

latter, point out some of the perplexities under which we labour

from no fault of our own, and which we should be spared

if our teachers would only condescend to use their words dis-

creetly and consistently. It may be well to premise that we
know the definition of physical Energy, which is

— "the power
or capacity of performing work ;

" and that we are not now
m.iking any confusion between Energy and force.

The word "potential" has two very different meanings—(l)

Of, or belonging to, potency or power ; (2) Existing in posse, or

in possibility, as opposed to existing iti esse, or in actuality
;

and the expression, "potential Energy," can have no less than
three references or meanings, which we shall mark with A, B,

and C > and each meaning has its own proper inconveniences

independent of the perplexities arising from their mutual
relations.

A.

—

Potential E., as meaning '' Energy existing in posse."

The phrase "potential E." is in the first place very gene-

rally intended to mean E. existing /k posse, according to one
proper signification of the word "potential." The phrase was
first used by Rankine,^ and apparently in this sense ; he con-

trasted " potential " and "actual" E. This antithesis is still

very generally implied and sornetimes expressed. Clerk Maxwell
tells us ^ (the statement being repeated only last year^) that
" potential E." "signifies the E. which a system has not in actual

possession, but only has the power to acquire." Worm^ll says ®

— "It has been aptly called possible or potential E. , because it

represents the power the body has of acquiring actual or kinetic

E." Many of our doctors use the phrase " potential E." with-

out explaining it, and of course, unless there be some particular

reason to the contrary, such must be understood to give it, as

one of its significations, at least, the original meaning intended

by its proposer (or if not they are guilty of a very misleading

omission, iitritm horuin mavis acerpe) ; and this is especially

undeniable in the case of those who apply the title " actual " to

the other type of E. Balfour Stewart, though he seems to have

quietly dropped the name " potential,"" has really retained the

idea implied thereby, for he still habitually calls the other type

of E., that of motion, " actual E.," as its disUnguishing title.

Moreover, this idea is involved in other statements, &c., of our

teachers. For instance, we occasionally find language used

which seems to imply that potential E. must first emerge as

actual E. before it can produce work, as by Di-schanel,' by

Dunbar Heath,^ and by Balfour Stewart.'" OI>servr, also, the

expression "E. of actual motion," which is frequently iispj hy

the last-mentioned doctor,'' and accepted at least b Tait. " " E.

Tail Evenire lecture during meeting of Brit. Assoc at Glasgow in

1876 Naturr, Sept 2t, 1876.
" That brother Publius who wrote the article on Tyiidall's " Heat," in

Black-Mood's Ma^., December, 1863, was partly responsible for his own
confusion about Energy.

3 Pliil Mag., February, 18=3. He says :
" All conceivable forms of E.

may be distingtiished into two kinds, actual or sensible, and potential or

4 "Theory of Heat." p. 91, 1871.
5 "Matter and Motion," p. 81, 187S.
c> " Dynamics," p. 185.
^ At least it never occurs in his " Conserv. of Energy," 1S74, though

frequently in " Elem. Physics," 1S70.
8 " Nat. Phil.," p 78, edition of 1870.
«" Energy," p. 64. »" Elem. Physics," pp. 104-106. But see p. 360
" " Conserv. of Energy," p. 25, and elesewhere.
'- " Unseen Univ." (last edi'ion), p. 109, twice.
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of actual inrition," as a disiiiigitiihing title, cannot mean 'any-

thing ehe than this -that the other E., potential E., is E. of

ahoHt-to- supervene mntinn, or that it does not perform work
e«ce(it throiiirh the resulting E. of motion. We do not say that

these rioctors intended what we have mentioned, bat their words

unquestionably go to convey that impression ; and what makes
this so particularly mischievous is that poor Publius is already so

susceptible to that impression, being prepared for it by the titles

"potential" and "actual" E.

1 shou'd not be at all surprised if some would try to argue

that the phrase "potintial E." need not be taken to mean more

than sir..pl rhis, viz., that the E. so called e.\ists in possibility

nlatwe/v to the body or system that may be in question, that its

potentiality merely implies that it is absent from and acquirable

by that body or system, and not that it is altogether out of

actual existence.

I. Now even supposing this to be true, though I have never

seen any evirlence of it, and even if we should grant this to be a

right usage when the body ax system is followed through the

history of its changes, it is a wrong usage when, as in a book or

cha' ter on E., Energy is the subject, when it is the conserved E.

itself which is to be followed through its migrations. Why
should this grand conserved E. be stigmatised as merely potential

when it di>es not happen to be in a certain mass? Relatively to

that mass it may be some times potential, but relatively to itself

it IS, as we shall see, alvla^s actual.

But we cannot concede that the potentiality of this mode of E.

implies merely the above. I believe it is usually intended to

mean much more ; and, at any rate—whatever iho.se who use the

word may intend—it logically involves much more ; and this is

what poor PuUius is chiefly concerned with. Now if we con-

sider the words of Clerk Maxwell quoted above, we shall see

that in the case of a separate unconfected system, such a state-

ment coming from him cannot possibly mean that the said E. is

in actual existence outside of the system, and is waiting there

until the system takes possession of it. If it is not in the system

there is nowhere else where it can be ; therefoie it is not in

actual physical existence at all, although connected with existence

by someincon;eivable paraph\.sical link. The acquiring of it is a

kind of creation of it. Curiously enough Stewart and Tait'

speak of the " creation " and "annihilation" of both types

of E.
2 Here, then, comes our second complaint. E. is " the power

of performing work ;" therefore potential E., which is intended

to be the power of acquiring E., is the power of acquiring the

power of doing work. E. is already a potentiality ; therefore

potential E. is a potentiality which, itself, exists only in poten-

tiality. There is here a double remotion from tangibility, which

may be gratifying to the metaphysicians, who rejoice the more

the harder the nuts you give them to crack ; but poor Publius

finds bonnes boticlics of this sort rather trying to his molars.

3. Potent'al E., in the present sense, being, as we have seen,

undeniably out of actual physical existence, poor P. does not

feel that he has giined much when he learns that the sum of the

actual and potential E.s of the universe is a constant quantity

—

for this is the form in which the grand principle of the conser-

vation of E. is usually, or at least frequently, presented to him

by the doctors. A rigid physicist, who himself believes in

nothing but the physical, teaches poor P. something which
compels him to stand with one toot on the land of physics and

the other in the sea of metaphysics, in order to reach it all.

This teacher forces poor P. to recognise the metaphysical, while

he scorns to do so himself. The combination of the two

characters of conductor and of pure finger-post, in the same
person puzzles Publius a good deal. Sometimes, when poor

Publius thi'nks that he has grasped the principle in the above

form, it seems to him to turn out only a truism, after all ; and
indeed no less a man than Sir John Herschel sympathised with

him in this idea.^ I am not sure that they are right ; they seem
to overlook that this potential E., though undeniably out of

physical existence, is by some mysterious paraphysical operation,

recoverable in its former quantity. However, P.'and Sir John
are right, so far, that the doctors will sometimes inadvertently

allow themselves to present a physical principle of E., which is

very far from self-evident, in a form which has all the appear-

ance of a logical truism; e.g. when we are told that "the E.

exerted is equal to the work performed." P. sajs I could have

- " Familiar Lectures," p. 463. See Rauliiiie's answer to Herschel, Fhil,

Ma^ , February, 1867.

told you that from the definition of E, , wliich is "the power of

performing work."

4. Potential E being that which is not had in actual possession

by the body (or system) in question, how can that body be " a

store of potential E. ? " ' How can the body contain that which
is not in it ? The d tctors should explain this. However, I am
glad to find that my cousin Barney was not so wrong, after all,

when he complained that Ireland was swarming with absentee

landlords.

5. But to pass now from a posteriori objections to the phrase

"potential E." in the present sense. This potential E. is so

called to distini;uish it from actual E. so called, and yet it is just

as immediately and directly efficient in performing its work as

actual E. itself, and, therefore, as truly actual as any E. can be.

When a certain quantity of potential E. is followed by its

equivalent actual E., what is the actual E. of the body but the

direct work of the potential E. done against the inertia of the

body ? It is from the doctors themselves, of course, that I learn

this. And yet it is very curious to observe how often they shrink

from directly stating this, and how ingeniously they will avoid it

(one doctor actually denies it). They will sometimes tell you
that the potential E. is " transjormcd " into the subsequent

actual E. and f. v. Sometimes, when they feel that this evasive

euphemism is unsuitable to their immediate purpose, they will

use what I, with the utmost deference as well as difference, hold

to be the proper word, viz., "transfer" ; but having made this

concession they refuse to proceed further, and shirk telling us

from what or to what the transference is made (more of this

presently). As we have said the kinetic E. of the moving body
is the direct work of the equivalent potential E. that preceded

it ; and if the work be, as it is, actual, the E. must be so too ;

as long as we remain in the realm of physics.

But more than this ; the potential E. of a mass, as it is ex-

pressed, can do other direct work than that of producing actual

E. in the mass concerned. Take the case of a clock weight,

which is so olten adduced, though never, as far as I know, for

the purpose of illustrating its own proper lesson. When wound
up it has, as we are told, potential E. ; but in its descent, while

working the clock, it never acquires more than the indefinitely

small quantity of actual E. v/hich is due to its excessively slow

motion ; and this actual E. is doing; no work during the descent,

since the velocity of descent is uniform. The only work that

this actual E. performs is to produce an infinitesimal amount of

heat at the instant of the weight's reaching the lowest point of

its descent ; that is to say, when the clock has stopped. This

is only one instance of a whole class of cases in which, as it is

expressed, a mass does work by means of its potential E. which

exists only in possibility, without ever having any actual E.

which it can apply to that work ! Moreover there are cases

outside of molar physics in which it is not yet known, for certain,

whether the E. present is conventionally actual or potential ; and

yet, in either case, the work is done immediately and directly
;

and therefuie the E. is truly actual whether conventionally so or

not. Therefore " potential E.," in the present sen.se, is a wrong

title for this or any mode of E., and this being so, " actual E.,"

as the distinguishing title of the other E., is wrong too; since

both are actual.

6. There are a very few of our doctors who use the name
"potential E." with another reference solely, and who, as it

would appear, designedly abstain from giving it the meaning of
" E. existing in posse" probably on account of some ol the in-

conveniences we have mentioned ; and yet they will use epithets

which at least tend somewhat in the same direction. They speak

of it as being " E. of repose " " (meaning of course reposing E.),

as being " of a quiet nature," i* "dormant,"* "quiescent,"*

"tranquil,"" and " passive "^ (!), in opposition to the other

type of E., which they coirespondin|,ly call "active"* and
" living." " Now poor Publius is strongly inclined to think that

if he had spoken thus they would have said that he had not yet

got hold oi the precise scientific meaning of E. It seems to him,

though he trembles to say it, that although in popular usage the

phrases, "quiet," " dormant, "&c., and " active energy " may do

very well, and convey a correct meaning, viz., that intended by the

' Thomson and Tait (\'at. Phil. p. 178) virtually say this, but with

them pot. E. does^not mean E. existing in possibility. So they are all right

in doing so.

= Baliour Stewart, " Cons, of E.," pp. 27, 143. 3 Of. cit., p. 23.

^ Stewart and Tait, " Uns. Univ.," p. 109; also Tail's ' Glasgow Lect."
5 Op. cit., p. III. ^ J?o

, p. 147. ? Tait, "Glasgow Lecture.
8 " Un.s. Univ.," p. ni ;iTait, " Glasg. Lect," and Tyndall, " Heat,"

2nd edition, p. 140. ^ Stewart, " Cons, of E.," p. 27.
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speaVer, yet that physical E., according to its definition, is not
capable of having such epithets applied to if, except in senses

which are not intended by those doctors. Active E. would not

be E. or "the fmver of performing work," it would be rather

the performing of that work. " Active E." being thus incorrect,

its above antithetic?, or approximate antithetics, are incongruous
expressions, or else have meanings different from what is in-

fended. If " reposing, ' "dormant," " quiescent " E. have any
meaning, it is that of " unaz'ailable E." If " quiet" and "tran-

quil " E. have any meaning, it is that of E. spending itself

slowly and equably. Poor P. thinks that the expression, " pas-

sive E. ," would sound very like a bull, whether used in a tap-

room or in a lecture theatre. He dares not entertain the

suspicion that these expressions had their origin in a momentary,
latent, unconscious contusion between kinetic E. and action in

the minds of the writers ; but he knows that they are eminently
calculated to cause a chronic intentional muddling of them both
together in his own brainpan.
Dublin {7'o be con/inutd.) X.

On the Supposed Action of Light on Combustion
The results obtained in the experiments mentioned by M. C.

Tomlinson are to be attributed to the elevation of temperature
of the candles exposed to solar light and /teat.

The influence of light on combustion has been mistaken for

the action of heat, which, in this instance, seems to have accele-

rated combustion, and in other instances retards it by increasing

the heat of the air and diminishing the draft. That is why
the sun shining over chimney-pots is said to cause smoke ; it

diminishes the ascensional speed of the air through the pipe.

Jersey, September 2 G. Savary

[On referring to Mr. Tomlinson's paper we find that out of

four trials, with a number of candles to each, there was a greater

consumption of material in the first and fourth trials in the light

than in the dark ; and in the second and third trials the con-
sumption was greater in the dark than in the light ; but in any
ca.se the difference was so small, amounting only to from two to

seven grains per hour, that it may fairly be referred to accidental

circumstances, such as differences in temperature, in currents of
air, and in the composition and matter of the candles. Some of
the trials were made in the diffused light of day, and in all the
trials the differences in temperature between the daik and the

light spaces were but small.

—

Ed.]

OUR ASTRONOMICAL COLUMN
The Satellites of Mars.—The following ephemeris

of the outer satellite is deduced from the elements given
in this column last week, except that the daily motion is

corrected to 285° 5''i47 by observations to Sept. 16 :

—

At 8h. om. At loh. om. G.M.T.
Pos. Dist. Pos. Dist.

Sept. 24 .. 247 ... 75 ... 23'7 ... 61

. ,, 25 ... 2S0 ... 49 ... 276 ... 68

„ 26 ... 52 ... 54 ... 26 .. 34
„ 27 ... 83 ... 70 ... 75 ... 77
,, 28 ... 192 ... 29 ... 129 ... 31

,, 29 ... 252 ... 76 ... 243 ... 68

,, 30 ... 297 ... 35 ... 274 ... 55
Oct. I ... 60 ... 63 44 ... 44
„ 2 ... 90 ... 59 ... 80 ... 71

„ :3 - 217 •• 38 167 25

,, 4 •• 257 ... 72 ... 249 ... 70

,, 5 ... 328 ... 26 ... 286 ... 41

For the inner satellite the following elements may be
taken as representing closely the Washington measures,
August 17-20 :

—

Passage of Ascending Node, August I7'89788 G.M.T.

Longitude of node 82 48
Inclination of orbit 25 24
Period of revolution o'3i84i days.
Log. radius of orbit at mean distance of

)

„,
Mars from the sun j

o-92bt)

They show the following differences of the calculated
angles from those observed :

—

Aug. 17

„ 18

Aug. ig + I 9
-f 0-1

S.pL 30 .
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the points of first and last appearance of some 13,000
meteors observed by Heis and the various colleagues who
assisted him from time to time, followed by partial dis-

cussion of the results and catalogues of radiant points.

A fuller account of this valuable publication must be
reserved for a future note. The first number of this

series contains Heis's long-continued observations on the
zodiacal light.

A New Comet.—M. Coggia, of the Observatory at

Marseilles, discovered a faint comet on September 14.

Its position at I4h. 38m. 8s. mean time at Marseilles,

was in R.A. 8h. 32m. 3'is. ; N.P.D., 41° 45' 59." Daily
motion in R.A. — 45 seconds, in N.P.D. -|- 18 minutes.
The comet has a central condensation, with trace of a tail.

CHEMICAL NOTES
Action of Organic Substances increasing the

Sensitiveness of certain Silver Salts.—Mr. M. C.
Lea, of Philadelphia, has criticised, in a short paper, the
theory brought forward by Poitevin and Vogel, that
increased sensitiveness was imparted to the halogen com-
pounds of silver by certain organic substances in virtue
of their affinity for hydrogen. From experiments he has
made he is led to the conclusion that these organic sub-
stances do not form substitution products as might be
expected if they possessed an affinity for hydrogen, but
that they all act as reducing agents. The natural view,
therefore, of their action which Lea deduces is that the
affinity of the organic substance for oxygen assists that of
halogen for hydrogen, and, under the influence of light, a
molecule of water becomes decomposed. That, in the
case of tannin and silver iodide for instance, the tannin is

oxidised, the iodine converted into hydriodic acid, and the
silver salt more or less reduced. According to this theory
traces of free acid would be found instead of the iodine
substitution product. His experiments have confirmed
this supposition, and he concludes, therefore, that the
increase of sensitiveness produced by organic substances
takes place in virtue of their affinity for oxygen promoting
the decomposition of water by the halogen employed.
Heat of Combustion of Oxygen and Hydrogen

IN Closed Vessels.— In a recent number of the Journal
of the German Chemical Society there are some experi-
ments on the above subject communicated by Than.
He has modified Bunsen's ice calorimeter, so as to make it

available for heat determinations in chemical action, and
by this means he has obtained accurate results of the
heat of combustion of electrolytic gases in closed vessels.
The terms " heat of combustion," or " total difference of
energy," are used by Than to express the quantity of
actual energy evolved when the combining gas, in the case
of oxygen and hydrogen at 0° and 760 mm., is completely
converted in a closed vessel into water. Taking the
atom of hydrogen as unity he finds that a gramme of
hydrogen uniting with the requisite quantity of oxygen in
a closed vessel to form water, produces 33982 units of
heat, which number agrees closely with that found by
Andrews, viz

, 33,970.

On Vapour Volumes in Relation to Avogadro's
Law.— In the same journal {Ber. chem. Ges., x.) there is a
paper by Troost, detailing experiments made to determine
the accuracy of Avogadro's theory that " equal volumes
of substances in the state of vapour contained the same
number of molecules," i.e., that the volume of the mole-
cule of hydrogen being called 2, the volume of all other
molecules must also be 2 ; instead of as happens in cer-
tain cases, apparently 4, 6, or 8. The method of experi-
ment adopted was to introduce into the vapour of chloral
hjdrate a salt containing water having a dissociation-
tension nearly equal to that of chloral hydrate ; if the
chloral hydrate vapour undergoes dissociation, and con-
sists of equal volumes oi chloral and aqueous vapours,
then the vapour volume will remain constant ; but if

chloral hydrate is volatile as such, its vapour will be free

from water, and on introducing the salt it will give up
water, and the volume of vapour will increase till the
dissociation-tension is reached. The salt used was potas-
sium oxalate, containing one molecule of water. Troost
has found that the volume increases on the addition of
the oxalate, leading him therefore to the conclusion
that chloral hydrate undergoes volatilisation without
decomposition.

Chemical Constitution of the Minerals
Hatchetolite and Samarskite, from North
Carolina.— Mr. O. D. Allen has lately had an oppor-
tunity of making some further experiments on the above
minerals lately described by Mr. J. L. Smith, and of which
a short note was given some time ago in NATURE. His
analytical results confirm those of Mr. Smith, and from
these he deduces a ratio among the elements closely

corresponding to that of R2R32H2O, or

R2R2O7 + 2R R2O4 + 4H2O,

when R represents one atom of a bivalent radical, or two

of sodium, and R, tantalum or columbium. The investi-

gations of Rammelsberg point to the conclusion that
three columbates (having columbium replaced by tantalum)

occur in minerals, viz., RCb206, RjCbjO,, and RjCbjOg,
which, singly or combined with each other, constitute
mineral species. Mr. Allen regards hatchetolite as com-
posed of the first two, with a small quantity of normal
titanate. He also thinks that it may have resulted from
the alteration of a mineral possessing essentially the
same composition aspyrochlore,by hydration, and removal
of alkaline fluorides. From his analysis of samarskite a
ratio is obtained closely approximating to that required

by the formula RoRjO, + RjRjOg. From this it would
appear that samarskite closely resembles fergusonite in

chemical constitution, the formula of that latter body,
deduced by Rammelsberg, being R3(Cb, Ta)20j,.

On A New Class of Bodies termed Platoiod-
NITRITES.—Nilson has lately described in the Ber. Berl.

chem. Ges. x., a series of bodies to which he has assigned
the above name, and which he prepares by acting on
potassium or barium platinonitrite with an alcoholic solu-

tion of iodine. Aldehyde is evolved on heating the
mixture, which latter, originally brown, becomes of an
amber colour. The platoiodnitrite is deposited in crys-

tals. He has prepared the potassium salt in four-sided

amber prisms, and assigns to it the formula K^NjO^UPt
(H20)2. He represents the reaction by the following

equation :
—

K2(N02)4Pt -f I2 + (C2H60)3= K2N204l2Pt -f CjH^O +
lC2H50i\0),-|-2tH20).

He describes also a new acid obtained by decomposing
barium platinonitrite with sulphuric acid and evaporating

in vacuo. The first product consisted of an acid corre-

sponding to the platotetranitrosylic acid of Lang, but on
evaporating the solution to dryness, after removal of the

first crystals, a permanent residue of a brownish-green

colour remained, which, after drying over sulphuric acid,

gave on analysis the following composition : H4(N02)3
Pt30 . 2(H20). The author calls this triplato-octinurosylic

acid.

A New Acid.—At the last meeting of the Nieder-
rheinische Gesellschaft fiir Natur und Heilkunde of Bonn
Prof. Mohr announced the discovery of a new acid of
phosphorus and oxygen, by Herr Th. Salzer, of Worms.
The new acid stands between phosphorous acid and
phosphoric acid, and consists, according to old notation,

of one atom of phosphorus and four atoms of oxygen. It

has been named hypophosphoric acid. It forms a rather

insoluble soda salt. Herr Salzer found that the " acide
phosphalique " described by Pelletier consists of a mixture
of phosphorous and hypophosphoric acids.
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REMARKABLE PLANTS
IV.

—

The Blue Gum Tree {Eucalyptus globulus,

Labil.).

SO much attention has been directed during the last

few years to the various remarkable virtues attributed

to this tree, that an exaggerated idea of its value may
exist in many minds. Sufficient has, however, been
established on irrefragable authority to justify a brief

account, in this series of papers, of the known proper-

ties and qualities of the Eucalyptus. We rely for a con-

siderable proportion of our (acts on a lecture delivered

before the Royal Botanic Society of London in 1874, by
Prof. Bentley, and on the account of the tree in Bentley

and Triinen's " Medicinal Plants," part 15, our illus-

tration being also, to a considerable extent, copied from
that in the latter work.
The genus Eucalyptus is a large one, numbering about

150 species, and belongs to the natural order Myrtaceas,

distinguished by the number of trees and shrubs included
in it which yield aromatic properties. The species are
all, with a few doubtful exceptions, natives of Australia or
Tasmania, and are known in the Colonies as " gum-trees"
and "stringy-bark trees." They are all evergreen trees,

several of them of enormous height. The one we are
describing, a native of Tasmania and temperate Australia,

is perhaps the most gigantic of them all, not unfrequently
attaining a height of upwards of 300 feet.

The leaves vary remarkably according to the age of the
plant ; when it is young they are large, sessile, and oppo-
site, of a bluish glaucous- white coloar, and placed at

right- angles to the branches on which they grow, while
on older plants they are much narrower (as shown in the
drawing), alternate, bluish green, and, by a twisting of the
petiole, appear as if placed obliquely, or in the same
plane as the branches, with their flat surfaces lateral. Th ;

flowers are large and not very unlike those of the myrtle,

with a very large number of stamens, but differing in the

Eucalyptus gloinlus (Blue Gum Tree). Branch with n (reduced)

J

absence of a corolla, the limb of the calyx becoming
detached when the flower opens in the form of a lid or
" operculum."
The rapidity of the growth of this tree is one of its

most remarkable and valuable features. Although not

introduced into this country till the year 1856, and not

perfectly hardy here, except perhaps in the extreme

south-west, trees of a considerable size are not unfre-

quently seen. A specimen only two years old has flowered

this year in the Economic House at the Regent's Park
Botanic Gardens. In its native country it is stated that in a

grove planted only sixteen years, the average height of

the trees is seventy-two feet, and the girth of the stems

six feet ; while a tree ten years old presents the develop-

ment of a well-grown oak of a century. In fifty years

they are said to attain a height of from 160 to 200 feet,

and the trunk a circumference of from 50 to 60 feet

at the base. Even where the Eucalyptus is not indi-

genous, well-authenticated instances of a rapidity of

growth almost equalling this are on record in favourable

climates. Mr. Thomas Hanbury states that near Mentone
a seedling planted in March, 1S69, was then three feet

high ; in 1874 it had reached forty-eight feet, and the

circumference of the trunk was three feet at three feet above
the ground. In Algeria the growth is no less astonish-

ingly rapid. The gigantic size of the trunk is combined
with a peculiarity of growth which greatly adds to the

value of the timber. It rarely sends out a branch till the

stem is 100 feet high, and Prof. Bentley states that

planks have frequently been cut 160 feet long, twenty
inches broad, and six inches thick. The timber is stated

to be at the same time remarkable for its hardness and
durability.

This rapid growth renders the Eucalyptus an invalu-

able tree for planting in countries where deforesting has
been carried to so great an extent as to prejudicially

diniinish the rainfall ; and it has now been more or less suc-

cessfully cultivated for this purpose in France, Spain, Por-

tugal, Greece, Italy, Corsica, Algeria, Egypt, St. Helena,

Palestine, the uplands of India, Natal, other parts of
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South Africa, Cuba, and various parts of North and South
America. It has already been stated that it is not hardy
in this country, a temperature below the freezing point

—

or even in some cases a little above it—appearing to kill

it. Another useful quality of the tree is that, in conse-

quence of its deciduous bark, it is not attacked by para-

sites. Baron von Mueller, the director of the IJotanic

Gardens at Melbourne, states that the ashes of the wood
of this and of other species of Eucalyptus contain a very
large proportion of potash, in some cases as much as

twenty-one per cent.

The medicinal properties of the Eucalyptus globulus
are due to the presence, so common in trees and shrubs
belon<.nng to the Myrtace.t, of a volatile oil, in various
parts of the plant, but especially in the mature leaves.

This oil may readily be obtained by distillation with
water, is of a yellow colour when freshly distilled, and
resinifies by exposure to the air. Its principal constituent

was found by C'oez to be a colourless liquid boiling at

347° F,, which he regarded as analogous to camphor, and
to which he gave the name Eucalyptol ; more recent
investigations have shown this to be a mixture of two
substance";, a terpene and a cymol, the essential oil con-
taining other substances in addition to these. Older
statements that the leaves of Eucalyptus contain, besides
this essential oil, quinia or some other of the well-known
cinchona alkaloids, have been shown, by the researches of
Broughton, to be altogether without foundation.
The value of the leaves as a febrifuge, especially in

cases of intermittent fever, has been attested by many
medical practitioners, English, Italian, and French ; and
in Australia the leaves have long had a popular reputation
in the treatment of fevers. They are best administered
in the form of an alcoholic tincture, which is also useful
as a stimulant and antispasmodic. As an external dressing
for wounds it is stated by M. Gimbeit that the balsamic
nature of the leaves not only has a curative effect, but
removes all the unpleasant odour. The oil is also used
as a disinfectant and antisept'c.

But the point to which the most interest attaches in
connection with the Eucalyptus is its alleged anti-malarial
properties, in consequence of which it has been called the
"fever-destroying tree." On this subject Prof Bentley
says that " the evidence that has been adduced from
Australia, the native country of the tree, and from all

parts of the world where it has been introduced, and
which are favourable to its growth, in testmiony of its

anti-malarial properties, is so strong that, allowing for
exaggeration in some cases, it can scarcely be doubted
that this tree does produce a most beneficial effect by
destroying the fever-producing miasm of marshy districts :

and that it should consequently be introduced into all

countries and districts where the climatic influences are
favourable for its development, and where such miasmatic
emanations are to be found." Special interest attaches
to the introduction of the blue gum tree into Italy for this
purpose, and it is confidently hoped that by its means the
problem may at length be solved of destroying the
noxious malaria which has in recent times rendered the
level country round Rome so unhealthy in the summer
season. The chief difficulty is with the occasional frosts
to which Northern Italy is subject. Of a large number of
trees planted at one time by the Roman Railway
Company along the line from Rome to Naples, only
those in the neighbourhood of Naples survived the first

winter. It is possible, however, that if they became
established through a succession of mild winters, and
attained a good size, they might then be able to resist
slight fros's.

The mode in which the trees thus act in influencing the
climate is open to somewhat more controversy. The
popular idea is that the efficient cause is the odorous and
antiseptic emanations from the leaves. It is quite likely

that some influence is exerted in this way, but it seems

most probable that the chief effect produced is by the
action of the roots on the soil. This function of trees is

often greatly overlooked. The effect of the planting of
forests in decreasing the rainfall is frequently erroneously
stated to be due to the attractive force of the trees on the
moisture in the air, similar to that exerted by a range of

mountains ; but it is difficult to conceive that the small
mass of the entire foliage of a forest can exert any
appreciable influence in this direction. The mode in

which trees mainly act is by their roots arresting the
rainfall, which would otherwise escape by the natural
drainage of the country ; the combined forces of capil-

larity, osmose, and transpiration then cause the ascent
through the tissues of the tree of the water thus arrested,

and the larger portion is eventually given off into the air

through the stomata of the leaves. In this way a forest

tree w.ll in a very short time give off into the air

its own weight in water, which must eventually con-
dense, and be again deposited as rain or dew. It

is quite possible, however, that the effect of the planting

of trees may be apparently the reverse of this in

swampy countries where there is no natural drainage.

The water then accumulates in the soil ; and, if the
country is bare of timber-trees and the sun powerful, a
rapid decomposition takes place of the herbaceous vegeta-

tion, with the consequent emanation of malarial vapours.

The effect of the planting of trees under such conditions

will be to supply artificial drainage ; the accumulation of

water in the soil and the consequent noxious effluvia will

be diminished and finally prevented, and the atmosphere
will be rendered, if not drier, at all events more whole-
some. This is the mode in which it is hoped that the

malarial fevers of the Campagna may ultimately succumb
to the influence of the Eucalyptus. In no quarter of the

world have the beneficial effects of the planting of this

tree been more distinctly seen than in Algeria, where it

has been carried on to a considerable extent for some
years, mainly through the exertions of private individuals,

French and English, aided by the Government. All the

good things that have been said about it are there found
to have been realised. A. W. B.

MANTEGAZZA ON THE RELA TIVE LENGTHS
OF THE INDEX AND "KING" FINGERS

THE curious and suggestive researches made about two
years ago by Prof. Ecker, of Freiburg University, in

the Breisgau, into the comparative lengths of the index

and ring fingers, the results of which were embodied in

an article contributed to this journal (vol. xiii. p. 8),

entitled, " A new Palmistry," have, in the meantime,

been further followed out by Prof. Mantegazza, of

Florence.^

With the aid of another observer the Florentine pro-

fessor has made several hundred observations, almost all

upon Italians, the subjects being for the most part

Romans, Tuscans, and natives of Lombardy. The results

are classified in the following table :

—

Out of two har
than the
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In one hand the index 1

the other shorter or =
finger.
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Mr. R. S. Newalt., F.R.S., telegraphing to the Timi^s, from

the Observatory, Gateshead, last Thursday night, 'states that on

August 23, during the total eclipse of the moon, he observed

that Mars is surrounded by a whitish envelope, the diameter

being about twenty times that of the planet. He saw it again

on September 7, and again last night distinctly. It has a well-

defined edge, and is densest nearest to Mars. Small stars were

seen though it. It is easily visible, Mr. Newall states, in the

61 2-inch finder.

The regular proceedings of the Iron and Steel Institute com-

menced at Newcastle on Tuesday. According to the report of

the secretary the effective strength of the Institute is now close

on 1,000 members. After a discussion on two papers read at

the last London meeting Mr. Lowthian Bell, M.P., read a paper

on the separation of carbon, silicon, sulphur, or phosphorus in

the refining and puddling furnace and in the Bessemer con-

version. The afternoon was devoted to [visits and excursions, as

we announced last week.

Herr Bruijn's last expedition to New Guinea, which started

from Temate in January last, returned to that island on June

15, having accomplished good results. Examples of both sexes

of the wonderful new monotreme, TacJtyqlossiis hruijiiii, were

obtained in the mountains on the north coast of New Guinea at an

elevation of about 3,500 feet. Tlie expedition was commanded

by M. Leon Laglaize, a young French naturalist, who, with the

rich collections he has made, is expected to return to Paris by

the next French mail.

Mr. a. Boucard, the well-known naturalist and collector,

has just returned from a successful expedition to Costa Rica,

where he passed some four months at the commencement of the

year. Mr. Boucard has formed a good series of Costa Rican

birds, comprising examples of about 200 species. Amongst

these are several new to science. Mr. Boucard has also

obtained the female of the rare and little known Cotingine bird

described a short time ago by Mr. Salvin as Carpodecks nitidus.

Letters have been received from Mr. Everard F. im Thurm,

announcing his safe arrival at Georgetown, British Guiana, where

he has accepted an appointment as Curator of the British

Guiana Museum. Mr. im Thurm will shortly proceed upon an

expedition into the interior of the Colony to obtain specimens

for the collection under his charge.

We have received the Daily Programme of the meet-

ing of the American Association at Nashville. Judging

from the number of members registered and elected the

attendance must have been large, considering the almost

tropical heat that prevailed. Eighty-seven papers were entered

for reading, all of them on points of scientific importance.

Prof. Newcomb gave an evening lecture on the two im.

portant astronomical discoveries recently made in America,

viz., that of oxygen in the sun by Prof. Draper, and that

of the satellites of Mars by Prof. Hall. Prof. Pickering,

vice-president and president of Section A, was unable to be

present, but an address by him was read, in favour of the endow-

ment of research. He described what he thought would be a

suitable building and arrangements for a physical laboratory.

Prof. Pickering gave elaborate details of his project, and pointed

out the numerous advantages that might be expected to result

when those facilities were afforded to investigators. The plan

includes the appointment of a presiding officer and a staff of

assistants. From the reports in the local paper, the Daily

American, the meeting as a whole seems to have been well

managed and successful. Without doubt the prominent feature

of the meeting was Prof. Marsh's address on the Succession of

Vertebrate Life in America, which we are happy to be able to

print elsewhere,

The days of meeting of the third annual conference of the

Cryptogamic Society of Scotland, at Dunkeld, have been
changed to October 17, 18, and 19.

In the Scientific and Literary Revie^o for September, 1S77,

there is a notice of the Spined Soldier-bug as a newly-discm'ered

enemy to the Colorado beetle. In the "Fourth Annual Report

of the Noxious, Beneficial, and other Insects of the State of

Missouri (1872)," Mr. Riley speaks of this insect as "now so

well known for its efficiency in thinning out the ranks of our

potato pest." Mr. Riley also figures two other Hemiptera of

the family SatlcHcridiv as enemies to this beetle—the Ring-banded

Soldier-bug and the Dotted-legged Plant-bug [Eiiscliistus punc-
tipa).

News from Naples has been received announcing an increased

activity of Mount \'esuvius. The glow of fire in the crater is

so intense that it can be distinctly seen from Naples at night.

In our number for August 9 we briefly noticed the ascent

made by Mons. Wiener of the mountain lUimani, one of the

highest—if not the highest^of the Bolivian Andes, which forms

a noble object from the city of I.a Paz, and was formerly

reputed (on the authority of Mr. Pentland) to have an altitude

of no lesss than 24,200 feet. M. Wiener, liowever, makes its

height only 20, 1 12 feet, while Mr. Minchin, as we have already

observed, places its altitude at 21,224 f^^t- If tlie latter esti-

mate be correct, Mons. Wiener has, we believe, not only made
the highest ascent which has been made in the Andes, but has

attained a greater altitude than has hilheito been reached on the

earth out of Asia, and in Asia has only been beaten by Mr.

Johnson, who some years ago got to a height of 22,300 feet in

Cashmere. As' the recorded ascents to the height of 21,000

feet are extremely few, we shall be glad to hear further par-

ticulars respecting Mons. Wiener's exploit, and more especially

whether he experienced much exh.-iusdon through the rarefaction

of the air. Practised mountaineers who have climbed to a

height of 17,000 to 18,000 feet have been of opinion that even

at such altitudes there is a very important and perceptible dimi-

nution of the bodily powers, and think it probable that the

height of 25,000 or 26,000 feet will be found to be about the

limit which will ever be reached on foot. As a set-off to this

opinion we'may mention the facts that hunters in the Himalayas

frequently pursue their game at heights exceeding 20,000 feet

without experiencing any notable inconvenience from the low

barometric pressure, and that natives living on the base of

Demavend, near Teheran, often ascend to its summit to gather

sulphur from its crater without any great difficulty. The height

of this mountain, there is reason to believe, also exceeds 20,000

feet, although it has never been accurately determined. If,

therefore, severe work can be done with impunity at such ele-

vations, it seems not unreasonable to suppose that much greater

heights might be attained by men who had previously accus

tomed themselves to life at high altitudes. Aeronauts, anyhow,

have proved that life can exist at 30,000 feet above the level of

the sea, and that at 25,000 feet, and upwards, one may positively

be comfortable if sufficiently warmly clad. That such is the case

is sufficiently remarkable, for "travellers in the air" have to

sustain incomparably more rapid variations of pressure and tem-

perature than'mountain-climbers. Mr. Glaisher, on his memo-
rable ascent on September 5, 1S62, left the earth at I p.m., and

in less than an hour shot up to a height of 30,000 feet. At
starting the temperature of the air was 59°, and at its greatest

altitude it was sixty-one degrees lower ! Mountaineers expe-

rience no such extreme variations as these. They rarely ascend

more rapidly th.an 1,000 feet per hour, never so much as 15,000

feet in a day, and become to some' extent acclimatised as they

progress upwards. On the whole we are inclined to think that
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man will not rest until he has at least attempted to reach the

loftiest summits on the earth, though we will venture to assert

that it will be long before anyone crushes down the snow on the

summit of Mount Everest.

Since we last noticed the progress of the great Government

Map of Switzerland several further instalments of it have been

issued. In all 108 sheets have been published out of the 540

which will compose the map. Amongst the more recently-

published sheets the following will especially be found useful by

English travellers in Switzerland:—La Chaux de Fonds, Thun,

Engelberg, Wassen (embracing the Titlis cistrict), Guttanen

(with the basin of the Gauli glacier), and St. Mauritz (giving

the country round Pontresina) . The whole of the sheets as yet

published are most admirably drawn, and reflect the highest

credit on those who have been concerned in their production
;

and the celerity with which they are issued makes us desire that

a little more life could be infused into our own topographical

departments.

Pbtermann's MiHheilun«en for October will contain a long

paper, embodying the results of considerable research, on the

German and Latin Elements among the Population of the South

Tyrol and Venetia. A new map of a large portion of Costa

Rica will show the results of the surveys of Gabb, Collins, and

Martinez. A letter from Dr. Schweinturth describes his journey

through the Arabian Desert of Egypt, from Heluan to Keneh,

between March 28 and May iS ol this year. He has obtained,

besides important topographical data, much valuable information

as to the geological and botanical conditions of the region.

There is on view at present at the Alexandra Palace an

interesting collection of fourteen Nubians with a number of

animals, comprising six ostriches, six giraffes, five elephants,

twenty-one racing dromedaries, three rhinoceroses, two hunting

dogs, two Abyssinian spotted donkeys, four buffaloes, two zebus,

monkeys, &c. Some specimens of Cynocephalus gdada, which

are said to live from 7,000 feet to 11,000 feet high in the

Abyssinian hills are expected to follow. The European who
organised and accompanied the caravan for Messrs. Rice and

Plagenbeck, says that the men from the different tribes speak

different patois, so that he very often cannot understand them,

and they cannot unlerstand one another. The different districts

in which the various animals were captured does not, therefore,

seem to be known to the present owners. As to the men, they

have been interrogated as to their ages and the tribes to which

they belong. There are four Hadendoes aged fifteen, twenty-

three, twenty-three, and twenty-five. The characteristic manne''

of dressing the hair is well seen in the three men, but the lad

does not seem to have adopted yet the artificial arrange-

ment. They are all tall, fine men. There are two Hallengas

from Cassala, aged twenty-two and twenty-four. The general

style of trimming the hair is much the same as of the Hadendoes,

but the "fringe" is much longer and stands away from the

head more. There are three of the Beni-Amer tribe, one of

whom, aged twenty-four, having fallen ill in Paris, had his hair

cut off; the "old man," aged thirty-two, wears a close white

cap, and he alone of the party can read and write ; while the

third retains his hair in its original state. Of the remaining six

men of the fourteen each represents a different tribe, and they

all differ in appearance and style of hair arrangement from those

tribes already mentioned. There is a Djaalein, aged twenty-

six ; a Homran, aged nineteen, who has the three rhinoceroses

under his special care, and which follow him and lick his

hand like pet lambs ; a man, aged twenty-seven, from Amara,
near Suakim ; and a Takrouri, twenty- five, who has twice been

to Mecca, the only one of the party who has ; and the Bara

"boy," who claims to be twenty-one. He has the negro hair

and lips, and a very contented look. All the men seem happy,

and sing, laugh, smoke, and go through the mimic war, dromedary

racing, and their representation of crossing the desert with great

delight.

In a letter to yesterday's Times Mr. Henry Jeula, of Lloyd's,

gives some interesting data to show thit there is probably some

connection between sunspots and the number of wrecks posted

each year on Lloyd's Loss Book. His data are for two complete

cycles of eleven years, 1855-1S76, and the results Mr. Jeula has

worked out along with Dr. Hunter. Dividing the eleven years

as nearly as the number will allow, into three parts, and taking

the percentages of losses posted, Mr. Jeula finds a coincident

minimum period of four years at the extremities of the cycle, a

maximum period of three years in the centre of the cycle, and

an intermediate period of the four years lying between the maxi-

mum and minimum periods. Mr. Jeula expresses the hope that

the great practical importance of the theory of the connection

between sunspots and weather will lead to a full and exhaustive

examination of all the evidence bearing upon it.

The exhibition of the Photographic Society of Great Britain

will be opened by a conversazione on Tuesday evening, October

9, at 5, Pall Mall, East

In a paper presented recently to the philosophical faculty at

Heidelberg University, Herr Richard Boernstein has puMished

his investigations on the influence of light upon the electric resist-

ance of metals. Mr. Willoughby Smith had found that the

electric resistance of selenium, and in a much smaller degree that

of tellurium also, decreases under the influence of light. Herr

Boernstein has now made the interesting discovery that this pro-

perty also belongs to platinum, gold, and silver, most probably

to all metals, in fact. The electric current, according to Herr

Boernstein, diminishes the electric conducting power, as well

as the sensitiveness towards light, of its conductor, but after

cessation of the current, both gradually return to their former

values.

Rock crystal seems to be growing more and more in favour

amongst technical men on account of the stability of its physical

properties. At the August meeting of the Bonn Society of

Naturalists it was reported that the directors of the Imperial

Mint of Germany have recently ordered of Herr Stern, at

Oberstein, several absolutely correct normal weights made of rock

crystal, which are to be used for the control of gold coins. These

weights have the great advantage that it is unnecessary to

aetermine the specific gravity of every weight, and in the case of

measures to find the thermal co-efficient of expansion of every

measure, as both are as near constant as possible. They have

been found the same in all the specimens of rock crystal yet

examined, viz., specific gravity at 0° C. = 2,6506 (reduced to

water at 4°C.); coefficient of expansion for 1° C, parallel to

the axis, 0'000OO75O inch, i.e., seventy-five ten-millionths of

an inch.

At the same meeting Prof, vom Rath read a report from Dr.

Th. Wolf, the state geologist to the South American republic

of Ecuador, on the province of Esmeraldas (the norttiernmost

province of the republic), and on the rain of ashes which,

coming from the north-east, i.e., hoxa. the volcanic interior,

fell along the whole littorale of Guayaquil between June 26

and June 30. Dr. Wolf, after giving a general geological

description of Esmeraldas (in the auriferous sands of which

he discovered platinum), adds the following general remarks :

—

Of all provinces of Ecuador Esmeraldas is the most uniform in

its relief and geological structure. It reaches from the coast of

the Pacific to the foot of the Andes. A great part of the pro-

vince is quite flat, particularly in the north ; another part is

traversed by low mountains, the highest points of which scarcely

reach 500 or 600 meters ; the average height of the UHs, how-

ever, is only 50-70 meters. The province is a magnificent
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country, and especially rich in the finest timber and many other

vegetable products — none utilised. The only article which

finds its way abroad is caoutchouc, and enormous quantities of

this have been exported duiing the last ten years, but the export

begins gradually to decrease, since the workmen, instead of only

tapping the trees, destroy them completely. The province is

inhabited by a population of only 10,000 natives, who live along

the coast. The whole of the interior is covered by one gigantic

virgin forest, and accessible only in canoes upon the rivers. Of

the three months of my journey I spent more than two in canoes,

which are rather small and hardly comfortable, or adapted for a

travelling naturalist ; the last twenty-three days I spent unin-

terruptedly in a canoe on the Esmeraldas River and its tribu-

taries. The rivers are very rapid and not without dangers

;

but then my journey was made during the middle of the

rainy season, when the rivers are very much swollen. On the

Cayapas River I made the acquaintance of the wild Cayapas

Indians, a very interesting tribe with a language and customs of

then- own. They keep in perfect isolation from other tribes,

living in forests, hunting and fishing, going almost naked, and

painting their bodies ; on the whole they are very harmless, and

may be some 2,000 in number."

In the Nachrichten %'on der Cesellschuft der IVissenschafkn zu

Golliiii;eii, Herr Edmund Hoppe gives an account of some

experiments he made with a view to determine the resiscance

offered by flames to the galvanic current. He arrived at the

following results : (i) In each flame the greater galvanic con-

ducting power depends on the greater heat and the greater

quantity of burning gas. (2) With different .flames the con-

ducting power depends on the burning substances ; the salts o'

potassium, sodium, barium, strontium, lithium, thallium, and

copper in particular increase greatly the conducting power of

the hydrogen flame. (3) Ohm's law applies perfectly to flames.

The additions to the Zoological Society's Gardens during the

past week include a Macaque Monkey {Macacus cynomolgus)

from India, presented by Mr. A. S. Percival ; an Osprey {Pandion

haliacliis) from Yorkshire, presented by Mr. W. H. S. Quintin ; a

Common Hangnest (Icterus vulgaris) from South America, pre-

sented by Mr. Hamilton Dunlop ; a West African Python

{Python Slice) from West Africa, presented by Mr. Francis

Lovell ; two Guilding's hm^acions {Chrysotis guiUlingi) liom St.

Vincent, a Violet Tanager {Eiip/witia violaced), a Yellow-winged

Blue Creeper (Cmrd'a cyaiiea), a Common Boa (Boa constrictor)

from South America, deposited ; three Capybaras (Hydrocharns

capybara) from South America, purchased.

INTRODUCTION AND SUCCESSION OF
VERTEBRATE LIFE IN AMERICA •

'T'HE origin of life, and the order of succession in which its

-' various forms have appeared upon the earth, off'er to science

its most inviting and most difficult field of research. Although

the primal origin of life is unknown, and may perhaps never be

known, yet no one has a right to say how much of the mystery

now surrounding it science cannot remove. It is certainly within

the domain of science to determine when the earth was first fitted

to receive life, and in what form the earliest life began. To trace

that life in its manifold changes through past ages to the present

is a more difficult task, but one from which modern science does

not shrink. In this wide field every earnest elTort will meet
some degree of success ; every year will add new and important

facts ; and every generation will bring to light some law, in

accordance with which ancient life has been changed into life as

we see it around us to-day. That such a development has t.aken

place no one will doubt who has carefully traced any single group

of animals through its past history, as recorded in the crust of

the earth. The evidence will be especially conclusive if the

group selected belongs to the higher forms of life, which are

' Lecture delivered at the Nashville meeting of the American Association,

August 30,

sensitive to every change in their surroundings. But I am sure

I need offer here no argument for evolution ; since to doubt
evolution to-day is to doubt science, and science is only another

name for truth.

Taking, then, evolution as a key to the mysteries of past life

on the earth, I invite your attention to the subject I have

chosen: The Introduction and Succession of Vertebrate Life

in America.
In the brief hour allotted to me I could hardly hope to give

more than a very incomplete sketch of what is now known on
this subject. I shall therefore pass rapidly over the lower

groups, and speak more particularly of the higher vertebrates,

which have an especial interest to us all, in so far as they ap-

proach man in structure, and thus indicate his probable origin.

The^e higher vertebrates, moreover, are most important witnesses

of the p.ast, since their superior organisation made them ready

victims to slight climatic changes, which would otherwise have
remained unrecorded.

In considering the ancient life of America it is important to

bear in mind that I can only offer you a brief record of a few

of the countless forms that once occupied this continent. The
review I can bring before you will not be like that of a great

army, when regiment after regiment with full ranks moves by
in orderly succession, until the entire ho5t has passed. My
review must be more like the roll-call after a battle, when only

a few scarred and crippled veterans remain to answer to their

names. Or rather, it must resemble an array of relics, dug
from the field of some old Trojan combat, long after the contest,

when no survivor remains to tell the tale of the strife. From
such an ancient battle-field a Schliemanii might unearth together

the bronze shield, lance-head, and gilded helmet of a prehistoric

leader, and learn from them with certainty his race and rank.

Perliaps the skull might still retain the b.arbaric stone weapon
by which his northern foe had slain him. Near by the explorer

might bring to light the commingled coat of mail and trappings

of a horse and rider, so strangely different from the equipment
of the chief, as to suggest a foreign ally. From these, and
from the more common implements of war that fill the soil, the

antiquary could determine, by patient study, what nations

fought, and perhaps when and why.
By this same method of research the more ancient strata of

the earth have been explored, and in our western wilds, veritable

battle-fields, strewn with the fossil skeletons of the slain, and
guarded faithfully by savage superstition, have been despoiled,

yielding to science treasures more r.ire than bronze or gold.

Without such spoils, from many fields, I could not have chosen

the present theme for my address to-night.

According to present knowledge, no vertebrate life is known
to have existed on this continent in the Archrean, Cambrian, or

Silurian periods yet during this time more than half of the

thickness of American stratified rocks was deposited. It by no
means follows that vertebrate animals of some kind did not exist

here in those remote ages. Fishes are known from the upper
Silurian of Europe, and there is every probability that they will

yet be discovered in our strata of the same age, if not at a still

lower horizon.

In the shore deposits of the early Devonian sea, known as the

Schoharie grit, characteristic remains of fishes were preserved,

and in the deeper sea that followed, in which the corniferous

limestone was laid down, this ckass was well represented.

During the remainder of the Devonian fishes continue abundant
in the shallower seas, and, so far as now known, were the only

type of vertebrate life. These fishes were mainly ganoids, a

group represented in our present waters by the gar-pike {Lcpi-

dostcus) and sturgeon (Acipenser), but, in the Devonian sea,

chiefiy by the placoderms, the exact aflinifies of which are soifie-

what in doubt. With these were elasmobranchs, or the shark

tribe, and among them a few chim.\.'roids, a peculiar type, of

which one or two members still survive. The placoderms were
the monarchs of the ocean. All were well protected by a
massive coat of armour, and some of them attained huge dimen-
sions. 1"he American Devonian fishes now known are not as

numerous .as those of Europe, but they were larger in size, and
mostly inhabitants of the open sea. Some twenty genera and
forty species have been described.

The more important genera of placoderms are Dinichthys,

Aspidichthys, and Diplognathus, our largest palaeozoic fishes.

Others are, Acant/iaspts, AcanthoUpis, Coccostens, jMacropeta-

lichthys, and Oiiyc/iodus. Among the elasmobranchs were,

Cladodiis, CtenacanthuSf Alac/iuracanthus^ RhynchodtiSf and
Ptyctodiis, the last two being regarded as chimeroids. In the
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Chemung epoch the great dipterian family was introduced with
Diflcriis, Heliodiis, and possibly Ceratodus. Species of the
European genera, Bothriolepis and Holoptychuis, have likewise

been found in our Devonian deposits.

With the close of the Devonian came the almoct total extinction

of the great group of placoderms, while the elasmobranchs,
which had hitherto occupied a subordinate position, increase in

numbers and size, and appear to be represented by sharks, rays,

and chimeras. Among the members of this group from the

carboniferous were numerous cestracionts, species of Cocltliodiis

of large size, with others of the genera Deltodus, Ilelodus,

Psammodiu, and Sandalodiis. Of the Petalodonts there were
AntUodtis, Chomatodiis, Ctenoplychius, Petalodus, and Pelalo-

rhyiichus ; and of the hybodonts, the genera Cladcdus, Cair/ia-

ropiu, and Diplodus. These elasmobranchs were the rulers of

the carboniferous open sea, and more than one hundred species

have been found in the lower part of this formation alone. The
ganoids, although still abundant, were of smaller size, and
denizens of the more shallow and confined waters. The latter

group of fishes was represented by true lepidostid.-e, of the
genera PahTonisnis, AmMyptci lis, Platysomus, and Eiirylepis.

Other genera are, Rliizodiis, Megalichtliys, Ctaiodus, Edcstus,
Orodiis, Ctenacaiitkns, Gyracanthus, and CiHacanthus. Most of
these genera occur also in Europe.
From the permian rocks of America no vertebrate remains ore

known, although in the same formation of Europe ganoids are

abundant, and with them are remains of sharks, and some other
fishes, the affinities of which are doubtful. The pal.Tozoic fishes

at present known from this country are quite as numerous as

those found in Europe.
In the mesozoic age the fishes of America begin to show a

decided approach to those of our present waters. From the
triassic rocks ganoids only are known, and they are all more or

less closely related to the modern gar-pike, or Lepidostcus. They
are of small size, and the number of individuals preserved is very
large. The characteristic genera are Catopterus, Ischypterns, Ply-

choUpis, Rhabdolepis, and Tufieodits, From the Jurassic deposits

no remains of fishes are known, but in the cretaceous ichthyic life

assumed many and various forms ; and the first representatives of

the teleosts, or bony fishes, the characteristic fishes of to-day,

make their appearance. In the deep open sea of this age elas-

mobranchs were the prevailing forms, sharks, and chimreroids

being most numerous. In the great inland cretaceous sea of

North America true osseous fishes were most abundant, and
among them were some of carnivorous habits and immense
size. The more sheltered bays and rivers were shared by ihe

ganoids and teleosts, as their remains testify. The more com-
mon genera of cretaceous elasmobranchs were Olodiis, Oxyrhina,
Cahocerdo, Lamua, and Plychodiis. Among the osseous fishes,

Bc'ryXy pjichodus, Portheus and Sauroccphalns were especially

common, while the most important genus of ganoids was
Lepidotus.

The tertiary fishes are nearly all of modern types, and from the
beginning of this period there was comparatively little change.

In the marine beds sharks, rays, and chim^eroids maintained
their supremacy, although teleosts were abundant, and many of

them of large size. The ganoids were comparatively few in

number. In the earliest eocene fresh-water deposits it is inter-

esting to find that the modern gar-pike, and Aiiiia, the dog-fish

of our western lakes, whicli by their structure are seen to be
remnants of a very early type, are well represented by species so

closely allied to them that only an anatomist could separate the

ancient from the modern. In the succeeding beds these fishes are

still abundant, and with them are siluroids nearly related to the

modem cat-fish [Pimdodiis). Many small fishes allied apparently

to the modern herrirg (Cliipca), left their remains in great

numbers in the same deposits, and with them has been recently

found a land-locked ray (Hdiobatis).

The almost total absence of remains of fishes from the miocene
lake-basins of the west is a remarkable fact, and perhaps may
best be explained by the theory that these inland waters, like

many of the smaller lakes in the same region to-day, were so

impregnated with mineral matters as to render the existence of

vertebrate hfe in them impossible. No one who has tasted such

waters or has attempted to ford one of the modem alkaline lakes

whicli are often met with on the present surface of the same
deposits, will doubt the efficiency of this cause, or the easy

entombment of the higher vertebrates that ventured within

their borders. In the pliocene lake-basins of the same region

remains of fishes were not uncommon, and in some of them are

veiy numerous. These are all of modern types and most of them

are cyprinoids related to the modem carp. The post-pliocene
fishes are essentially those of to-day.

In this brief synopsis of the past ichthyic life of this continent
I have mentioned only a few of the more important facts, but suffi-

cient, I trust, to give an outline of its history. Of this history
it is evident that we have as yet only a very imperfect record. We
have seen that the earliest remains of fishes known in this country
are from the lower Devonian ; but these old fishes show so great a
diversity of form and structure a<: to clearly indicate for the class

a much earlier origin. In this eo inection we must bear in mind
that the two lowest groups of existing fishes are entirely without
osseous skeletons, and hence, however abundant, would leave
no permanent record in the deposits in which remains of fishes

are usually preserved. It is safe to infer from the know-
ledge which we now possess of the simpler forms of life,

that even more of the early fishes were cartilaginous, or so

destitute of hard parts as to leave no enduring traces of
their existence. Without positive knowledge of such forms,
and considering the great diversity of those we have, it

would seem a hopeless task at present to attempt to trace
successfully the genealogy of this class. One line, however,
appears to be direct, from our modern gar-pike, through the
lower eocene Lepidosteus to the Lipidotus of the cretaceous, and
perhaps on through the triassic Ischypteins and carboniferous
l^ahconiscus ; but beyond this, in our rocks, it is lost. The
living chimaera of our Pacific coast has nearly allied forms in the
tertiary and cretaceous, more distant relatives in the carboniferous,

and a possible ancestor in the Devonian Rhynchodiis. Our
sharks likewise can be traced with some certainty back to tlie

palaeozoic ; and even IheLtpidcsircii, of South America, although
its immediate predecessors are unknown, has some peculiar cha-
racters which strongly point to a Devonian ancestry. These
suggestive lines indicate a rich field for investigation in the ancient
life-history of American fishes.

The amphibians, the next higher class of vertebrates, are so
closely related to the fishes in structure, that some peculiar foi ms
of the latter have been considered by anatomists as belonging to

this group. The earliest evidence of amphibian existence, on
this continent, is in the sub-carboniterous, where foot-prints have
been found which were probably made by labyrinthodonts, the

most ancient representatives of the class. Well preserved remains
are abundant in the coal-measures, and show that the labyrintho-

donts differed in important particulars from all modern amphi-
bians, the group which includes our frogs and salamanders.
Some of these ancient animals resembled a salamander in shape,
while others were serpent-like in form. None of those yet dis-

covered were frog-like, or without a tail, although the restored
labyrinthodont of the text-books is thus represented. All were
protected by large pectoral bony plates, and an armour of small
scutes on the ventral surface of the body. The walls of their

teeth were more or less folded, whence the name labyrinthodont.
The American amphibians known from osseous remains are all

of moderate size, but the foot-prints attributed to this group
indicate animals larger than any of the class yet found in the Old
World. The carboniferous amphibians were abundant in the
swampy tropical forests of that period, and their remains have
been found imbedded in the coal then deposited, as well as in

hollow stumps of the trees left standing.

The principal genera of this group from American carboniferous
rocks, are, Sam-opus, known only from foot-prints, Baphelcs,
Doidrirpitoii, Hylonomus, Ilyhrpetoii, Raniccps, Pelion, Lepto-
phractus, Molgopkis, Plyonins, Amphihanius, Cocylinus, and
Ceraterpeton. The last genus occurs also in Europe. Certain
of these genera have been considered by some writers to be more
nearly related to the lizards {Laccrtilia) among true reptiles.

Some other genera known from fragmentary remains or foot-

prints in this formation have likewise been referred to the true

reptiles, but this question can perhaps be settled only by future

discoveries.

No amphibia are known from American permian strata, but
in the triassic, a few characteristic remains have been found.

The three genera, Diciyoccphahis, Dispdor, and Pariostepis, have
been described, but, although apparently all labyrinthodonts, the

remains preserved are not sufficient to add much to our know-
ledge of the group. The triassic foot-prints which have been
attributed to amphibians are still more unsatisfactory, and at

present no important conclusions in regard to this class can be
based upon them. From the Jurassic and cretaceous beds of

this continent, no remains of amphibians are known. A few
only have been found in the tertiary, and these are all of modern
types.
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The amphibia are so nearly allied to the ganoid fishes, that we
can hardly doubt their descent from some member of that group.

With our present limited knowledge of the extinct forms, how-
ever, it would be unprofitable to attempt to trace in detail their

probable genealogy.

The authors to whom especial credit is due for our knowledge
of American fossil fishes and amphibians, are Newberry, Leidy,

Cope, Dawson, Agassiz, St. John, Gibbes, Wyman, Red field,

and Emmons, ,ind the principal literature of the subject will be
found in their publications.

Reptiles and birds form the next great division of vertebrates,

the sauropsida, and of these *he reptiles are the older type, and
may be first considered. While it may be stated with certainty

that there is at present no evidence of tlie existence of this group
in American rocks older than the carboniferous, there is some
doubt in regarii to their appearance even in this period. Various
foot-prints which strongly resemble those made by lizards, a few
well preserved remains similar to the corresponding bones in that

group, and a few characteristic specimens, nearly identical with
those from another order of this class, are known from American
coal measures. These facts, and some others which point in the

same direction, render it probable that we may soon have
conclusive evidence of the presence of true reptiles in this for-

mation, and in our overlying perinian, which is essentially a part

of the same series. In the permian rocks of Europe, true reptiles

have been found.

The mesozoic period has been called the age of reptiles, and
during its continuance some of the strangest forms of reptilian

life made their appearance, and became extinct. Near its com-
mencement, while the triassic shales and sandstones were being
deposited, true reptiles were abundant. Among the most
characteristic remains discovered are those of the genus Belodon,
which is well known also in the trias of Europe. It belongs to

the thecodont division of reptdes, which have teeth in distinct

sockets, and its neare-t affinities are with the crocodilia, of which
order it may be considered the oldest known representative. In
the same strata in which the belodonts occur, remains of dinosaurs
are found, and it is a most interesting fact that these highest of
reptiles should make their appearance, even in a generalised

form, at this stage of the earth's history. The dinosaurs, although
true reptiles in all their more important characters, show certain

well marked points of resemblance to existing birds of the order
Ratitce, a gioup which includes the ostriches ; and it is not im-
probable that they were the parent stock from which birds
originated.

During triassic time, the dinosaurs attained in America an
enormous development both in variety of forms and in size.

Although comparatively few of their bones have as yet been
discovered in the rocks of this country, they have left unmistak-
able evidence of their presence in the loot-prints and other
impressions upon the shores of the waters which they frequented.
The triassic sandstone of the Connecticut Valley has long been
famous for its fossil foot-prints, especially the so-called "bird-
tracks," which are generally supposed to have been made by
birds, the tracks of which many of them closely resemble. A
careful investigation, however, of nearly all the specimens yet
discovered, has convinced me that there is not a particle of
evidence that any of these fossil impressions were made by birds.

Most of these three-toed tracks were certainly not made by birds ;

but by quadrupeds, which usually walked upon their hind feet

alone, and only occasionally put to the ground their smaller
anterior exiremities. I have myself detected the impressions of
these anterior limbs in connection with the posterior foot-prints

of nearly all the supposed "bird-tracks" described, and have
little doubt that they will eventually be found with all. These
double impressions are precisely the kind which dinosaurian
reptiles would make, and as the only characteristic bones yet
found in the same rocks belong to animals of this group, it is

but fair to attribute all these foot-prints to dinosaurs, even
where no impressions of fore-feet have been detected, until some
evidence appears that they were made by birds. I have no
doubt that birds existed at this time, although at present the
proof is wanting.

The principal genera of triassic reptiles known from osseous
remains in this country are, Amphisaiirus [Megadactylu^), from
the Connecticut Valley, Bathy^nathits, from Prince Ei (ward's
Island, Bc/oJon and Ciepsysaiinis. Other generic names which
have been applied to foot-prints and to fragmentary remains,
need not be here enumerated. A few remains of reptiles have
been found in undoubted Jurassic rocks' of America, but they
are not sufficiently well determined to be of service in this

connection. Others have been reported from supposed Jurassic
strata, which are now known to be cretaceous. It will thus be
seen that, although reptilian life was especially abundant during
the triassic and Jurassic periods, but few bones have been found.
This is owing in part to the character of most of the rocks then
formed, which were not well fitted for preserving such remains,
although admirably adapted to retain foot-prints.

( To be conlinued.

)

ON NOCTURNAL INCREASE OF TEMPERA-
TURE WITH ELEVATION^

'TWILL the year 1862, when my first experiments were made
-* by the use of the balloon, our knowledge of the tem-
perature of the air was almost entirely confined to within
four or five feet of the earth's surface, and the theory that the
temperature was always lower at high elevations, and that the
decrease of temperature with increase of elevation was at the
rate of 1° Fahrenheit for every 300 feet of elevation, was gene-
rally received and acted upon. These theories were found not to
be at all times true, and the assumption of the decrease of 1° of
temperature in every increase of 300 feet ) ; elevation was proved
to be erroneous in every balloon ascent I nave made ; in some a
decrease of 1° and more than 1° was experienced within too feet,

and there is no doubt that, considering °the quickness of motion
on leaving the earth, the decrease at such times was really 2° or
3°, or more, within the space of 100 feet.

In some of the accents a difference of 10° was met with within
1,000 feet of the earth, whilst in others but little or no difference

was experienced even to heights exceeding 1,000 feet.

Towards the end of my iSalloon experiments it was evident
that a very large number more were necessary, and in my last

report I said :

—

From all the experiments made it would seem that the decrease
of temperature with increase of elevation is variable throughout
the day, and variable in different seasons of the year ; that at
about sunset the temperature varies but very little for a height of
2,000 feet ; that at night with a clear sky the temperature in-

creases with elevation ; that at night with a cloudy sky there
was a small increase of temperature as the height increased

;

that in the double ascent of May 29, 1866, the one just before
and the other after sunset, it would seem that after radiation

from the earth began, the heat passes upwards till arrested where
the air is saturated with vapour, when a heat greater by 5° was
experienced after sunset than at the same elevation before sunset.

This was the state of our knowledge when M. Giffard most
kindly placed the great " Captive " balloon, located at Ashburn-
ham Park, Chelsea, near London, at my disposal for a series of
experiments.

This balloon could ascend to the height of 2,000 feet on a
calm day ; its rate of ascension could be regulated at will ; it

could be kept stationary at any elevation, and experiments could
be repeated several times in the day.

On two different days I ascended nine times on each day

;

there was a decrease of temperature with increase of elevation
at every ascent, but, different in amount at every hour, being less

and less as the day advanced towards sunset. The results of the
experiments are shown in the following table, showing the
amount of decrease of temperature per 100 feet of elevation, at
different hours of the day with a clear sky, and a cloudy sky, as
found by experiments with M. Giffard's captive balloon.

Heiglit above
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This series of experiments proved that which was only indi-

cated in the ascents with a free balloon, viz., that the change of

temperature with increase of elevation has a diurnal range,

the change being the greatest at about midday and the early

afternoon hours, decreasing till about sunset, at which time,

when the sky was free from clouds, there was little or no change

of temperature up to the height of several hundred feet. I was

not able, by means of M. Giflard's balloon, to take any obser-

vations at about noon and early afternoon hours, nor any obser-

vations after sunset, as the balloon never ascended at these

times ; but such observations were greatly needed, as there

seemed to be at this time a very high probability that the tem-

perature of the air at night must increase with elevation.

A thermometer was placed at the height of 22 feet, sufficiently

protected from the effects of radiation, and a second one at the

height of 4 feet, and eleven years' observations of these

instruments have been taken daily at 9 A.M. ; noon; 3 p.m.
;

and 9 P.M.

These observations were reduced by taking the difference

between the readings of the two thermometers and affixing the

sign + to that difference when the temperature was higher at

the higher elevation ; and the sign — when lower. By taking

the mean differences for each month between the temperatures at

22 feet and 4 feet, it was found that at all hours of the day
during the months of January, February, November, and
December, in the afternoon hours of March, September, and
October, and night hours throughout the year, the sign was +
and that it was - at all other times, clearly indicating the fact

of an increase of temperature with increase of elevation during

the night hours throughout the year.

THE HEAT PHENOMENA ACCOMPANYING
MUSCULAR ACTION

'T'HE fact that in the living muscle heat always appears when
•* the muscle does work (Heidenhain having shown that of

two muscles equally weighted and undergoing equal contractions,

one doing external work, while the other does none, the former

gives out more heat than the latter), is an exception to the

general rule in mechanics, that heat disappears when work is

done. It is not, however, in contradiction to the general

principle of the conservation of energy, but shows that in the

living muscle, when stimulated to action, molecular processes

occur,' which, along with the doing of work, cause a development
of heat. The relation of the heat developed to the work done
had not been determined vritb any satisfactory accuracy, probably
owing to the want of sufiiciently delicate apparatus, though
it might naturally be expected to help to an understanding
of the phenomena. The subject has been taken up by M.
Nawalichin, who, favoured by the experimental means at hand
in M. Heidenhain's Physiological Institute, made a careful

examination of the development of heat in the active muscle.

The experiments were very difficult and tedious, and by reason

of the smallness of the values to be measured, required very

great foresight and care in the experimental arrangements. The
full account of this investigation is given in PJliigcr's Archiv.

The first series of experiments bore on the question of the

production of heat when a particular muscle of the frog is

excited, through the nerve, by stimuli of increasing strength to

increasing contractions. As, during the experiments, the

excitability of the preparation varies, the relation to the strength

of stimulus was left out of account, and only the ratio between
development of heat and height of contraction examined. The
height of contraction was indicated graphically by the muscle
itself on a smoke-blackened plate. The development of heat

was measured by the deflection of a fine thermo-multiplier, and
the stimulation of the nerve was effected by accurately measurable
electric actions. The observations were only made when the

needle was entirely at rest, which was very difficult to secure, so

sensitive was the apparatus.

The tabulated numbers from experiment show : (l) that the

sum of the tw vira, liberated in the muscle by increasing

stimuli, increases only so long as the lifting-heights (Hiibhohen)

increase. With a certain amount of stimulus when produced by
the sending of a constant current, the height of contraction

reaches a maximum, and therewith, too, the production of heat.

With a particular method of stimulation there is, under certain

conditions, a fresh increase of the amount of contraction above
the maximum amount, the so-called " supermaximal " contrac-

tion ; where this occurred, the heat-production also rose. It

may therefore be said that in general the development of heat
increases with increased 'lifting-height, and decreases with
decreased lifting-height.

The increase in heat-production, however, does not take place
proportionally to the increase in lifting- height, but in much
quicker ratio. Of this unexpected result M. Nawalichin assured
himself by repeated discussion of the numerical values obtained

;

Ijut he did not succeed in determining more precisely the law of
increase.

This result led to the expectation that the same mechanical
work of a muscle would be accompanied by unequal heating
when the muscle raised a weight to the same height by several

small contractions, and when it raised it by one great contrac-
tion. In a great contraction more heat would become free than
in several small ones, the sum of which was equal to the great.

Experiments (though some were difficult) fully confirmed this,

especially after it was ascertained that the cooling during the
longer period of the several smaller contractions as against the

shorter duration of the great contraction, did not play a part.

It is shown, then, that as the stimulation increases, the tem-
perature of the muscle, and accordingly the exchange of material,

increase in much quicker ratio than the n echanical work, and
that the stronger the stimulation the less favourable is the relation

of the exchange of material to the doing of work.
These facts are in accordance, as M. Nawalichin points out,

with the common experience that the climbing of a hill is much
less heating and exhausting when we go zigzag than when we go
straight up. In the former case a greater number of small liftings

of the body result in the same doing of work as occurs in the

second case through a smaller number of great liftings. The
exchange of material, as the second series of experiments show,
must essentially be greater in the second case than in the first

;

and on the amount of it depends, on the one hand, the develop-
ment of heat, on the other the exhaustion.

In order to get at the inner connection of the phenomena
observed, M. Nawalichin sought first to decide the question
whether the accelerated increase in production of heat was due to

the increase of the stimulus in itself or to the increase of the con-
traction produced by the increased stimulation. According to

Helmholtz's observations, whetj a muscle is subjected to two
maximum stimuli, one following close on the other, the second
stimulus produces an increase of contraction only when, at com-
mencement of the second contraction, the first has already

reached a considerable height. If this be not the case, as

happens if the interval of the two stimuli be less than ^juth of
a second, the two stimulations produce no greater contraction

than each alone. Now in what way does the production of heat

occur in this latter case ? Experiment showed that also with
double stimulation of the nerve, an increase of the heat-develop-

ment only occurred when it had as result an increase in the

height of contraction ; the increase of the stimulus in itself is

thus without influence on the amount of heat-production. Hence
the cause of the quicker increase of the heat-production. That
of the amomit of contraction must be sought in conditions

operative durmg the course of the contraction.

To determine these conditions the author made experimental
inquiry into the relation of heat-development to the states of
tension of the muscle during the progress of contraction. He
found that the muscle developed less heat the less its tension

before action ; with which may be mentioned that this tension
of the muscle, weighted and stretched by the weight, is smaller
the more it has, through contraction, approximated to the

natural length. Experiments, also, as to the relation of the

heat-production to the change of state of tension during the act

of contraction showed an influence of this, such that in each
moment of action the quantity of heat depends on the tension.

This suggested the idea that the greater heat-production with
increasing stimulation is perhaps a consequence of the longer
duration of the stronger contraction. The experiments proved,
however, that this idea is not justified, for the muscle made small
and great contractions in the same time.

As to the nature of the internal processes in the muscle, which
may be the basis of the phenomena observed, M. Nawalichin
offers the following remarks :

—

" We know that the contracting, muscle is a body of variable

elasticity ; with increased contraction its elastic force becomes
les?, its extensibility greater. When the muscle raises a given

weight about four millimetres, the external work for each milli-

metre of the lifting-height is indeed the.same but nevertheless the



452 NATURE [Sept 20, 1^77

doing of the same external work for every successive unit-length

of the hfting-height will require a larger sum of contractile forces

than for every earlier one, since the muscle, even with progres-

sive contraction, varies as to its elastic properties in the direction

of an increase of its extensibility. Upon the weight hung to the

muscle act, when contraction occurs, both the contractile and

the elastic forces of the muscle. ... In the sum (c ¥ e) of the

contractile (c) and the elastic forces (.:), t- becomes at first (during

the contraction) smaller, with the natural unweighted length of

the muscle equal to nil, and later, even negative. If the weight,

then, be lifted a number of units of length, the value of c

must increase with increasing contraction But an

increase of the contractile force is only possible through in-

creased transformation of elasticity into vis viva, that is, through

exchange of material, which finds its expression in the increased

formation of heat which I have observed. Thus, if I mistake

not, the facts discovered by me connect themselves with other

relations already known, and will find their application in a

future theory of muscular forces."

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Oxford.—It is stated that the Home Secretary has appointed

as joint secretaries to the Oxford University Commission the

Rev. Thomas Vere Bayne, Censor and .Student of Christ Church,

and Thomas Francis Dallin, late Fellow of Queen's College, and
Public Orator of the University of Oxford.

Cambriiige.—The death is announced of Dr. Geldart, Master
of Trinity Hall, Cambridge, in the eighty-first year of his age.

He had held the mastership twenty-five years, having succeeded

Sir Herbert Jenner Fust. Dr, Geldart graduated as seventeenth

Avrangler in 1818.

London.—Besides those already announced, the Rev. J. F.

Blake and Mr. Lebour are, we believe, candidates for the vacant

geological chair in University College.

Nottingham.—The ceremony of laying the foundation-stone

of the University buildings at Nottingham has been fixed for

Thursday, the 27th inst. The ceremony will be performed at noon
by the Mayor, and subsequently there will be a public luncheon
in the Albert Hall, at which Mr. Gladstone is expected to he

present. The cost of the buildings, including the land, will be

60.000/. Of this sum an anonymous donor has contributed

10,000/., and the remainder will be found by the Corporation,

who have given the site. There will be lecture and class-rooms

for the promotion of the Cambridge University Extension
Scheme, which, it will be remembered, was first incorporated

at Nottingham, and which has since been carried out successfully

in several centres of industry. There will also be class-rooms,

laboratory, &c. , for the use of the students in the science classes

in connection with the local Mechanics' Institution, as well as

rooms for the Free Library and the Natural History Museum.

SOCIETIES AND ACADEMIES
Paris

Academy of Sciences, September 10.—M. Peligot in the

chair.—Experimental researches on the mechanism of the forma-

tion of sugar in the liver, by M. CI. Bernard.—Referring to the

preceding paper, M. A. Triicul then read a treatise on the formation

of starch and of cellulose in plants.—M. Th. du Moncel then
presented to the Academy a copy of his " Recherches sur les

meilleures conditions des electro-aimants."—On the variation of

atmospheric pressure at different altitudes, determined at the

Puy-de-Dome Observatory, during the cyclones of last winter,

by M. Alluard. The author found, on comparing the barometri-

cal readings at the Puy-de-Dome Observatory with those of
Clermont Observatory, that the most remarkable discrepancies

existed, the barometer having frequently risen several milli-

metres at Clermont, when at the same time it fell considerably

on the Puy-de-D6me. He asks whether the supposition is

justified that, whiie a cyclone passes over the land, other smaller

cyclones are situated inside of it anil remain at different heights,

without reaching the ground ? Or does the strange phenomenon
result from local reasons which appertain to the relief of the

Dome's chain and to the relative position of the two observa-

tories ? In all cases this phenomenon shows the necessity of

studying the atmosphere in different layers and the great import-
ance of tlie Piiy-de-D6me Observatory.—On a process of pre-

serving the flesh of fish (extract from a note), by M. R. M.
d'Amelio.—On the presence of phylloxera in the department of

Loir-et-Cher, by M. J. Duplessis. The writer has found that the

pernicious insect has now penetr.ated as far as Villebarron, and
the district infested near Orleans now has the shape of a vast

equilateral triangle of 60 kilometres side.—M. Ed. Prillieux then
read a note on the causes which have brought about the invasion

of phylloxera into the Vendome district.—M. J. Maistre in a
letter to M. Dumas speaks of the effects of sulphocarbonates

against the insects.—The Minister for Agriculture and Commerce
wrote a letter to M. Dumas on the same subject.—M. Faye then
drew the attention of the Academy to some interesting results

obtained at Wasliington Observatory by the observation of the two
satellites of Mars recently discovered. It appears from a communi-
cation made by Admiral J. Rodgers, that in the telegram first sent to

Europe by the Smithsonian Institution at Washington there was
a mistake, viz., in ascribing to the inner satellite a distance of

fifty seconds ; half of the major axis of its orbit amounts only to

thirty-three seconds of arc.—A letter was then read by the pre-

sident from M. Ch. Lamey on some observations he made
during the winter of 1S64-65, and which caused him to believe

that Mars is surrounded by a ring of asteroids of all sizes, and
as a whole resembling, in some respects, the ring of Saturn.

M. Limey had observed an uncertain reddish light on each side

of the disk of tlie planet and corresponding nearly to its equator.

He directs the attention of the observers of the two new satel-

lites to this phenomenon.—M. Leverrier then announced the

discoveiy of another new planet in the zone between Jupiter and
Mars, by Mr. Watson, at Ann Arbor, on the 3rd instant,

R.A. 23'iom. Dec. -f 0° 45'. Daily motion in R. A. 55s. ; in

Decl. — i' ; magnitude II.—On the theory of the small motions
of a weighty point on a fixed suface which is described round a
vertical axis of revolution, by J. Boussinesq.—On locomotives of

the compound system, by M. A. Mallet.—On the specific heat

and the melting heat of platinum, by M. J. VioUe. In the

course of experiments made by this gentleman he found the true

melting-point of pure silver at 954° C.—A note by M. V. Neyre-
neuf on the specific induction power.—On nitroso-guanidine,

by M. Jousselin.—On the methods which the ancients must have
employed to lift and transport the great Celtic or Gallic mono-
liths, by M. E. Robert.—A note by M. L. Hugo on some
curves representing certain elements ot the planetary system.
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THURSDAY, SEPTEMBER 27, 1877

URBAN J. J. LEVERRIER

OUR readers will not have been altogether surprised at

the announcement of the death of the Director of

the Paris Observator)'. We have had frequent occasion

recently to refer to the unsatisfactory state of M. Le-

verrier's health, and only a fortnight since we announced

his return to his post. He died, however, on Sunday last

at the age of sixty-six years, singularly enough on the

thirty-first anniversary of the discovery of Neptune.

The gigantic extent and utility of Leverrier's work has

been such that it is not possible at such short notice to

present anything like a worthy estimate of it. We shall

therefore in the present notice content ourselves with

referring to a few of the chief events in his career.

Urban Jean Joseph Leverrier was born at St. L6,

March 11, 181 1. He was educated at the Ecole Poly-

technique, where he so distinguished himself as to be

allowed to choose what branch of the public service he

wished to enter. He selected a post under the " Ad-

ministration des Tabacs," and while in that position

published his first paper—a chemical one. But he soon

gave up chemistry to devote himself almost entirely to

mathematical astronomy. In 1S39 he contributed two

papers to the Paris Academy on the secular variations

of the orbits of the planets. These papers attracted the

attention of Arago, who requested Leverrier to calculate

afresh the perturbations of Mercary with reference

to the attraction of other bodies. This may be said

to have been the beginning of the great work which

he carried on till his death, and with which his name
will be for ever associated.

The nature and the stupendous extent of this work were

most admirably stated by Prof. Adams, in presenting last

year to Leverrier the gold medal of the Astronomical

Society. This address is referred to elsewhere. Though
drawn aside for a little into the political arena by
the events of 1848, he never discontinued his work in

connection with the planetary orbits. While in the

Legislative Assembly, as member for his native depart-

ment. La IManche, he gave his attention mainly to subjects

connected with public education and scientific discoveries.

He has had much influence in these directions, and it is

largely owing to him that the Ecole Polytechnique has

attained its present high organisation. In 1852 Leverrier

was a Senator and Inspector-General of Superior Educa-

tion. On the death of Arago, Leverrier, as might have

been e.xpected, was appointed to succeed him as head of

the Paris Observatory. That institution he found in a

most disorganised and altogether unsatisfactory condition,

and Leverrier set himself earnestly to raise it to the level

which it ought to occupy. A work of this kind he could not

accomplish without giving offence to many interested in

the continuation of the old ways. Indeed, Leverrier's

rigid rule caused such discontent among his staff, that the

Government were actually compelled to dismiss the great

astronomer from his post in 1870; he was, however,

restored again in 1 873.

While Leverrier's great work was in the sphere of

mathematical astronomy, he by no means neglected

other departments of science connected with the work
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of an observatory. To him is mainly due the orga-

nisation of the existing meteorological service in France,

which depends largely upon local effort. He was ever

ready to afford facilities to others to carry on their own
researches within the Observatory precincts, and he saw
with pleasure the erection of new Observatories both in

Paris itself and in the provinces.

' If on no other than selfish grounds," to quote the

Times notice, " England, as a maritime country, cannot

fail to pay a tribute of respect to a man whose work his

been of the utmost practical importance in the con-

struction of tables used in guiding ships across the seas.

Nor has England been, in fact, niggardly in rendering

him honour. On four occasions living words of respect

and friendship from England have been address:d to M.
Leverrier by presidents of the Royal Society and the

Royal Astronomical Society when presenting medals,

which are by tradition regarded as the highest tribute the

societies can offer of their appreciation o' the value of

work done. In 1846 the Royal Society, under the presi-

dency of Lord Northampton, presented to him the Copley

medal. In 1848 the Royal Astronomical Society, under

the presidency of Sir John Herschel, awarded a testi-

monial ; in 1868, under the presidency of the S iviUan

Professor, the gold medal ; and again in 1876, under the

presidency of Prof. Adams, M. Leverrier's 'rival' in the

discovery of Neptune, a second gold medal. Two years

ago the University of Cambridge, at the suggestion of

Prof. Adams, conferred on him the honorary degree of

LL.D. Perhaps the most valued, because most prac-

tical, recognition that could be offered was the fact that

for years past his tables have been employed in our
' Nautical Almanac,' superseding all othe.s for the com-

putation of the places of the planets."

Leverrier's work has been of such vali»e to a maritime

nation that a mark of appreciation on the part of our

Government, as well as on the part of our societies, Avould

not have been out of place. At the funeral on Tuesday,

EngUsh science was represented by Mr. Hind, the dis-

tinguished superintendent of the Nautical Almanac—we
hope in an official as well as in his private capacity.

M. Leverrier was Inspector-General of Universities,

one of the highest dignitaries in the Legion of Honour,

and a member of almost every Academy and order of

merit in the world. Of his two sons one died two years

ago, and the other is an engineer in the Ponts et

Chaussdes. Madame Leverrier has not been well for a

long period, and no doubt the shock of her husband's

death will tell upon her constitution.

Owing to the great loss sustained by science in the

death of Leverrier, the Paris Academy of Sciences closed

its session on Monday immediately after the letter from

M. Tresca announcing the sad event had been read.

M. Tresca was able to state that the great life-work of

Leverrier had just been completed.

RECENT BOTANICAL BOOKS
Text-book of Structural and Physiological Botany. By

Otto W. Thomd. Translated and Edited by Alfred

W. Bennett, M.A., B.Sc. (London : Longmans,
Green, and Co., 1877.)

THERE is a manifest want at the present time of a

text-book of moderate size which would supply

English students with a general view, not running too far
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into details, of the distinct types of organisation existing in

the vegetable kingdom. Such a book should, as far as

possible, draw its illustrations from plants which the

teacher could without any very great difficulty place

before his pupils. After intelligently comparing the

descriptions with as many of the structures described as

opportunity afforded, a student should have a tolerably

clear idea of the leading facts in the comparative vege-

table physiology and morphology of plants. Sachs's

" Text-book " is a perfect mine of information of the most

accurate and recent kind on all manner of special points,

but it is rather a book for the advanced student to

consult than for the beginner to study. It is often

difficult in it " to see the wood for the trees," to keep

well in view the firm grasp of fundamental principles of

organisation which the distinguished author undoubtedly

possesses, but which the richness of the materials that

he has on the whole so ably marshalled cannot, espe-

cially on a first reading, but very considerably obscure.

Huxley and Martin's " Elementary Biology " is un-

doubtedly very useful for first breaking ground, but the

vegetable types are of course treated in relation to

the animal and with the view of bringing out certain

general laws applicable to the whole of organised nature.

The commencing botanist of course wants something

more specialised than this, and for a long time past there

has been perhaps little better in English than the able

and philosophical sketch of the vegetable kingdom which

is contained in the opening chapter of Dr. Carpenter's

" Comparative Physiology."

At first sight it seemed as if the desideratum had been

supplied by Thomd's " Lehrbuch der Botanik," of which

an English translation has recently been published by

Mr. A. W. Bennett. An examination of its pages is,

however, disappointing. There is an entire want on the

part of the author of any definite grasp of his subject, and

this, combined with a good deal of vagueness and inac-

curacy in the facts, preclude the book being regarded as

possessing any higher value than a mere compihtion

which is only not vtry bad because recourse has been

had to fairly good sources of information. All through

there are evidences that the author has not a prac-

tical familiarity with the subject on which he is writing.

A few instances will suffice to illustrate this defect.

On p. 10 we are told " Protoplasm . . . which is

inclosed in a cell-wall has ... no power of escaping

from its envelope ;" but the author confutes himself on p.

284 by stating a propasoi Myxomycetes :
" The germinat-

ing spore, now provided with a cell wall, allows the

whole of its protoplasmic contents to escape." On p. 24

there is the extraordinary statement that in some MuscitiecE

starch-grains " are points of crystallisation around which

the mass of chlorophyll has been deposited." And a little

further on, speaking of the chlorophyll corpuscles of

Metzgeria, we are told " They multiply also by division,

splitting up into two new bodies, each capable of inde-

pendent life ; " yet chlorophyll-corpuscles are incapable

of life mdependent of the cell of which they are specialised

constituents. On p. 29 it is stated that the " purpose of

the formation of starch is that it may be stored up in

the cells as a reserve food material," which is about as

just a view of this important process of nutrition as if

we were to say of wheat that the purpose of its cultiva-

tion was to fill granaries. After this we may pass over

as comparatively unimportant, the queer statement that

starch is " deposited in especially large quantities in . .

pollen-grains " of all things in the world.

On p. 32 we are told that cell-division commences by
" the protoplasm . . . contracting into a spherical form."

The figure on the opposite page tacitly corrects this error.

On p. 44 we learn that ''Periderm consists of tabular cells

with thicker walls, which, when looked at vertically, have

a regular polygonal or stellate appearance." This is far

from clear, and certainly not universally true. On p. 52

we are informed :

—

" The laticiferous vessels and the true vessels together
have been compared to the venous and arterial blood-
vessels of animals ; but since a direct connection between
them has not been proved, and the mature vessels are
normally filled with air, this comparison cannot be
maintained."

In an educational book surely we may ask that the

debris of effete hypothesis should be left to slumber in its

appropriate oblivion. Any one who has ever examined

students will shudder to think how often this quaint

relic of the phytotomy of two centuries ago will be trotted

out triumphantly when far more important things are

altogether forgotten.

Passing over the histology—the treatment of which

cannot be regarded as satisfactory—we find a section

on " The external form of plants " which, under this

apparently philosophical heading, siinply conceals the

old dreary sterility of the descriptive terminology .of

flowering plants. Even this is wanting in accuracy. Thus, to

take a single page (79) : "scandent" is given as asynonym
of twining, the fact being that it includes every form of

climbing except twining ; again, Solomon's seal is said to

develop its llowering stems from terminal buds, while it

is obvious that they are axillary, and therefore lateral.

The " Special Morphology" is far better planned, and if

thoroughly revised and published separately, might make
—as it is well-illustrated, though chiefly with borrowed

woodcuts— a handy little text-book. There is the same
want of severe accuracy, however, to the confusion o

students. Thus (p. 192), the suspensor in phanerogams

is termed the pro-embryo
; p. 315, the same term is

applied to the prothallus of ferns ; the structures, of course,

are morphologically in no way homologous. Merely to

mention defects as they catch the eye in turning over the

pages, on p. 274, ascospores are said to be contained in

perithecia, oblivious of the asci
; p. 275, saprophytic fungi

are mentioned when saprogenous are intended
; p. 296,

HepaticeB are said to form " a beautiful transition from

the Thallogens to the Acrogens," which only shows

how easily persons may be deluded by mere "adaptive"

characters ; on p. 309 the author confuses—which is

almost incredible— the vascular bundle-sheath with the

sclerenchyma in the fern- stem
; p. 337, the North

American Callitris is mentioned, North African being

intended, and the two-lobed anthers of Taxinea: are

mentioned, when Taxiis, for example, has usually a six-

lobed anther, as he tells us on p. 336.

We have not examined very critically the concluding

chapters on Fossil and Geographical Botany, but the

latter, at any rate, seems too vague to be very useful.

Altogether, we cannot but feel sorry that Mr. Bennett
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has spent his labour on a work of such little real value.

He seems, indeed, to have had some misgivings as to its

shortcomings, and has largely borrowed from Huxley and

Martin's "Elementary Biology." Thus the student is

left as best he may to harmonize Thome's account of the

antheridium of Characea:, on p. 293, with Huxley's

independent description on p. 394, which is transferred

almost bodily.

It can hardly be doubted that Mr. Bennett, with his

experience as a teacher, could have supplied us from his

own pen with a text-book which would have been much
more useful.

OUR BOOK SHELF
Natural Ccomeliy ; an Introduction to the Logical Study

of Mathematics, for the Use of Schools and Technical

Classes, with Explanatory Models. By A. Mault.

(London : Macmillan, 1877.)

This is a good elementary text-book, founded on the

work by M. E. Lagout ("' Takimetry "), which we have
already noticed (NATURE, vol. xvi. p. 226). The ground
covered by the work before us is not quite so extensive

in one direction as that covered by Dr. Gwynne's trans-

lation ; but it has an introduction to pure geometry which
is likely to be of service to junior pupils. We are dis-

posed to think that some such practical training as that

indicated here, with the aid of the accompanying models,

and a shoit course of "practical" geometry would be a

capital thing for our junior pupils. Boys who are

exceedingly dull and stupid over their " Euclid" often, as

we have repeatedly seen, lake much interest in these con-

crete exhibitions of geometrical truths. The book has
been very carefully got out ; there are a few loose expres-

sions which might be improved. On p. 32 is the statement,
'• in equal circles equal arcs are those which have equal

chords," a distinction should be made between major and
minor arcs. Another trifling matter (but some boys
would at once notice it) is that some equilateral figures

are drawn on p. 33, which are not equilateral by scale.

There are two parts—geometry by sight, which treats of

the measurement of flat surfaces and of solids, and scien-

tific geomttry, or reasoning helped by sight. The latter

is concerned with the measurement of accessible and
inaccessible things and with the incommensurable (as the

circle, sphere, cylmder, and cone). We can recommend
the book for school nse.

LETTERS TO THE EDITOR
[Tht Editor does nut hold hityiself responsible for opinions expressed

by his corresponde7its. Neither can he undcr'tilct to return,

or to correspond with the writers of, rejected manuscripts.

No notice is taken of anonymous communuations.

The EdUor urgently requests correspondents to kiep their letters as

short as posiible. The pressure on his space is so great that it

is impossible otherwise to ensure the app arance even of com-
munications containing interesting and novel facts.'\

The Cycle of Sun-spots and Rainfall

May I venture to ask insertion fur the following remarks on
the cycle of sun-spots and rainfall? I frequently receive in-

qmrtts regarding llie meteorological aspects of the Indian faniine

and the prospects of Madra- during the coming monsoon. But
I btg to st.iie that the object 01 my invesiigations is not at

present to predict the luure, lut simply to ascertain the pa-t,

lacts. When we are quite sure of the data it will be time

enough to ap]>ly them. In order to secure a stable basis it lias

been necessary to work up a vast accumulation of meteorologicil

returns which have never been j^revioujly collated, and to make
further references to India, Germany, and America. Some time

must still ebp?e before 'he results can be presented as a whole.
M ear.wl ile I should be obliged if you would give insertion to
the fatts with regard to two points which seem at present to
have a special interest to the public.

In the firs' place, I think I may now safely say that the coin-
cidence of the cycle of r.dnfall with the sun-spot period is not
confined to Madras, but is common to various points around the
great ocean tract on which Madras lies. The three such points
of observation for which materials exist during the most con-
siderable period of years are Madras, Bombay, and the Cape of
Good Hope. I have made up tlie following table from the
monthly, and, when available, from the hou'Iy, rfturns of these
stations ; and as there are a few errors (probilily clerical) in a
return recently given for Bombay by the meteorological reporter
at Calcutta, I ought perhaps to add that these returns have been
tested by a trained computator in the Scottish Meteorological
office. The sun-spot column was worked out from an old list,

the only one available to me in India, and will hereafter be
revised from the more complete returns issued this year by Dr.
Rudolph Wolf The diflJerences do not, however, affect the
general results. My cycle of eleven years .starts back from
1S76 ; and the minimum group of my cycle, namely, the
eleventh, first, and second years, include all the years of mini-
iiium sun-spots from 1877 to iSio. It will be seen that the
coincidence in the cycle at Madras and the Cape of Good Hope
is very stront;ly marked, while that at Bombay is less so, and
somewhat lags behind the other two. An explanaiion exists for

this, but it would trespass too much on your space to enter into
that side of the question.

Table \.—Eli- Years' Cycle of Rainfall and Sun-spots shown
in Periods of Two Years.
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Table II.

—

Cycle of Rain/all and Sun-spols shown in the

Minim-um, Intermediate, and Maximum Groups.
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/ quarters, an impression not fair to him, and as the same accounts

may produce the same impression abroad, it seems proper to

make the following statement :

—

When on the morning of August 17 Prof. Hall showed
me his obser\'ations, ttie communication was purely con-

fidential and friendly, and was not made either in the hne
of duty or because he failed to recognise the significance

of his observations, or because any special skill he did not

possess would aid in interpreting them. I suggested that,

from the few measures he had made, it was possible to

estimate the time of revolution of the satellite, if the object really

were one ; and thus ventured the prediction that it would be

hidden during most of the following night, but would reappear

toward morning near the position in which it was seen the night

before. The fulfilment of this prediction facilitated the esta-

blishment of the true character of the object, but, without it, an
equally certain hold on the satellite would very soon have been
obtained by Prof. Hall alone. The credit of sole discoverer is

,
therefore due to him. Simon Nevvcomb

The Satellites of Mars

It may interest some of the readers of Nature to know that

one of the recently-discovered satellites of Mars appears to have
been certainly seen with the six-f lot reflector at Parsonstown.
My assistant writes me on the 17th instant :

—

" On the Sth instant (before receiving the Washington circular)

I suspected very strongly at 1 1 "45 P. M, while using the six-

foot, that a satellite was visible, following the disc, about ij

diameters. It appears now from the eleaients that it must have
been the outer one. On the 15th instant, at 11 30 p.m., I saw
it quite distinclly preceding the planet, however not well

enough to measure it, as I lost it again after a couple of minutes,

owing to the strong glare of Mars. List night I saw it again,

but only by glimpses, twice or three times."

The unfavourable weather prevented the satellites from being
looked for between the Sth and 15th instant.

I may add that it seems probable that the satellites might
have been measurable on the 15th instint with the bright hne
micrometer had it not been in the maker's hands. The low
meridian altitude of the planet (25'' at Parsonstown as compared
with 40° at Washington) is of course a serious drawback to

observations at the former place. RossE
Yorkshire, September 20

The weather in this neighbourhood has been very unfavour-
able for observation ever since the announcement of the discovery
of two satellites of Mars. Last night, however (about 9.30),
during little more than half-an-hour's interval of clear sky, the
air being extrtmely steady, and the planet beautifully defined, I

succeeded in seeing the outer satellite of the two. With the full

aperture of my 18-inch silvered-glass equatorial reflector, and
an ordinary achromatic eye-piece with a bar across the field

hiding the planet, the satellite was but glimpsed occasionally
;

with a single double-concave lens (power about iSo) it was
visible, in spite of the brilliant light of the planet. Had I not
known its exact position, however, I question whether I should
have seen it at all. It is a most difficult object.

Henry Cooper Key
Stretton Rectory, Hereford, September 19

A Good Suggestion

The approaching meeting in London of librarians represent-
ing the most important English, and, I believe, foreign, collections

of books, makes the present a suitable time to ofler suggestions
as to the management of such collections.

It has long seemed to me that an improvement might be
made of a very simple nature, but capable of greatly increasing
the working value of reference libraries, especially those of the
first rank ; namely, to provide, somewhat as follows, for their
being consulted by those who cannot personally visit them.
Suppose that the authorities of such an institution as the

British Museum or the Bodleian designate certain persons, not
paid officers of the library, but known to its directors as well-
educated, trustworthy, and acquainted with the resources of the
particular library

;
publishing the names and addresses of these

gentlemen as willing, and believed to be competent, to under-
take researches amongst the bo..ki for those who may write to

them from a distance ; the official authorities assuming no actual

responsibility for the work so done, but merely recommending
the persons to do it ; publishing at the same time a definite
statement of the payment expected per day or hour by these
persons.

Often when one would desire to consult a great public library
in a foreign land, or in a distant part of one's own country,
nothing short of a personal visit would be of use, but in very
many cases it would be quite possible to obtain all that one
desired by a simple business-like correspondence with a proper
agent. Sometimes the quesiion is merely whether such or such
a book exists in the library, with perhaps an accura'e copy of its

title ; sometimes a special reference to a single page in an old
and scarce scientific journal or set of transactions is to be veri-
fied ; sometimes a few paragraphs are to be copied in tlie exact
words of the author ; sometimes a name, date, or number is to
be sought out ; sometimes a larger amount of work would be
needed, but so definitely shaped out that instructions in writing
could easily be given for it to an inteUigent person on the spot.
As it is, the consulting of such a distant library in person is often
simply impossible, and even when possible, often involves such
expense and delay as to make themselves seriously felt ; whereas
by the plan proposed, the object in view might often be attained at
a cost of time and money altogether trifling. In my own very small
experience I once found it necessary to travel some 700 miles,
losing three days, and spending about 7/., in order to refer to a
book for about ten minutes, while directions for m iking the same
search could have easily been put upon half a sheet of note-
paper, and carrying them out would have occupied a person
living in the city in which the library was situated altogether not
more than an hour or an hour and-a-hilf.

In the neighbourhood of almost every large library competent
men might reidily be found to undertake such work as is

suggested, and to whom the opportunity of increasing their
income, or probably in time earning from this source alone a
satisfactory income, would be welcome. The plan would admit
of being carried out upon a small or an extended scale ; a library
of the ttiird or fourth class might afford a field for a single man
only, while one of the first class would be likely gradually to
enlist the services of a number ; if this were so sub-division of
labour would be desirable, one person undertaking researches in
natural history, another in mathematics, physics, or chemistry,
another in classical learning, &c.
While such work could not properly be done by the regular offi-

cers of a public library, it would be important tliat the private indi-
viduals who were to enter upon it should have the approval of,

and should be recommended by, the library authorities, who
might also very properly fix the rate of payment, recommending
only those who were willing to accept the rules laid down.

This plan has at least the merit that it might be tested with
very little trouble, risk, or disturbance of existing arrangements.
I believe that even in England with great libraries situated at
comparatively moderate distances from almost every one in the
kingdom, it would prove a great convenience ; to persons placed
as are those who live here in America, with nolibrary of the first

rank on this side of the ocean, and with hundreds of miles often
separating one from the largerof even those libraries which do here
exist, the boon of access by letter to the greatest collections ol

the world would be inestimable. It would be in a new direction,
and a noble one, carrying out the tendency of the most modern
civilisation which looks to placing, as far as possible, the
resources of the whole earth within the reach of hini who lives

at any one spot upon its surface
J, W. M/VLLET

University of Virginia, Setember 5

Some of the Troubles of John O'Toole respecting
Potential Energy'

IL

B.—Potential E. , as meaning '
' energy related to Potential

Fimetions."

We now pass to the second meaning of "potential E."
It happens, by a most singular and unfortunate coincidence, that
this class of £. can very well be called by that title for a reason
quite distinct from that which we have been deprecating. The
idea of the potential function, or briefly, potential, was first

formed and thus named l)y Green. It has no reference whatever
to exi-ting in possibility ; it is concerned with present potency
or power ; and it happens that potential E. of unit of mass may

' Continued from p. 441.
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be very appropriately so termed by some physicists as bfins; E.

of piitential. or rather E. of difTerence of ]iofential, or E. which

is the complement of potential. Tliis is evidently sometimes in

the minds of our teachers : indeed, Clerk Maxwell directly tells

usi that this is one sense in which the title is suitable ; he calls

it a "very felicitous expression," because it has the two differ-

ently applicable meanings we have mentioni;d.

7. Here, then, is our next gravamen. These two characters

of this type of E. are quite heterogeneous and unconnected.

Now a sitnple name can only refer to one character of a person

or thing ; and if it happens, by accident, that the werd that

constitutes the name has two quite different meanings or refer-

ences, and that both are applicable to the person or thing, if we
mentally ajiply them both to that individual, we are guilty

of a sort of punning or verbal skylarking ; as if for instance we
should call Mr. Smith an upright man on account both of his

erect carriage and of his moral probity. This is bad ennnuh
;

but further, the two characters which might be implied in the

name "potential E." are not merely heterogenrous ; they are

mutually incompatible ; they cannot be put together into th-

same complex idea, at least by ordinary mortals. Surely there

is no occasion to .stop to prove this.

It is evident that the majority of our teachers feel this and the

preceding inconveniences themselves. And I confess that I am
now going to bring against them a more serious accusation than

that of merely using unsuitable language. There is a most
singular and apparently significant omission to be noticed in

nearly all the manuals, referring to this sutiject, into which I

have looked ; we have already alluded to this.

8. But we must t.ike this opportunity of numbering it as the

eighth of our gravamina. It is this, while teaching us about the

different classes of E. and telling us that one is called " potential, '

they abstain from telling us why it is so called ! This omission

is so remarkable, iu itself, as occurring in bonks intended to

impart instruction, and so unlike the ordinary behaviour of our

doctors, that there must be some very particular rea-nn for it. A
single person might make this omission by pure accidental inad-

vertence ; but when a number ol persons do so it cannot be thus

accounted for. There is no explanation but this—that they

perceive the botherations connected with this confounded, I

mean confounding, name, "potential E.," and rather than

acknowledge how matters stand, and own themselves to blame,

they try to slur the thing over by giving no meaning of the name
at all. Rankine, indeed," just alludes to the la-t meaning of

"potential E.," which refers to its connection with potential

(function) ; but that is all ; not a word about the incongruity

between it and his own original meaning, just as if none existed

Clerk Maxwell, however, as we have just seen, boldly takes the

bull by the horns, and tries to make both himself and us believe

that he is delighted with this Janus-like name and with the com-
pounding of its two incompatible meanings. It so happens that

the writings of that distinguished physicist contain as striking an
illustration as could be conceived of the inconvenience of the

ambiguity of this "very felicitous expression." We have already

mentioned it, but with a different object in view. Having told

us in one place that "potential E." is "the E. which the system

has not in actual possession," he also tells us elsewhere 'that " the

leaden weight of a clock when it is wound up has potenial E.

,

which it loses as it descends." The weight set--to and works
with E., whieh it has not in possession, Imt only has the power
to acquire, and which it loses the power of acquiring ! !

* In the

first statement he was thinking of the first meaning of potential

E. and in the second statement of the other meaning.

It mi|:ht be said that if we discard the first meaning of

"potential E." on account of its intrinsic wiongness, we shall,

at the same time, aliolish this last difficulty, which arises from
its relation with the second meaning, and that this second mean-
ing, which is admitte jly good m tlsiij\ will then have nothing
against it. But in the first place the associations of the name
"potential E." with the first meaning are too strong to be easily

got rid of. It would be all but impossible to retain the word
and confine it strictly to the second meaning.

9. But besides, " potential E." in this second meaning, though

* " Heat," p 91: " Matter and Motion," p. 81 :— " Potential E —A very
felicitous expiession, since it not only sigi.ifies ihe F. which the system trjs

not in actual possession, but only has the power to acqu re, but it also indi-

cates its connection with what has been called (on other grounds) the Poten-
ti.ll Function,

'

5 Phil. Mug., Febni.iry, 1SO7.

3 "Theory 01 Heat," p 281.
'' We have already seen above, that the weight never acquires more

than a quite insensible amount of "actual ¥..." so called.

good in itself, has inconveniences inrlependent of this when
applied as I believe it universally is, to E. conceived of as exist-

ing in tlie body moved ; for potential (function) does not appertain

to the body moved, but entirely to \\igforce concerned.

C.

—

Pot/ntial E., as meaning " Energy of Potency.

"

As to the third meaning of "potential E. ," it has been

said (and indeed Rankine may have had this in view in ore

place ') that it need not be taken to imply anythiuj; more than

E. of potency or power without reference to Potential (function)

10. But according to this, "potential E." would mean the

power of doing work which consists in power ; and it would be

as great a tautology as " umbrageous shades."

11. And again, if it be the special distinclion of one class of

E. that it is E. of potency it necessarily follows that the other

class, observe the so-called acual E , is i?. of inipcleiicy I

12. And besides, there is the same incompatibility between

this meaning, C, and meaning A, as there is between B and A.'*

As to the whereabouts of Potential Energy.

We shall now pass from the perplexities connected with this

unlucky name, "potential E." to consider the behaviour of our

teachers towards the thing itself. It will conduce to clearness

to drop this name now, since our objections are no longer directed

against it, and adopt another very common one for the same

thing, viz., " E. of position."

13. The E. of position is usually regarded and spoken of as

belonging to, or being in the body in question which may be

about to move and acquire E. of motion. This puzzles poor P.

terriMy ; not only on account of the difficulty of grasping the

thing mentally and of putting any clear meaning into it. but also

because the doctors, both individually and collectively, often

display such curious inconsistency respecting it.

But before proceeding to consider directly the undesirableness

of this way of viewing E. of position, let us observe that it is the

cause of all the above perplexities, which, indeed, seems to be

sufficient olijection to it ; and let us endeavour to find out why
the doctors should have had recourse thereto.

The physicists having determined, for the reasons below,

to talk of this E of position as being in the body, and that body

being just the same (and, when regarded as attractifrf or repelled',

as is u-ually done, equally inert) in whatever position it stands,

it becomes necessary to provide for this by a little ingenious

dodge; for such the phrase "potential E.," as now generally

used, really is. " Potential E." plays the same part as a con-

juror's empty case or shape, which is made to represent some

s-ilid object which is really lying elsewhere, or is perhaps actually

doing dutv there. Our physical prestidigitateurs tell poor P.

that this E. is "in the boiy," that the body " /;ai it," that

the body " possesses it," with other simi'ar expressions. But

what is it that they are presenting to him all the time? "Potential

E.," which sounds to him very fine, and which he thinks must

be something very serviceable, but which is in reality only an

empty shape, for it is " E. which the body /;(U not in actual

possession "
! ! They have adopted the precise inverse of the

famous device employed by Ulysses when he told Polyphemus

that his name was OCtis. We have mentioned and reckoned

this grievance already, on its own account ; we have returned to

it now only to show how the present one necessitates the use of

this delusive name "potential E."

Why then is it that our teachers (save the mark !) wish thus to

make-believe that they have got their E. of position in the body ?

The principal reason is this—They have to keep straight with

the me'aphysicims. In these da\s it is generally perceived that

we should, as much as possible, avoid treating force as an

objective something When eneigy does not come prominently

foiward into discussion they can use the same forms of expression

about force as their grandfathers did, though intending them
only as such. The term "force" is " very use'ul," in that " it

enables us to abbreviate statements which would otherwise be

long and tedious ; " and no harm is done by using it when the

necessary reservation as to its being only a convenient mode of

speech is known to underlie all the statements and discussion.

But when Energy, which mut be taken as real and objective in

some sense, is the subject of their t.alk, they become extra

cautious, and, fearing to put this objective affair into non-objec-

' " Encyclop. Brit " (1857), vol. xiv.. article " Mechanics."
= In Nicholl's ' Cyclop, of Phys. Sciences" potential E. is said to mean

E. of a power or force, but it is ea!.y to see that this does iiot mend the

matter at all. As a distinguisliing title it implies that a moving body has

no force nor power . no "power of performing work, ' that is to say no E.
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live force, or tension, or stress, tliey are driven to thrust it into

the body, notwithstanding tlie perplexities and contradictions

caused by so doing, and notwithstanding the painful necessity

incurred thereby of hoodwinking poor P. in the above manner,
and endeavi!uring to hoodwink the metsphysiciar.s. But there

is really no reason why force with the saving reservation should

not be introduced as freely into the discu-sion of E. as into

other questions of dynamics ; and the physicists often do intro-

duce it thereinto ; but then, when frightened at what they have
done, they will silently withdraw it again. All the inconsistencies

of the doctors, and their capriciously varying moods of freedom
and shyness respecting " force," and their stepping up and down
from one platform of thought to another, perplex poor P. beyond
measure. He knows nothing but what they tell him ; and he

dares not attribute his difficulties to anyihing but either the

abstruseness of the subject or his own stupidity.

But probably 'here was another motive, also, for this melan-
choly idea of putting the E. of position into the body, viz , the

desire for simplicity of arrangement Since E. is E. .and the

kinetic E. is undeniably in the body, it would seem to be an
orderly proceeding to put the other there too. But this would
be as if a methodical housekeeper should keep her coals and her

blankets in the same **h()le'' because they are both warming
apparatus, though in very different ways. And besides, we
shall find that whatever may be the gain in this respect in putting

both the types of E. into the body, it is outweighed by a certain

loss of true correspondence and clear analogy, which will be
mentioned farther on.

We now come to the more direct consideration of the merits

of this procedure of putting the E. of position into the body.

Let us begin with an interesting little illustration of its character.

It is the ordinary and legitimate mode of expression to say that

when a stone is projected vertically upwards, the gravitational

attraction between the earth and stone draws the stone down again
and gives it the kinetic E. with which it strikes the earth. And the

gravitation attraction is usually and conveniently conceived and
spoken of as being all the earth's : and the stone is usually

regarded as being simply attracti-i/. Every doctor will frequently

speak thus ; and nevertheless he will also, and sometimes in the

same breath,' tell us that it is the stone, say at the highest point

of its ascent, that has E. of position due to its height from the

ground. So then the connecting attractive force, which is to do
the work of drawing the stone down again, and which is therefore

one factor of the E. present, is regarded as being in the earth,

but the E. a.s being in the stone ! This is one way no doubt of

teaching poor P. the difference between force and E ! Take
another illustration. Some of our foremost doctors " tell us that

when a bow is drawn and about to discharge the arrow or the

bolt it is the arrow or the bolt that has E. of position ; in this

they have at least the merit of consistency. Poor P. generally

feels that this conveys no distinct idea at all to his mind ; of

course he dares not thing it wrong. Then he finds other doctors

'

who tell him (though in so doing they are inconsistent '' with

themselves) that in this case the E. is in the bow. What is to

be done now? Is this distracting E. of position "like a bird so

that it can be both here and there at the same time " ? Or are the

doctors on one side—how shall we write it—wrong ? At any

rate, since the doctors differ, poor P. must needs choose for

himself, and in order to escape the above perplexities and also

for the following reasons, he elects to conceive of the E. of

position as net in the body but in the force or forces concerned

w'liich are at least virtually there ; it being an ulterior and quite

another question, what is force ?

The discussion is of course now, as it has been all along, only

as to modes of conception or of expression, and not as to the

science of our doctors. All agree that if you spend E. against

the resistance of the inertia of a mass in giving it velocity or

acceleration, you have bestowed your E. on the inertia of that

body, you have transferred your E. to that inertia. So, in exact

correspondence and analogy, if you spend E. against the resist-

ance of the gravitation attraction, for instance, in raising a stone

to a certain height you have bestowed your E. on that

' Clerk Maxwell's "Heat," p. 281 bottom; seeWillson's "Dynamics,"

= E.g. Balfour Stewart, " Cons, of E.," p. 25 (but see his " Elem. Phys.,"

p. 106).

3 Tait, "Recent Advances," p. 18; Willson, "Dynamics, p. 278.

< The inconsistency is startlingly exh bited in a single sentence or which

two doctr rs are responsible, " Uns. Univ.." p iii, "the potential E of a

raised weight or bent sprii g." If the potential E. is in either one of these it

cannot be in the other. W e have the same in a single sentence in Thomson
and Tait, p. 178 (two doctors, again, responsible) ; also in Tait's Glasgow

lecture.

attraction, you have transferred your E. to gravity. That
attraction was beforehand pulling at the stone as hard as it

could ; but it had no power of doing work, according to the
definition of work, i.e., it had no energy according to the defini-
tion of E. You have given it E., or the power of performing
work by affording it the condition necessary for its doing work,
viz., space to work through. Why will not the doctors say this
in so many words, when they do say it virtually in various forms?
From Newton down they tell us this, that the work done by a
force is/.t [s being the space through which the force / acts) •

but the work done is the measure of the preceding E. or power
which of course the force had of doing that work ; why then
will they scarcely ever say that the E. of a force is fs {s being
now the space through which he force will have opportunity of
acting) ? When they do say in substance what we want them to
say, they avoid most carefully the direct clear statement of it in
so many words.i "This kind of E. [potential] depends upon
the work which the forces of the system would do if the parts of
the system were to yield to the action of those forces." That,
of course, ra^m\s precisely the same as the following, which, how-
ever, expresses the thing more directly. This kind of E.
(potential) is the E. which the forces of the system possess in
consequence of the possible displacements of the parts of the
system under the action of those forces. Tait himself, both in his
Glasgow lecture and in his " Recent .Advances," tells us that
a wound up spring or bent bow has potential E. Clerk Maxwell
tells us the same. If so we have a right to speak of the energy
of the gravitation attraction. In a certain respect the cases are
difTerent, but not so as to affect the present point.

This, our putting of the E. of position into the forces, instead
of into the body or bodies, does not, of course, explain the action

any more than the other does, but it gives a conception (pro-

visional, if you like) which is much clearer and in better

analogy, and, as we have said, free from all the above-recounted
confusions. Moreover, the expression "E. of a force " has the
great advantage of keeping before the mind of poor P. the fact

that force and energy are not the same, a distinction which he is

slow to apprehend, and which it is of the utmost importance to

him that he should get proper hold of.

And now that we have got our E. of position into its most
convenient seat, what shall we call it, and how shall we speak
of its action? We cannot be dreadfully wrong if we call it by
a name suggested by an expression of Helmholtz ; let it be
" Emrgy o; Tension." Does it not seem more logical to desig-

nate it by its essential characteristic than by what is only a

condition though an indispensable one ; for this latter we do when
we call it E. of position or configuration. And as to its action let

us say that when E. is being, as it is usually expressed, transformed

frdm potential to actual E., ox -nee versA, it is transferred from

the forces to the bodies of the system, or vice versA. If these

expressions are unsuitable and erroneous, then let every one abstain

from language which is precisely tantamount to them. But our

doctors do not do this ; and it fortifies us greatly in the belief

that we are right to know that our doctors, when they are quite

themselves, say the very same in substance, though not in so

many words. On the other hand, if these expressions recom-

mend themselves to us, let us use them boldly and consistently

without mincing matters. Deschanel seems to have been on

the point of using them in one place.' However, the fear of his

conjrires suddenly rose before bis eyes, and having written (or

his translator for him) the word " transferred," he stops short

without telling us frsm what and to what the transference is

made ; he leaves us to complete for ourselves the sense of the

passage, which clearly is that the transference is from the forces

to the bodies, and vice versS.

Poor Publius and myself have smeral other complaints to

make ; but probably we have said enough to excite the sympathy

of all considerate persons.

Dublin X-

New Electric Lights

Under the above title Mr. Munro describes, in Nature,

vol. xvi. p. 422, M. Lodighin's device for an electric light.

This is 110 novelty but a simple repetition of an invention made

The only exception tbat I remember to have seen is afforded curiously

enouBh, by Rnnkine himself, the inventor of E m posse. In Ph.. A/a^-.,

Februa^, .853. he say.,, " E. of gravitation ;
and in Encycl. Brit.,

vol. xiv., " Mechanics," he speaks ol the E. of an etfort.

= '• Nat. Phil ," p. -9
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by Mr. Starr, a voiinff Ameriran, and patented in this country
under the title of " King's Patent Electric Light," specification

enrolled March 25, 1846. An account of it, with drawings,

may be found in the ATir/ianic's Afa^nziiic, A"ril 25, 1846,

p. 312. To this are appended some editorial remarks in which
the novelty of the invention was at that date disputed. Those
who care to follow the .subject further mav find a letter of mine
replying to this editorial criticism in the Mechanic's Magazine of

May 9, 1846, p. 348.
I constructed a large battery and otherwise assisted Mr. Starr

in his experiments on this light. The '-wick," as Mr. Munro
aptly calls it, was a stick of gas retort carbon, like that pictured
(Nature, p. 423I, excepting thnt it was affixed to supports of
porcelain in order to remedy the fracture which occurred to our
fi^s^ apparatus in which the carbon stick was rigidly held in

metallic forceps. Thus the improvement of M. Kosloff was
also anticipated.

The lamp-glass was a thick barometer tube about thirty-six

inches long, with its upper end blown out to form a large bulb
or expanded chamber. The carbon and its connections were
mounted in this with a platinum wire passing through and sealed
into the upper closed and expanded end of the tube.
The whole of the tube was then filled with mercury and

inverted in a reservoir, and thus the carbon stick, &'c., were left

in a Torricellian vacuum. The current was passed by connect-
ing the electrodes of the battery with the mercury (into which a
wire from the lower end of the carbon dipped) and with the
upper platinum wire respectively. A beautiful steady light was
produced accompanied with a very curious result which at the
time we could not explain, viz., a fall of the mercury to about
half its barometrical height and the formation within the tube of
an atmosphere containing carbonic acid.

I have now little doubt that this was due to the combustion of
some of the carbon by means of the oxygen occluded within
itself.

In pointing out this anticipation of M. Lodighin's invention I

do not assume or suppose that any piracy has been perpetrated.
It is one of those repetitions of the same idea which are of such
common occurrence and which cost the re-inventor and his

friends a vast amount of trouble and expense that might be saved
if they knew what had been done before.

I may add that the result of our battery experiments was to
convince Mr. Starr that a magneto-electric arrangement should
be used as the source of pnwer in electric illumination ; and
that he died suddenly in Birmingham in 1S46, while constructing
a magnetic battery with a new armature which, theoretically,

appeared a great improvement on those used at that date. Of
its practical merits I am unable to speak.
Twickenham, September 18 W. Mattieu Williams

Serpula Parallela

Two or three years ago I read somewhere that Serpula
farallela of M'Coy is probably a vitreous sponge. Can any
of your readers give me a reference for this ? I wish to give
the authority for this happy suggestion to which Mr. Young and
I referred last year. JuHN Young
Glasgow University, September 19

HVDROGRAPHIC SURVEY OF THE BALTIC
"VX/'E learn from the Stockholm Nya Da<rUa;t Allelmnda
* * that during the month of July last a hydrographical

survey of the lialtic was carried out by two vessels
belonging to the Swedish navy, which were placed for
this purpore at the disposal of the Swedish Royal Academy
of Sciences for a month. A grant of about 550/. is

intended to cover the expenses of three such expeditions.
The whole of the Baltic, from a line drawn from Arendal
to Jutland to the head of the Gulf of Bothnia and from
the Swedish coast on the one side to the Finnish, Russian,
German, Danish, and Norwegian on the other, was
examined for temperature and salinity along thirty-four
lines, measuring together more than 23,000 English miles,
and including 200 stations. At every such station the
temperature and salinity of the sea water were ascertained
at the surface and at several different depths down to the

bottom, about 1,800 different determinations of tem-
perature having been made and a corresponding
number of samples of water obtained. The nature
of the bottom has also been ascertained by instru-

tnents which brought up samples not only from the
surface of the bottom, but also from a variable depth,
occasionally several feet, under it. The plan of this

survey, which is said to be the most complete that has
yet been made for its special objects, the determination
of the salinity and temperature, was drawn up and
carried out by Prof. F. L. Ekman. New instruments for

taking samples of sea-water at different depths were
employed, and as the temperature of t e water did not
undergo any perceptible alteration during the time
required for getting it to the surface, for every sample
that was obtained, the temperature of the depth from
which it was raised was ascertained simultaneously,
without any great loss of time. The survey shows the
Baltic and the Gulf of Bothnia to consist of three strata,

differing greatly in temperature, and often very sharply
defined, viz., an upper stratum, which is warmed during
the summer by the heat of the sun to a pretty high
temperature, a lower, in which the cold of winter still

prevailed to a great extent, and under the latter still

another of a somewhat higher temperature than the
intermediate stratum, the third stratum being of great
thickness where the depth was considerable. In the
Gulf of Bothnia, as in Skagerack and Kattegat, on the
other hand, the temperature diminished steadily in pro-

portion to the depth, as is commonly the case in the
ocean. The uppermost summer-warm stratum of water
was found to be of variable thickness at different places
in the Baltic ; at some it was scarcely perceptible at the
period of observation. This and other peculiarities will

probably be explained in the course of the working out of
the observations which is now proceeding.

OUR ASTRONOMICAL COLUMN
The Saturnian S.'VTELLite HypiiRion.—The fol-

lowing ephemeris of this satellite for the next period of
absence of moonlight is founded upon the elements
calculated by Prof. Asaph Hall, of Washington, from his

measures in 1S75. Though limited to dates when Saturn
may be observed while the moon is absent, probably her
presence, except when very near the planet, is less an
impediment to viewing so faint an object than the
unavoidable proximity of the planet itself.

At loh. Greenwich M.T.

Sept.
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Prof. Bruhns, and Strasburg by Prof. Winnecke on the

17th and 1 8th respectively, gives the following tlements :

—

Perihelion Passage, September 5 '4 104 Greenwich M.T.

Longitude of the Perihelion ... m 47 45 ) True equinox,

As.-encling Node... 251 45 50 j Sept. 16.

Inchn.iiion to Ecliptic 7^ 35 5^
Log. Perihelion Distance o 1982S2

Motion—retrograde.

The middle observation is represented with errors of

+ 7'' in longitude and — 2" in latitude.

A few computed positions are subjoined, but they are

to be regarded only as rough ones :

—

At i2h. G.M.T. R.A. N.P.D. Distance from

Sept. 26 .



462 NA TURE \Scpt. 27, 1877

workers stopped, when the research will gradually die out

from want of support. On the other hand, if, as you, Sir,

admit, we are on a track of a discovery which will in time
enable us to foretell the cycle of droughts, public opinion
should demand that the investigation be prosecuted with
redoubled vigour and under better conditions.

My object in writing th\s letter is to express a hope
thnt your powerful influence may not be wanting in

furtherance of a branch of inquiry from which I, as an
individual worker in it, am undoubtedly of opinion that

the greatest national benefit must in time arise. If fore-

warned be forearmed, then sucli a research will ultimately

conduce to the saving of life both at times of maximum
and minimum sun-spot frequency.

Owens College, RIanchester, September 20

PROF. ADAMS ON LEVERRIER'S PLANETARY
THEORIES

'T~'HE following admirable statement concerning Le-
-* verrier's more recent work was made on the occasion

of the presentation of the gold n-.edal of the Astronomical
Society, in February, last year, to him by Prof. J. C.

Adams, the president. It will be read with a mournful
interest at the present time :

—

It is not many years since our medal was awarded to

M. Leverrier for his theories and tables of the four

planets nearest the sun, viz.. Mercury, Venus, the Earlh,
and Mars. Long before this he had been occupied with
the larger planets, but before proceeding further w th

their theories he found it necessary to establish on solid

foundations the theory of the motion of the earth, on
which all the rest depend, and this again naturally led

him to investigate the theories of the three nearer planets
which, with the earth, constitute the inferior portion of
the planetary system.

By the comparison of these theories with obser-
vations, M Leverrier was led to two interesting results.

He found that in order to bring the theories of Mercury
and Mars into accordance with observation, it v?as neces-
sary and sufficient to increase the secular motion of the
perihelion of Mercury, and also the secular motion of the
perihelion of Mars.
Hence M. Leverrier inferred that there existed on

the one hand, in the neighbourhood of Mercury, and on
the other, in the neighbourhood of Mars, sensible
quantities of matter the action of which had not been
taken into account.

This conclusion has been verified with respect to
Mars. The matter which had not been considered, turns
out to belong to the earth itself, the mass of which had
been taken too small, having been derived from too small
a value of the solar parallax. A similar increase of the
mass of the earth is indicated by the theory of Venus,
and a cor^-esponding increase of the solar parallax is

likewise derived from the lunar equation in the motion of
the sun.

With respect to Mercury, a similar verification has
not yet taken place, but the theory of the planet has
been established with so much care, and the transits of
the planet across the sun furnish such accurate obser-
vations, as to leave no doubt of the reality of the phe-
nomenon in question ; and the only way of accounting
for it appears to be to suppose, with M. Leverrier, the
existence of several minute planets, or of a certain quan-
tity of diffused matter circulating about the sun within
the orbit of Mercury.
The results which M. Leverrier had thus obtained

from his researches on the motions of the inferior planets
added to the interest with which he now entered upon
similar researches on the system of the four great planets
which are the most distant from the sun. Such researches
might furnish information respecting matter hitherto un-
known existing in the neighbourhood of these planets.

Possibly they might afford indications of the existence of
a planet beyond Neptune, and at any rate they would
provide materials which would facilitate future discoveries.
As I shall have occasion to explain later on, the

theories of the mutual disturbances of the larger planets
are far longer and more complicated than those of the
smaller, so that all that M. Leverrier had yet done might
be almost regarded as merely a prelude to what still re-

mained to be done. Increased difficulties, however, far
from deterring, seemed rather to stimulate him to greater
exertions.

On May 20, 1872, M. Leverrier presented to [the

Academy an elaborate memoir, containing the first part
of his researches on the theories of the four superior
planets, Jupiter, Saturn, Urmus, and Neptune. This
memoir contains an investigation of the disturbances
which each of these planets suffers from the action of the
remaining three. Throughout this investigation the de-
velopment of the disturbing function, as well as that of
the inequalities of the elements is given in an algebraical
form, in which everything which varies with the time is

represented by a general symbol, so that the expressions
obtained hold good for any time whatever. Thus the
eccentricities and inclinations, the longitudes of the peri-

helion and of the nodes are all left in the condition of
variables. The mean parts of the major axes, which
suffer no secular variations, are alone treated as given
numbers.
At the end of the resumi of the contents of this

memoir, given in the Comptes Rendus, M. Leirerrier lays
down the fallowing almost appalling programme of the
work still remaining to be done.

It would be necessary, he says,

—

1. To calculate the formulae, and to reduce them into

provisional tables.

2. To collect all the exact observations of the four

planets, and to discuss them afresh, in order to refer their

positions to one and the same system of co ordinates.

3. By means of the provisional tables, to calculate the
apparent positions of the planets for the epochs of the
observations.

4. To compare the observed with the calculated
positions, to deduce the corrections of the elliptic ele-

ments of the four planets, and to examine whether the
agreement is then perfect.

5- In the contrary case, to find the causes of the dis-

crepancy between theory and observation.

Extensive as is this programme, it has already been
completely carried out as regards the planets Jupiter and
Saturn, and partly so as regards Uranus and Neptune.
Having received from the Academy the most effectual

cncourat;ement to pursue his researches, M. Leverrier
lost no time in bringing them gradually to completion, so
that they might become available for practical use.

Accordingly, on August 26, 1872, he presented to the
Academy a memoir containing a complete determination
of the mutual disturbances of Jupiter and Saturn, and
thus serving as a base for the theories of both these
planets, which are closely connected with each other.

Again, on November 11, 1872, he presented his deter-

mination of the secular variations of the elements of the
orbits of the four planets, Jupiter, Saturn, Uranus, and
iNeptune. These variations are mutually dependent on
each other, and must be treated simultaneously. Their
determination consequently involves the solution of sixteen
differential equations, which are very complicated in form,
and can only be integrated by repeated approximation.

This part of the work forms a necessary preliminary-

to the treatment of the theory of any one of these planets
in particular.

On March 17, 1S73, M. Leverrier presented to the
Academy the complete theory of Jupiter ; and on July 14
in the same year he followed it up by the complete theory
of Saturn.
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On January 12, 1874, he presented his tables of

Jupiter, founded on the theory which has just been men-
tioned, as compared with obst^rvations made at Greenwich
from 1750 to 1830, and from 1S36 to 1S69, and with obser-

vations made at Paris from 1S37 to 1867.

Again, on November 9, 1874, he presented to th;

Academy a complete theory of Uranus. Already in 1S46,

in his researches which led to the discovery of Neptune,

M. Leverrier had given a very full investigation of the

perturbations of Uranus by the action of Jupiter and
Saturn. In the memoir just mentioned he gives a fresh

investigation, including a full treatment of the perturba-

tions of Uranus by the action of Neptune.

On December, 14, 1874, he presented a new theory of

the planet Neptune, thus completing the theoretical part

of the immense labours which he had undertaken with

respect to the planetary system.

Finally, on August 23, 1875, he presented to the

Academy the comparison of the theory of Saturn with

observations.

Such is a bare enumeration of the various labours for

which our science is already indebted to our illustrious

Associate.

That any one man should have had the power and
perseverance required thus to traverse the entire solar

system with a firm step, and to determine with the utmost

accuracy the mutual disturbances of all the primary
planets which appear to hive any sensible influence on
each other's motions, might well have appeared incredible

if we had not seen it actually accomplished.

I will now proceed to give a brief outline of the

investigations relating to the motions of the four larger

planets, with which we are now more particularly con-

cerned. The most important parts of these investigations

are printed in full detail in the volumes of Memoi7-s\s\aOt\

form part of the Annals of the Observatory of Paris.

As in his former researches, M. Leverrier here also

exclusively employs the method of variation of elements,

and the investigations are based on the development of

the disturbing function given by him, in the first volume
of the Annals of the Paris Observatory, with greater

accuracy and to a far greater extent than had ever been
done before.

The eighteenth chapter of M. Leverrier's researches,

which forms nearly the whole of the tenth volume of the

Memoirs^ is devoted to the determination of the mutual
action of Jupiter and Saturn, which forms the foundation

of the theories of these two planets.

These theories are extremely complicated, and I shall

endeavour briefly to paint out, and to explain as far as I

can without the introduction of algebraical symbols, the

nature of the peculiar difficulties which M. Leverrier has

had to encounter in their treatment, and which he has so

successfully overcome. These difficulties either do not

present themselves at all, or do so in a very minor degree

in the theories of the smaller planets.

First, then, the masses of Jupiter and Saturn are far

larger than those of the inferior planets, the mass of

Jupiter being more than 300 times and that of Saturn

being nearly 100 times greater than the mass of the earth.

For this reason it is necessary to develop the infinite

series in which the perturbations are expressed to a much
greater extent when we are dealing with Jupiter and
Saturn than when we are concerned with the mutual dis-

turbances of the inferior planets. Also Jupiter and
Saturn arc so far removed from these latter planets that

the disturbances which they produce in the motion of

these planets are extremely small, in spite of the large

misses of the disturbing bodies.

But the great magnitude of the disturbing masses is

far from being the only reason why the theory of the

mutual disturbances of Jupiter and Saturn is so compli-

cated.

Another cause wh'ch aggravates the effect of the

former is the near approach to commensurability in the
mean motions.
Twice the mean motion of Jupiter differs very little

from five times that of Saturn. In other words, five

periods of Jupiter occupy nearly the same time as two of
Saturn, so that if at a given time the planets were in con-
junction at certain points in their orbits, then after three
synodic periods they would be again in conjunction at
points not far removed from their positions at starting.
Hence, whatever uncompensated perturbations may have
been produced in the motions of the two planets during
these three synodic periods will be very nearly repeated
in the next three synodic periods, and again in the next
three, and so on.

Hence the disturbances will go on accumulating in
the same direction during many revolutions of the two
planets, and will become very important. The inequalities
of Jong period thus arising will affect all the elements of
the orbits of the two planets ; but the most important
are those which affect the mean longitudes of the bodies,
since these are proportional to the square of the period
of the inequalities, whereas the inequalities affecting the
other elements are proportional to the period itself.

The principal terms of the inequalities of mean longi-
tude are of the third order, if we consider the excen-
tricities of the orbits and their mutual inclination to be
small quantities of the first order.

Terms of the same period, however, and those far

more numerous and more complicated in expression,
occur among those of the fifth and of the seventh order
of small quantities, and I\L Leverrier has included these
terms also in his approximations.
But the circumstance which contributes in the highest

degree to cause the superior complexity of the theories of
the larger planets is the necessity, in their case, of taking
into account the terms which depend on the squares and
higher powers of the disturbing forces.

I will endeavour to point out the nature of these
terms and the manner in which they arise.

By the theory of the variation of elements we are
able to express at any given time the rate of variation of
any one of the elements in terms of the mean longitudes
and the elements of the orbits of the disturbed and the
several disturbing bodies. If this rate of variation were
given in terms of the time and known quantities, we
should at once find the value of the element for any
given time by a simple integration. But this is not the
case.

The method of variation of elements gives us not a
solution, but merely a transformation of our original
differential equations of motion. The rates of variation
are given in terms of the unknown elements themselves

;

and in order to find the elements from the equations so
formed, we must employ repeated approximations.

Let us consider this matter a little more particularly.

The terms which express the rate of variation of any
element may be divided into two classes

—

1. Those which involve the mean longitudes of one or
both of the planets concerned, as well as the elements of
their orbits.

2. Those which involve the elements only.

The first are called panodic terms, since they pass
from positive to negative, and vice versa, in periods com-
parable with those of the planets themselves. The second
are called secular terms, and vary very slowly, since the
elements on which they depend do so. Each of the terms
in the expression of the rate of variation of any element
will involve the miss of one of the disturbing bodies as a
fcictor. Hence, if all these masses be very small, all the
periodic inequalities of the elements will be likewise very
small, and we shall obtain a value of the rate of variation
which is very near the truth if we substitute for the com-
plete value of any element its value when cleared of
periodic inequalities. Then the periodic inequalities in
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the element under consideration may be found by direct

integration, supposing the elements to be constant in the

terms to be miegrated, and the mean longitudes only to

vary. Also the secular variation of the element con-

sidered, that is, the rate of variation of the element when
cleared of peiiodic inequalities, will be given by the secular

terms taktn alone. It the disturbing masses, however,

are not very small, this process is not sufticiently accurate,

and the peiiodic inequalities thus found can only be re-

garded as a first appro.ximation to the true values. In

order to find more correct values, we must substitute for

the elements in the second member of the equation their

secular parts augmented by the approximate periodic

inequaliiies before found.

Now, if in any periodic term we increase any element

by a periodic inequality depending on a different argu-

men^, t^at is, involving different multiples of the mean
longitudes, the result will evidently be to introduce new
periodic terms which will involve the square of one of the

masses or the product of two of them as a factor. Simi-
larly, if in any periodic term any element be increased by
a periodic inequality depending on the same argument,
the result will also introduce new terms of the second
order which do not involve the mean longitudes, and
which therefore constitute new secular terms. These will

be particularly important if the inequality in question be
one of long period. Also in the secular terms the result

of increasing any element by a periodic inequality will be
to introduce a new periodic term depending on the same
argument. Lastly, it should be remarked that in finding

the periodic inequalities of any element by integration of

the corresponding differential equation, we must take into

account the secular variations of the elements which were
neglected in the first approximation. The new terms thus
introduced, like the others which we have just described,
will evidently be of the second order with respect to the

masses.
If the disturbing masses be large, as in the case of the

mutual disturbances of Jupiter and Saturn, it may be
necessary to proceed to a further approximation, and thus

to obtain new terms, both periodic and secular, which
involve the cubes and products of three dimensions of the
masses. The number of combinations of terms which
give rise to these teims of the second and third orders is

practically unlimited, and the art of the calculator consists

in selecting those combinations only which lead to sen-
sible results. This is the chief cause of the great com-
plexity of the theories of the larger planets, and more
especially of those of Jupiter and Saturn.

M. Leverrier lays it down as the indispensable condi-
tion of all progress that we should be able to compare the
whole of the observations of a planet with one and the
same theory, however great may be the length of time
over which the observations extend. In order to satisfy

this condition, he develops the whole of his formula
algebraically, leaving in a general symbolical form all the
elements which vary with the time, such as the excen-
tricities, the inclinations, and the longitudes of the peri-

helia and nodes. He treats in the same way the masses
which are not yet sufficiently known.

All the work is given in full detail, and is divided as
far as possible into parts independent of each other, so
that any part may be readily verified. All the terms
which are taken into account are clearly defined, so that
if it should ever be necessary to carry on the approxima-
tions still further, it will be easy to do so without having
to brgm the investigation afresh. The whole work is

presented with such clearness and method as to make it

an admirab e model lor all similar researches.

After the development of the disturbing functions, and
the formation of -the differential equations on which the
variations of the elements depend, the first step to be
taken is to determme by integration of these equations

She periodic inequalities of the elements of the orbits of

Jupiter and Saturn which are of the first order with respect
to the masses. As we have already said, the expressions
of these periodic variations of the elements are given with
such generality that, in order to obtain their numerical
values at any epoch whatever, it is sufficient to substitute

the secular values of the elements at that epoch. The
calculation of the various terms under this general form is

very laborious, and it requires great and sustained atten-

tion in order to avoid any error or omission of importance.
On the other hand, by substituting from the beginning
the numerical values of the elements at a given epoch,
the calculation is rendered much shorter and admits much
more readily of verification ; but the result thus obtamed
only holds good for the given epoch, and is thus entirely

wanting in generality.

In the determination of the long inequalities of Jupiter
and Saturn, the approximation is earned to terms which
are of the seventh degree with respect to the excentricities

and the mutual inclination of the orbits. In the next
place the terms of the first order in the secular variations

of the elements of the orbits are determined. After this

the periodic inequalities of the second order with respect

to the masses aie considered. These are determined in

the same form as the terms of the first order, in order that

their expressions may hold good for any epouh whatever.

The formulae relating to these terms are necessarily very
complicated. The coefficient belonging to a given argu-

ment depends, in general, on a great number of terms
which are classed methodically. Next are determined
the terms of the second order in the secular variations of

the elements of the orbits. Afterwards, M. Leverrier

takes into account the influence of the secular inequali-

ties on the values of the integrals on which the periodic

inequalities depend. The last part of this chapter is

devoted to the completion of the differential expressions

of the secular inequalities by the determination of certain

secular terms in the rates ol variation of the excentricities

and the longitudes of the perihelia, which are of ttie third

and fourth orders with respect to the masses.

{To be COmilined.)

NOTES
We record with sincere regret the death of Prof. Alphonse

Oppenheim.at Hastings, on the I7tliin3t. ; he died by his own hand

through grief at the death of his wife. Prof. Oppenheim is well

known for his numerous researches in organic chemistry. Foi merly

one of the professors of chemistry at tte University of Berlin,

he only a few months ago, as we recorded at the lime, had

accepted the chair of chemistry at the University of Miinster, in

Westphalia. Prof. Oppenheim was a frequent contributor to

this journal, and was much esteemed by a large circle of friends

in England.

The death is announced, 'on the 17th insf., at the age of

seventy-seven, of Mr. W. IL Fox Talbot, F.R.S., the inventor

of the photographic process known as Talbotype, a name latterly

merged in the general name photography. Mr. Talbat was a

man of varied attainments and manifold work. He was educated

at Harrow and Cambridge, where he distinguished himself as a

Greek scholar: He took a delight in chemistry, and it was in

1833 that he seems to have conceived the idea of inventing some
process by which the beautiful pictures exhibited in a camera

lucida could be impressed and rendered permanent. He and

Daguerre seem to have brought their several processes to a satis-

factory result almost simultaneously, though Daguerre was the

first to announce his process, in 1839. Mr. Talbot lost no time

in communicating to the Royal Society the details of his own
process, though it was not till 1840 that he made the discovery

which " laid the foundation of the photographic art in its present

form." In 1842 Mr. Talbot was presented with the gold medal

of the Royal Society. He did not patent his discovery, but on
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account of its great value and many uses, freely gave the benefit

of it to the public. In subsequent years Mr. Talbot published

various modifications and applications of his process, but latterly

he had turned his attention to quite a different field, publishing

various works on antiquarian, classical, and linguistic subjects.

We have received from our correspondent a full report of the

meeting of the German Association at Munich, with important

addresses by Prof. Haeckel, " On the Evolution Theory at the

Present Day," and by Prof. Nageli, on the " Limits of Natural

Knowledge." Pressure on our space compels us to defer this

report till ne.\t week.

Prof. J. E. Hilgard, assistant in charge of the United States

Coast Survey, has been offered the directorship of the new

International Bureau of Weights and Measures in Paris. Prof.

Hilgard is one of the excursion party which includes Sir J. D.

Hooker, Prof. Asa Gray, and Dr. Hayden.

The second biennial meeting of the International Congress of

Americanists for the discussion of all matters relating to American

archaeology, philology, ethnology, and pre-Columbian antiquities

generally, was held at Luxemburg on September 10-13. There

was a numerous attendance of delegates from all parts of the

world. Many papers were contributed to the Congress. Dr.

Leemans, Prof. Leon de Rosny, Abbe Pipart, and M. Madier

de Montjan, read papers upon primitive American civilisation,

and especially picture-writing and hieroglyphics. Several

Americans sent communications relative to the mound-builders

of the Mississippi valley and the Pueblo Indians of New Mexico
;

amongst these Messrs. GiUman, of Detroit, Michigan (so well

known for his discoveries amongst the burial mounds there).

Force, of Cincinnati, and Moody, of Illinois, may be specially

mentioned. Dr. Rink contributed a valuable paper upon the

primitive habitat of the Esquimaux, maintaining, in opposition

to the usual belief, that they came from the interior of America,

Messrs. Hyde Clarke and F. A. Allen, of London, contributed

essays upon the wider aspect of the question, seeking to trace

the civilisation of the primitive races of the New World to a

fountain-head in Asia. A valuable paper from M. Lucien Adam
furnished a detailed analysis of the grammar of sixteen Indian

nations ranging from Lake Athabasca to the Llanos of Brazil.

It was resolved by the Congress to memorialise the South Ame-
rican Governments to take steps to preserve authentic records of

the language and customs of all small Indian tribes likely soon

to become extmct. Throughout the Congress great interest was

manifested by the inhabitants in the important subjects dis-

cussed, and the visitors were most hospitably entertained by the

burj^omaster and municipality at a final banquet on Thursday,

the 13th, upon which occasion congratulatory ^telegrams were

received from the King of the Netherlands and from Prince

Henry, the Governor of the Grand Duchy. It has been decided

to hold the third Congress in 1S70, at Brussels, when it is hoped

the attractiveness and convenience of the locality will induce a

larger attendance. The proceedings will be published as soon

as possible, and are expected to fill three volumes of 600

pages each.

The value of the work accomplished by Mr. Stanley, who

reports himself on August 10 from Emboma, near the mouth of

the Congo, will be universally acknowledged,' and there can be

but one opmion as to the rank he will hold among geographical

explorers. He has solved one of the few great geographical

problems which remained for solution, and has performed a feat

which baffled even Livingstone's patient genius. Both Living-

stone and Cameron had to turn away from Nyangwe on the

Lualaba, in Manyuema, foiled in their desire to descend the

mysterious river ; had Stanley been equally scrupulous no doubt

the also would have had to submit to defeat. Determined, how-

ever, to trace the course of the river or meet with the fate of

Park, he tells us that partly by marching along the banks, partly

by sailing down the river, he traced the course of the Lualaba,

changing its name " scores of times," almost direct north from
Nyangwe to 2° N. lat., where it turns north-west, then west,

then south-west, until as it approaches the Atlantic coast it

becomes known as the Kwango or Zaire. Many cataracts had
to be passed, and at one of the last of them the remaining one of

the Pocock brothers was drowned. The breadth of the stream,

Mr. Stanley states, varies from two to ten miles, and in some
parts is choked with islands. If we consider Webb's Lualaba as

the main stream, then its origin must be regarded as the Cham-
beze rising to the west of Lake Nyassa, and under many names
flowing thence through Lake Bangweola, northwards through

Lake Moero, Kowamba, and
.
the reported Kamolondo by

Nyangwe to at least 2° N. lat., and thence south-west to the

Atlantic Ocean—a course with all its windings, nut far short of

3,000 miles. Its basin will thus be included between 32° E. and
the west coast of Africa, and 12" S. and 2° N. lat. Its aflSuents

are many, some of them very large. There is the Western
Lualaba with its many tributaries, probably the Casai, also with

numerous aflluents, and very possibly even the Ogovai may be

an offshoot from the lower Congo. Between 26° and 17° E.

the river has an uninterrupted course, descending thence by
about thirty falls and rapids to the great river between the falls

of Yellata and the Atlantic. Livingstone heard of a large lake

with many islands many miles to the north of Nyangwe, and

this may simply be one of the ten-mile wide stretches referred to

by Mr. Stanley. Further details will be anxiously looked for,

but with our present information we must regard the Congo as

one of the largest and most important rivers on the globe. It

seems clear that Livingstone was mistaken in connecting the

Lualaba with the Nile system. The conduct of Mr. Stanley's

expedition it is not our business to criticise ; but it seems clear

that unless we were prepared to wait for an indefinite period

the solution of this important problem and the opening up of

undiscovered Africa to commerce and science and civilisation,

some pioneer must sooner or later have forced his way through

the tribes along the route taken by Stanley. This addition to

knowledge has been achieved with much suffering and loss of

life, though it seems probable that the many " battles " reported

to have been fought may turn out to have been exaggerated in

their details. Mr. Stanley was to proceed from Emboma to

Cabinda, and thence to St. Paul de Loanda, so that we may soon

expect to be able to welcome him home.

In ,speaking of the famine in Madras the Times Madras
correspondent, under date August 29, writes as follows :

—" I

have not seen Mr. Pogson, the Government astronomer, very

lately, but I am informed that he has indicated to the Govern-

ment the probability of the coming north-east monsoon being

a failure also, as the intensity of the solar heat continues

unabated. If this be so it is quite impossible to say what the

subsequent months will bring forth. The possibility of a great

catastrophe such as the failure of seasonal rains at the end of two

seasons of scarcity and famine is too horrible to contemplate ;

but it is in accordance with the history of former famines and

the conclusions of scientific men, that rainy seasons in the

tropics should be abnormal under the influence of the intense

solar heat and the absence of 'spots' on the sun." It is a pity

that positive statements like this should be published without

reference to any data on which they are based. Had obser-

vations on the monsoons been carefully made, tabulated, and

worked out for many years past, it would be possible to predict

with something like certainty the character of the coming

monsoon.

Dr. Matthews Duncan, of Edinburgh, is to succeed Dr.

Grcenhalgh at St. Bartholomew's.
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Dr. William Stirling has been appointed to the chair of

physiology in the University of Aberdeen.

The Aiiicrkan Journal of Pure and Applied Mathematics, the

New York Nation states, will appear quarterly, beginning with

January, 1S78. The form will be quarto, and 3S4 pages will

constitute a volume. The associate-editor in charge is Dr. W.
E. Story, Johns Hopkins University, Baltimore.

At the Social Science Congress which has been meeting in

Aberdeen during the past week, there were very few papers of

strictly scientific interest. Among papers in the Educational

Section was one by Prof. Bain on Competitive Examination for

Public Appointments. In their choice of subjects the Civil

Seiv'ce Commifsiorers had, he remarked, been guided by the

received branches of education in the college and schools, but

after an inquiry into the essential nature of the subjects, he

ariived at the conclusion that the sciences and not the languages

were the proper subjects for competition. Other languages than

our own were only of secondary utility. He expressed surprise

at our intense conservatism in the matter of languages. There

were according to him three great regions of study that should

be fairly represented by every successful candidate— first, the

sciences as a whole ; secondly, English composition ; and thirdly,

institutions and his'ory, with perhaps literature. These he

would fix as a minimum. Sir Alexander Grant, principal of

the Edinburgh University, read a paper en the Best Means of

Securing a High Standaid of Education. He considered a

revision of the code, in order to remjve the inequality in which

classics and mathematics stood in relation to science in the

"specific subjects," and a leconstruction of the normal school

system to be necessary. Dr. Brown, of Haddington, read a

paper in which he advocated the establishment of schools of

forestry in Great Britain, in view of the fact that all candidates

for ac'mission to the department of the Indian Civil Service

which had to deal with this matter, had to pass an examination

which they at present could only qualify themselves for by going

to France or Germany for the instruction. Something of this

kind was being attempted in connection with the botanic gardens

of the Edinburgh University, where ground had now been

acquired for an arboretum.

Some of our readers may like to know that, as might have

been expected, the three rhinoceroses now exhibited in the

Alexandra Park are specimens of the African Black Rhinoceros

{Rhinoceros I'icornis), This species is extremely uncommon in

menageries, and we have heard of no other in this country except

the fine adult male now livirg in the Zoological Society's Gardens

in Regent's Park. The three specimens above referred to are all

young, a pair being about eighteen months old, and the other a

male not more than a year old. In the larger specimens the

posterior horn is much smaller than that upon the nose, whilst

in the young male its existence is only indicated by a slight

rugosity. The late development of the posterior horn is of

particular interest, as it shows that the growth of this dermal

appendage is a secondary phenomenon, which makes it not

surprising that there may be causes which result in it attaining a

greater size than usual, as it does in the so-called distinct species,

X. keitloa, in which the only characterising feature is its large

posterior horn.

It is perhaps a fortunate thing that our great politicians, like

the Chancellor of the Exchequer and Mr. John Bright, are

beginning to concern themselves in their public .addresses with

science as well as art. With reference to Mr. Bright's recent

address, as the Times remarks, if his hearers complain tha

they have not been told much about either science or? art,

we can only say that we agiee with them, and that we deplore

our common loss. In the coming time it is to be hoped that

public speakers, like Mr. Bright, will know better what science

really is than they seem to do now.

It is stated that the Italian Government has authorised two

officers of the Royal Navy to take part in the Polar expedition

which the Swedish Government is fitting out.

The Gaulois states that^M. Duruof, the balloonist, has been

engaged by the Russian Government to organise an aeronautical

service for the Danube array.

The last field meeting of the Woolhope Naturalists' Field

Club for the year will be held at Hereford, for a foray among
the funguses, on Thursday, October 4. M. Maxime Cornu, ot

Paris, is expected to be present. An exhibition of funguses,

apples, and pears will be held in the museum room at the Free

Library. The fungus foray will be made on the Whitfield

Lawns, by the kind permission of the Rev. Archer Clive.

Carriages will leave the Free Library at 10 A.M., to return there

^y 3- 3°- ^ meeting of the members will be held on the return,

in the Woolhope Room, for the election of officers for the ensuing

year, and for the transaction of the ordinary business of the club.

After dinner, or in the course of the evening, the following among
other papers will be given:—A Report on the Progress of

Mycology during the Year, by Dr. Bull ; a Report on the Pro-

gress of " The Herefordshire Pomona," by the Rev. C. H.

Bulmer ; "On a Fossil Fungus {/^'//«h/«) with Zoospores in

situ, belonging to the Palaeozoic Epoch," by Worthington G.

Smith, F.L.S. ; and if time permit, a paper " On the Mosses of

Herefordshire," by the Rev. Augustin Ley.

At a meeting of the Linnean Society of New South Wales,

on March 26, 1S77, Mr. E. P. Ramsay read a "Note of a

Species of Echidna
(
Tachyglossiis) from Port Moresby, New

Guinea," in which he described a fine and apparently full-grown

male Echidna from that locality, applying to it the specific name
lazvesi, after its discoverer, Mr. Lawes, who had given the speci-

men to the Museum at Sydney. Mr. Ramsay's description has

been published in the Proceedings of the above-named Society,

and is accompanied by a plate representing the head and fore-

part of the animal and one of the hind feet, of the natural size.

Unfortunately no diagnosis is given whereby the differences

between this New Guinean form and the two long-known species

of Australia and Tasmania are made plain ; but as that gentle-

man is doubtless familiar with both of them, we may take his

word for it that Tachy^lossits lawesi is a good and distinct

specie^;. Its distinctness from the other New Guinean form, T.

bruijni, is manifest.

It has been proposed by a correspondent of the N'ew York

7>/^«H^ to give the names of Romulus and Remus to the two

satellites of Mars.

We understand that the Council of the Working Men's

College, Great Ormond Street, have arranged for the ensuing

session a series of lectures in connection with the Science and

Art Department upon Human Physiology. The lectures will

be delivered on Friday evenings by Mr. Thomas Dunman, and

will commence on October 5.

At the meeting of the Birmingham Natural History Society

on the iSth inst. Mr. W. R. Hughes, F.L.S., gave some account

of the recent dredging excursion of the Society to Arran. He
described how the idea of such an excursion took shape, and

gave an interesting account of the numeious finds of the party,

mainly in Lamlash Bay, where, of course, it was not to be

expected that anything new was to be found. Still, many of th

forms obtained were of great interest, and the members present

gained much solid insiruction by being able to examine speci-

mens fresh from their native habitat. Other societies would do

well to imitate this enterprising Birmingham association; indeed

it might not be a bad idea for several societies to club together
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and carry out a similar excursion on a more extended scale. Dr.

Marshall described the echinoderms, molluscs, annelids, and
crustaceans taken.

Prof. Palmieri has noteJ for the present year threat

anomalies of temperature. The degree of heat observed at the

Vesuvius Observatory is unprecedented, having reached 34° C,
and the mercury has fallen as low as — 7° C. This low tempe-

rature has never been reached once before, even in January and

February, in the twenty-five years during which the observatory

has been established.

The Emperor of Brazil has formed a commission charged with

the determination of geographical positions in the empire, and

the first work of this commission is just published. It contains

an account of the determination of the longitude and latitude of

Barra de Pirahy. Geodesic operations are continued for

localities situated on tlie prolongation of the Santos railway, and

also on the parallel ( 10° in length) destined to join Rio to the

great meridian of the empire, which will be measured by the

commission.

/)»> A&/«>- of September 1 7 contain ; an interesting collection

of some of the myths and stories which constitute the folk-lore of

the Australian aborigines.

In the Anthropological Section of the Havre meeting of the

French Association M. Gustave Lagneau exhibited an ethno-

graphic map of France, on which lie has attempted to indicate,

in accordance with historical and ethnographical data, the

division, juxtaposition, superposition and mixture of the various

ethnical elements which have contributed to the formation of the

present population of the country.

Of the many natural history societies in the United States but

one, so far as is known, is composed almost emirely of Germans,

the proceedings of which are published in the German language.

This is the Naturhistorisches Vtrein, of Milwaukee, Wisconsin,

of which the annual report for 1S76-77 has just been published.

This society is organised in five sections—zoology, botany,

mineralogy, geology, and ethnology—holds regular meetings, and

has quite a large active membership.

A GENERAL inventory has been taken by the French ministry

of all the public libraries of France. More than 200 towns

have been found to possess each a library numbering from

10,000 to 20,000 volumes.

A Swedish paper just received publishes an interesting article

under the heading, *' \Yhy is the Climate of Europe growing

Colder?" The article states that in the Bay of Komenok,

near Koma, in Greenland, fossil and very characteristic remains

of palm and other trees have been discovered lately, which tend

to show that in these parts forme'ly a rich vegetation must have

existed. But the ice period of geologists arrived, and, as a con-

sequence of the decreasing temperature, this fine vegetation was

covered with ice and snow. This sinking in the temperature,

which moved in a southerly direction, as can be proved by geo-

logical data, i.e., the discovery of lossil filants of certain species,

seems to be going on in our days also. During the last lew

years the ice has increased far towards the south ; thus between

Greenland and the Arctic Sea colossal masses of ice have accu-

mulated. On European coasts navigators now frequently find

ice in latitudes where it never existed before during the summer
months, and the cold reigning upon the Scandinavian peninsula

this summer results from the masses of ice which are floating in

the region where the Gulf Stream bends towards our coasts.

This is a repetition of the obser\'ations made in the cold summer
of 1S65. The unaccustomed vicinity of these masses of ice

has rendered the climate of Iceland so cold that corn no

longer ripens there, and the Icelanders, in fear of a coming

famine and icy climate, begin to found a new home in North
.-Vmeiica.

Prof. Nordenskjold's voyages seem to have been of service

in o < ning up a sea-route to Siberia for commerce. A vessel

heloniing to M. SidorofT, Capt. Schwanenberg, arrived at Vardo
on September 16, after a passage of twenty-one days from the

mouth of the Yenisei ; and the steamer Trazer, belonging to

M. Sibiriakoff, Capt. Dahlmann, which sailed from Bremen on

July 28 for the mouth of the Yenisei, returned to Hammerfest on
September 24.

A FIRE in Washington has destroyed the greater part of the

Patent Oflice Museum, with thousands of patent models, many
of great value.

We notice among Messrs. Churchill's announcements for the

forthcoming season : "A Handbook of Analysis of Water, Air,

and Food, for the Medical Officer of Health," by Cornelius B.

Fox, M.D., M.R.C.P., Medical Officer of Health for Central,

East and South Essex; "Parasites: an Introduction to the

Study of the Entozoa of Man and Animals, including some Ac-
count of the Ectozoa," by T. Spencer Cobbold, M.D., F.R.S.,

F. L.S., Professor of Helminthology in the Royal Veterinary

College ; and a "Student's Guide to the Anatomy of the Joints,"

by Henry Morris, M.A., M.B., F.R.C.S., Assistant-Surgeon to

and Lecturer on Anatomy at the Middlesex Hospital.

The additions to the Zoological Society's Gardens during the

past week include a Grivet Monkey (Cercopithecus griseoviridis)

from West Africa, a Nisnas Monkey {Cercopithecus pyrrhonotus)

from Nubia, presented by Mr. W. D. James ; a Green Monkey
[Cercopithecus callilrichns) from West Africa, presented by Mr.

W. W. Stead ; a Macaque Monkey (Macacus cynomoli^ns) from

India, presented by Mr. J. F. Greenwood ; a Capybara (Hydra

chmrus capybara) from South America, presented by Mr. W.
Smith ; a Peregrine Falcon (Falco perrgriims), European, an

African Buzzard {Buteo tachardus) from Africa, presented by the

Rev. W. Willimott ; a West African Python {Python s,b(e), a

Royal Python (Python regiiis) from West Africa, presented by

Mr. J. J. Kendall; a Coffin's Cockatoo (Cncatua g^ffini) from

the Fiji Isles, an Ariel Toucan (Ramfhaslos arid), a Maxi-

milian's Aracari (Pteroghssiis iviedi), two Blue-bearded Jays

(Cyonocorax cyanopogon), two West Indian Rads (Aramida

cayennensis) from South America, deposited ; two Upland Geese

(Bernicla magellanica) from the Straits of Magellan, three

Andean Geese (Bernicla melanopttra), two Slaty Coots (Fulica

ardesiaca) from Peru, purchased ; an Axi> Deer (Cervus axis), a

Yellow-footed Rock Kangaroo (Peiro^alc xanthopus), burn in

the Gardens.

THE DIRECT PROCESS IN THE PRODUCTION
OF IRON AND STEEL ^

T N mixing comparatively rich iron ore in powder, with about
^ twenty-five per ctnt. of its weight of pounded coal, and in

exposing this mixture lor some houis to the heat of a common
stove or of a smith's fire, n;etaliiciion is former^, which, onbeirg
heated to the welding point, on the same smith's hearth, may be

Jorged into a horse-shoe of excellent quality. The admixture

with the 01 e of some fluxing materials, such as lime or clay, will,

in most cases, be of advantage to rid the iron of adherent slag.

The simplicity of this process is such lh.at it naturally pre-

ceded the elaborate processes now in use for the production of

iron and steel upon a gigantic scale, nor can it surprise us to find

that attempts have been n ade from time to time down to the

present day, to revert to the ancient and more simple mett.od.

It can be sliown that iron produced by direct process is aliuost

chemically pure, although the orts and reducing agent employed

may have contained a considerable percentage of phosphorus,

' Some Further Kemarks regarding the Production of Iron and Steel bv
Direct Process Paper read at the Ne»ca»tle Meeting of the Iron and
Steel Institute, hj- C. Will.am Siemens. D.C.L . F.R.S., President.
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sulpliur, and silicon, and that, if freed from its adherent slaj, it

furnishes a material superior in quality and comnercial \alue to

the ordinary iron of commerce.
The practical objections to the direct process, as practised in

former days, and as still used to a limited extent in the United

States of America and in some European countries, are that—

•

1. Very rich ores only are applicable, of which about one-half

is converted into iron, the r^moinder being lost in forming slag.

2. The fuel used is cliarcoal, of which between three and four

tons are used in producing one ton of hammered blooms.

3. Expenditure of labour is great, beinij at the rate of thiity-

Ihree men, working twelve hours, in producing one ton of metal

(see Percy). Iron produced by direct process in the Catelon

forge is therefore expensive iron, and could not compete with

iron produced by modern processes except for special purposes,

such as furnishing melting material for the tool steel melter.

But, it may be asked, could the advantages of the direct

process not be combined with those of modern appliances for the

production of pure and intense heats, and for dealing with

materials in large masses, without expenditure of manual labour,

and cannot chemistry help us to larger yields and the faculty of

using comparatively poor and impure ores ?

A careful consideration of these questions led me to the con-

clusion, some years ago, that here was a promising field for the

experimental metallurgist, and that I possessed some advantage

over others in the use of the regenerative gas furnace as a means
of producing the requisite quality of heat without the use of

charcoal and blowing apparatus. I engaged, accordingly, upon
a series of experimental researches at my sample steel works, at

Birmingham, and, in 1S73, I had the honour of submitting the

first fiuits of these inquiries to the Iron and Steel Institute, in a
paper entitled " On the Manufacture of Iron and Steel by Direct

Process." Encouraged by the results I had then obtained, I

ventured with some others upon some larger applications, the

principal one of which has been one at Towcester, in

Northamptonshire.
Viewed by the light of present experience, it would have

been wiser to have fixed upon another locality with fuel, skilled

labour, and better ores within easy reach ; but in extenuation of

the error committed, it may be urged that' the site was fixed by
force of circumstances rather than by selection, the chief tempta-
tion being an ample supply of small Northamptonshire ore at a
very low cost. It was, however, soon discovered that this ore,

although capable of producing iron of good quality, was too

poor and irregular in quality to yield commercial results unless it

was mixed with an equal weight of rich ore, such as pottery

mine, Spanish ore, or Rollscale, all of which, as well as the

fuel, are expensive at Towcester, owing to high rates of carriage.

It IS in crinsequence of these untoward circumstances that the
works at Towcester have not been completed by the addition of

roUmg mills, the intention being to transfer the special machinery
ultimately to existing ironworks when the process has been
sufficiently matured for that purpose.
The Towcester Works were vi>i!ed, in the autumn of last year,

by two eminent met illurgists. Professors von Tunner, of Leoban,
and Akermmn, of Sweden, who have published the results of their

observations in separate reports ' The results noted down by Mr.
von Tunner are relerret to by our past-presidvint, Mr. I. Lowthian
Bell in hi~ paper on the " Separation of Carbon, &c.," which was
read in March l)St, and will be discussed at the Newcastle meet-
ing. The criti-i.-ms contained in these publications are conceived
in the fairest possible spirit, and form indeed a most valuable
record of the progress achieved up to that time, but they furnish

me with an inducement to break silence sooner than I had in-

tended, reg.irdrng the further progress which has been effected,

and the conclusions I am risposed to draw from past experience
regarding the direct process of the future.

The lealing idea which (.uidcd me in these was to operate
upon such ndxture^ ol ore-, fluxe^, and reducing agents as would,
under the ii fluence of intense heat, resolve themselves forthwith
into metallic iron and a fluid cinder, differing es^eitially from the
methods pursued by Chenat, Guilt, Blair, and others, who pre-
pare spongy metal in the hrst place by a slow proce^s which is

condensed into malleable iron or steel by after-processes, but
assimilating to some extent to the process fir.-t proposed by Mr.
Wm. Clay. In n.y pai er of 1873 I described two moi-es of
effecting mv purpo-.c, the one by means of a stationary, and the
other by means ..( a rotative furnace chamber, the foiniei being
applicalde chiefly wheie compaiativcly rich ores are available,

and the latter for sucii poorer ores as o^cur near Towcester.
* Das Eisenhuttenwesen von L. Ritter von Tunner, Wien. 1870.

At the Towcester Works three rotative furnaces have been
erected, two of them with working drums seven feet in diameter
and nine feet in length, and the third of smaller dimensions.

The gas flame both enters and passes away from the back end
of the furnace, leaving the front end available for the furnace

door, which is stationary. The ends of the furnace chamber are

lined with Bauxite bricks, and the circumference with ferrous

oxides, resulting from a mixture tif furnace cinder enriched with
roll scale or calcined blackband in lumps. About 30 cwt. of

ore mixed with about 9 cwt. of smiU coal having been charged
into the furnace, it is made to rotate slowly for about two and a
half hours, by which time the re^iuction ol the metal should be
completed, and a fluxed slag be formed of the earthy constituents

containing a considerable percentage of ferrous oxide. The slag

having been tappeif, the heat of the furnace and the speed of

rotation are incrca-e 1 to facilitate the formation of balls, which
are in due course taken and treated in the manner to be presently

described.

These balls contain on an average seventy per cent, metallic
iron and thirty per cent, of cinder, and upon careful analysis it

is found that the particles of iri'ir, if entirely separated from the

slag, are pure metal, although the slag may contain as much as

six per cent, and more of phosphoric acid, and iioai one to two
per cent, of sulphur. In shingling those balls in the usual man-
ner the bulk ot the cinder is removed, but a sufficient residue

remains to impart to the fracture a dark appearance without a
sign of crystalline fracture. The metal shows in being worked
what appears to be red shortness, but what should be termed
slag shortness. In repiling and reheating this iron several times
this defective appearance is gradually removed, and crystalline

iron of great purity and toughness is produced, but a more ready
mode of treatment was suggested by Mr. Samuel Lloyd, one of

my co-directors in the Towcester Company, in reverting to the

ancient refinery or charcoal hearth. The balls as they came
from the rotator are placed under the shingling hammer and
beaten out into flat cakes not exceeding an inch in thickness.

These are cut by shears into pieces of suitable size and formed
into blooms of about 2 cwt. each, which are consolidated under
a shingling hammer and rolled into bars.

The bars have been sold in Staffordshire and Sheffield at prices

varying from 7/. to 9/. per ton, being deemed equal to Swedish
bar as regards toughness and purity.

It may therefore be asst-rted as a matter of fact that iron and
steel of very high quality may be produced from ores not supe-
rior than Cleveland ores by direct process, but the question
remains at what cost this conversion can be effected. The ex-

perimental works at Towcester aie, iinf irtunalely, not sufficiently

complete to funish more than the elements upon which the
question of cost may be deiermined, the principal reasons being
that the one reheating furnace and a 30 cwt. hammer at the
works are not sufficient to deal with the iron produced by the
three rotators, that the iron has to be finished at a rolling-mill

elsewhere, and that transports weigh heavily upon the cost of
production. The principal factor in the calculation of cost is

unquestionably the rotator. [A table furnishes the working
result of eighteen consecutive charges as taken from the charge-
book.] The mixture of ore consisted for each charge ol 12 cwt.
of Towcester ore (containing about 38 per cent, metallic iron)

mixed with 8 cwt. of calcined Great Fenton ore, i cwt. of tap
cinder, I cwt. of limestone, and 6J cwt. of small coal. The
time occupied for each charge was three hours fifiy-seven minutes,
or say four hours, and the yield of hammered blooms was on an
average 6 cwt. 2qrs. 13 lbs., whereas the metal contained in each
charge amounted (by estimate) to 9 cwt., showing a loss of 25
per cwt. Tnis loss is, however, partially recovered in using a
portion of the cinder again in succeeding charges, but the pro-
portion of cinder that may be used again with impunity depends
upon the amount of impurities, namely, ol phosphorus, sulphur,
and alumina Contained m the ore. The coal used in the pro-
ducers amounted to two tons per ton of hammered blooms
produced, and in pricing the materials used and labour enga"cd
upon the work, the table—prepared by the manager at the
works—gives 3/. Sj. as the cost per ton of hammered bloon.s.
To this must be added for re|iairs and general expenses, and the
cost of rolling the hammered blooms into bars, which in the case
of Towcester practice are very heavy, but of which an experienced
iron-master would form his own estimate. The cost of working
the metal in the hollow fires is also not included, and this may
be taken to add Irom 25J. to 30J. to the ton. The refined iron
so produced will, therefore, cost from 5/. 5^. to 5/. lOs. per ton.

Other tables give tlie analysis of irons produced from various
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descriptions of ores, and Kirkaldy's tests of the mechanical
properties of the iron ; but it should be understood that these

tests were taken with a view rather to test various modes of

manufacture than to show high results. Only a small proportion

of the samples had been subjected to the refinery process, and
the variable percentage of phosphorus may be taken really as

indicative of the extent to which the cinder had been removed
from the metal.

Another table gives the analysis of slags produced in the procesp.

These are, no doubt, rich in iron, but it mu^t be remembered
that in the case of comparatively pure ore they c?n be used

almost entirely in succeeding charges, and that in the case of

ores containing much sulphur and phosphorus they are the

recipients of those impurities— in the same way as the puddling

cinder carries off the same impurities in the puddling farnace

—

and thus serve .a useful end.

If rich cre.=, such as hematites, are available, it is more
advantageous to use a stationary furnace and to modify the pro-

cess as follows :

—

A mixture of pulverulent ore mixed with a suitable proportion of

fluxing materials and reducing agent is prepared, and from four to

five Ions of it is charged from a charging platform into the heated

chamber to the depth of some twelve to fifteen inches. But before

charging the mixture some coke dust or anthracite powder is

spread over the bottom and sides of the chamber to protect

the silica lining of the same. The heat of the furnace is there-

upon raised to a full welding heat, care being taken that the

flame is as little oxidising as possible. The result is a powerful

superficial action upon the mixture or batch, causing simultaneous
reduction of the ore and fusion of the earthy constituents. In

the course of two hours a thick skin of malleable iron is formed
all over the surface of the mixture, which, on being withdrawn
by means of hooks, is consolidated and cleared of cinder under
a hammer, and rolled out in the same heat into rough sheets or

bars, to be cut up and finished in the refinery furnace or charcoal

hearth. Une skin being remove^, the furnace is closed again,

and in the course of an hour and a half another skin is formed,

which, in its turn, is removed and shingled, and so on until,

after three or four removals, the furnace charge is nearly

exhausted. A fresh charge is then added, and the same operation

continued. Once every twelve hours the furnace should, however,

be cleared entirely, and the furnace lining be repaired all round.

The shingled metal so produced forms an excellent meltin;;

mater al for the open-hearth or Siemens-Martin process ; but if

ores both rich and free from sulphur and phosphorus are used,

together with roll and hammer scale, which forms an admirable
admixture, I simplify the process still further in causing the

fusion to take place in the reducing furnace.

The furnace having been charged with say five tons of

batch, the heat is allowed to ply on it for four or five hours, when
about two tons of hematite pig iron are charged upon the sur-

face by preference in a heated condition. The pig metal on

melting constitutes a bath on the surface of the thick metallic

skin previously formed, and gradually dissolves it on the surface

while it is forming afresh below, and in the course of from three

to four hours the who^e of the materials charged are rendered

fluid, consisting of a metallic hath with a small percentage of

carbon, covered with a glassy slag containing about 15 per cent.

only of metalhc iron. The carbon of the bath is thereupon

brought down to the desired pomt of only about i per cent, of

carbon and spiegeleisen or ferro-marganese is added, and the

metal tapped in the usual manner. By these means the direct

process of making cast steel is carried to a further limit than I

have been able to accomplish before, and no difficulty has pre-

sented itself in carrying it into effect. The steel so produced is

equal in quality to that produced by the open hearth process as

now practised. It light scrap, such as iron and steel turnings or

sheerings, are available, these may be mixed with advantage with

the batch to increase the vieldof metal.

These are, in short, the more recent improvements in the

direct process of producing iron and steel which I have been
able to effect, and which I should have been glad to lay before

the Iron and Steel Institute in a more complete form than I am
able to do at the present time.

THE AMERICAN ASSOCIA TION A T
NASHVILLE

A S we have said already, while the Nashville Meeting of the
^*- American Associatiun could not be called a brilliant one,

most of the papers read were of substantial importance, and

show that a large amount of valuable scientific work is being
carried on in the United States. The number of visitors does
not appear to have been up to the usual mark, mainly, we believe,

on account of the great heat which prevailed at Nashville, but
among those present were many of the most prominent men of
science in America. The reception by the authorities of the
State and city was all that could be desired, and the arrange-
ments as to excursions, entertainments, and public lectures were
in every way satisfactory.

The Western Union Telegraph Company, which has a
Telegraphic Station in the building where the Association met,
ter.dered the use of its wires free for all members so far as related

to domestic affairs.

It is customary at the meetings of the American Association
for each of the vice-presidents to give a public lecture ; we give

a long abstract of the lecture by Prof. O. C. Marsh, the im-
portance of which cannot be overrated. We have already

referred briefly to Prof Pickering's paper on the Endowment of

Research. The first obstacle encountered, he said, was the opinion
widely maintained, even by scientific men, that the original

research of a country was natural, and that it was useless to try

to force it. We might as well say that music and art were
natural growths. What should we have of ancient art were it

not for the encouragement of many ancient rulers ? In later

dajs how would art and literature have thrived had it not been
for the support of the public in purchasing books, &c. With
the man of science it was different. There was generally little or
no pecuniary reward for his success. The consequence was he
was obliged to engage in some other occupation, generally
teaching, which still allowed a little time for research. If these

same men were allowed to devote their entire energies to

investigation, and were ?idtd by the necessary appliances, far

more would be accomplished. The solution of the matter was
organisation, the carryirrg out of a plan by whicii researches

should be rendered as systematic as the process of mechanical
arts. They had first tlie munificent bequest of one of the first

presidents of the Association. The inc )me of the Baclie fund
amounted to 2,000 dols. or 3,000 dols. Second was the
Rumford fund, originally intended for giving medals in light

and heat, but now largely apphed to aiding investigation in

these sciences. Besides these were many indirect aids ,

The paper then gave a plan of an in titution for making
researches : First, a president ; second, a corps of^ in^estigators

of acknowledged scientific ability ; third, a large corps of assist-

ants, whose duty it should be to carry out work laid out for

them ; fourth, workmen, such as mechanics. He then went on
to describe a building such as would be as perf ct as pos^ible for

the institution. It was useless to hope for architectural beauty,

as the effect would be spoiled by attachments made to the

exterior. No more common mistake was made than in wasting
money which should be used for equipment. They had too
many colleges with far too little endowment. Such an institu-

tion, added to a college, would prove of great advantage.
At a general evening meeting. Prof. Newcomb (president)

spoke at some length, extemporaneously, on the two recent im-
portant discoveries made by American men of science, viz., the

existence of oxygen in the sun, by Prof. Draper, and the
satellites of Mars, by Prof. Hall. At the same evening meeting
Prof A. R. Grote, of Buffalo, read a sketch of a scheme for an
international scientific service formed by the union of the various

civilised governments and national scientific societies, for the
carrying out of such scientific work as all the world is interested

in. Under the auspices of such an association **all extra-limital,

astronomical, geographical, and biological expeditions would be
fitted out and directed to those places which would be most
fruitful for the particular purpose."
Of the papers read in the various sections v/e are able, at

present, to give little else but the titles. In Section A, which
includes Mathematics, Astronomy, Physics, Chemistry, and
Mineralogy, the following, among other papers were read :

—

Oil a New Type of Steam Engine theoretically eapable of utilising

the full Mechanical Equivalent of Heat Energy, at'd on some
points of Theory indicating its Practicability, by Prof. R. H.
Thurston ; Mechanics of the Flight of Birds, by Mr. A.
C. Campbell. An interesting paper in this section by Prof.

Forshey, treated of The Physics of the Gulf of Mexico and
of its Principal Affluent the Mississippi ; the author brought
together many important data concerning what he s^yled "the
cis-Atlantic Mediterranean." Another paper in [this section by
Piof. Mendenhall, was On Measurement of the Wave-length of
the Blue Line of the Indium Spectrum.
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Among papers in Section B (Geology, Zoology, Botany, and

Anthropology! we notice the following as likely to prove of im-

portance :

—

7/ie Strticlure of Eruptive Ahwii/aiiis, by Prof.

Powell ; On Sex in Fltnutis, by Mr. Thos. Meehan ; On the

0) i^iiiai Conntction of thf Eas/ern and IVes/ern Coalfields of the

Ohio Vallty, On the Continuation of the Fields of the Alleghany

Chain to the North of the Delaware River, and On the Geogra-

phical and Geological Distribution of the Genus Bcatricea, and

of certain other Fossil Corals in the Rocks of the Cincimiati

Group, all by Prof. Shaler ; On the Classification of the Extinct

Fishes of the Lower Types, and On the Origin of Structural

Variation, by Prof. Cope ; A'otes on the Geology of the Rochy

Mountains, by Prof. Sterry Hunt ; Some Po/ular Errors con-

cerning the North American Indians, by Capl. Powell. In a

paper by tlie same autlior. On Overplacement, he asserted that

the effects of glacial action had been greatly over-estimated in

the western country, and that the " overplacement " in the

Mississippi Valley was due rather to the erosion of ihe atmo-

sphere, the rams of centuries, and the river.-. A curious paper in

this section was by a lady, Mrs. H. K. Ingram, On Atmospheric

Concussion as a Means of Disinjection, in which she confidently

advanced the idea, b.ised on the germ-theory of disease, that

by means of concussion produced by gunpowder explosion or

other effective method, cholera and other epidemic diseases could

be effectually prevented or dissipated. In a paper by Lieut.-Col.

Mallery, the author held that the Indians are not passing away ;

there are now in existence, he stated, 300,000 Indians, of

whom 50,000 are Sijux. Instead of decreasing with advancing

civiUsation, they are steadily increasing, and Col. Mallery be-

lieves that the native population of America, north of Mexico, at

the time of its discovery, has been widely over-estimated. Capt.

Powell agreed wiih Col. Mallery, and stated his conviction that

at the time of the discovery of America there were not more than

500,000 natives north of Mexico, while now in the States,

Canada, and Alaska there are about 400,000. As president of

the Sub-section of Anthropology, Prof. Daniel Wdson gave an
interesting address on Races in America, presenting a resume oi

the various theories that had tieen advanced with respect to

Americiin ethnology and the peopling of America, and giving

some wise advice as to how future researches ought to be con-

ducted. Another anthropological paper was on the Ong-in of
the Japanese, by a native of Tokio, Shuje I^awa, in which the

author came to the conclusion that the present Japanese are

descended from Hindoo conquerors.

No paper of general importance seems to have been read in

permanent Su^-section C (Chemistry), all of them, judging from

the titles, being on points mainly of manufacturing interest.

It was decided that the next meeting should be held at St.

Louis, and at the closing meeting an Education Committee was
appointed with a view to the introduction of science into the

schools of the country. Another committee was appointed to

report annually on the relations of science to the industrial arts,

and the following important resolution was passed in reference

to the Signal .Service Weather Reports :

—

"Resolved, that this Association most respectfully asks the

attention of Congress and the country to the great advances in

the science of meteorology and in the art of weather prediction,

which might be hoped for if the meteorological observations now
taken by the Army Signal Office, under the direction of the

Secretary of War, were made the subject of special research and
discussion by scientific experts.

"Resolved, further, that a committee of five members or

fellows be appointed by the President to represent this Associa-

tion before Congress as petitioners for such permanent and
liberal organisation of the meteorological service, that the

valuable material collected by it may be utilised in the manner
here suggested."

INTRODUCTION AND SUCCESSION OF
VERTEBRATE LIFE IN AMERICA '

'T^HE reptiles most characteristic of our American cretaceous
-' strata are the Mosasauria, a group with very few repre-

sentatives in other parts of the world. In our cretaceous seas

^ Abstract of a lecture delivered at the Nashville meeting of the American
, August 30, by Prof O. C. Marsh Continued from p. 450.

they ruled supreme, as their numbers, size, and carnivorous
habits enabled them to easily vanquish all rivals. Some were
at least sixty feet in length, and the smallest ten or twelve. In
the inland cretaceous sea, from which the Rocky Mountains
were beginning to emerge, these ancient "sea serpents"
abounded ; and many vvei-e entombed in its muddy bottom. On
one occasion, as I rode through a valley washed out of this old

ocean bed, I saw no less than seven different skeletons of these

monsters in sight at once. The mosasaurs were essentially

swimming lizards, with four well-develnped paddles, and they

had little affinity with modern serpents, to which they have been
compared.
The Crocodilia are abundant in rocks of cretaceous age in

America, and two distinct types are represented. The tertiary

marine beds of the Atlantic coast contain comparatively few
crocodilian remains, and all are of modern types, the genus
Guvialis having one eocene species, and the alligator being
represented only in the latest deposits.

It is worthy of special mention in this connection that no true

Lacertilia, or lizards, and no Ophidia, or serpents, have yet been
detectrd in .•\merican cretaceous beds ; although their remains,

if present, would hardly have escaped observation in the regions

explored. The former v.ill doubtless be found, as several species

occur in the mesozoic of Europe, and perhaps the latter,

although the 0|)hidians are apparently a more modern type. In
the eocene lake-basins of Western America, remains of lizards

are very numerous, and indicate species much larger than any
existing to-day.

The first American serpents, so far as now known, appear in

the eocene, which contains also the oldest European species.

The Ptirosauria, or flying lizards, are among the most inter-

esting reptiles of mesozoic time, and many of them left their

remains in the soft sediments of our inland cretaceous sea.

These were veritable dragons, hiving a .spread of wings of from
ten to twenty-five feet.

The strange reptiles known as Dinosauria, which, as we have
seen, were numerous during the deposition of our triassic shales

and sandstones, have not yet been found in .'Vmerican Jurassic,

but were well represented here throughout the cretaceous, and at

its close became extinct. These animals pos-ess a peculiar

interest to the anatomist, since, although reptilian in all their

main characters, they show clear affinities with the birds, and
have some features which may point to mammals. The cre-

taceous dinosaurs were all of large size, and most of them walked
on the hind feet alone, like modem struthious biids. Near the

base of our cretaceous formation in beds which I regard as the

equivalent of the European Wealden, the most giganic forms of

this Older yet discovered have recently been brought to light

One of these monsters (Titanosaurus tnontanus) from Colorado,

is by far the largest land animal yet discovered, its dimensions

being greater than was supposed possible in an an.mal that

lived and moved upon the land. It was some fifty or sixty feet

in length, and, when erect, at least thirty feet in height. It

doubtless fed upon the foliage of the mountain forests, portions

of which are preserved with its remains. With Titanosaurus

the bones of smaller dinosaurs, one (Nanosaurus) not larger th n
a cat, as well as those of crocodiles and turtles, are not uncom-
mon. The recent discovery of these interesting remains, many
and various, in strata that had long been pronounced by pro-

fessional explorers barren of vertebrate fossils, should teach

caution to those who decline to accept the imperfection of our

knowledge to-day as a fair plea for the supposed absence of

intermediate forms.

In the marine cretaceous beds of the west only a single

dinosaur [f/adrosautus a^ilii) has been found, but in the higher

fresh-water beds which mark the close of this formation their

remains are numerous, and indicate several w'ell-marked species,

if not genera.

The first appearance of birds in America, according to our

present knowledge, was during the cretaceous period, although

many announcements have been made of their existence in pre-

ceding epochs. The evidence of their presence in the trias,

based on footprints and other impressions is at present, as we
have seen, without value, although we may confidently await

their discoveiy there if not in older formations. Archiropteryx,

from the European Jura, the oldest bird known, and now for-

tunately represented by more than a single specimen, clearly

indicates a much higher antiquity for the class. The earliest

American forms at present known are the Odontorndhcs, or birds

with teeth, which have been exhumed within the last few years
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from the chalk of Kansas. The two genera Hesperoritis and
Ichthyortiis are types of distinct orders, and differ from each

other and from Archicopteyyx much more than do any exis'ing

birJs among themselves, thus showing that birds are now a

closed type, and that the key to the history of the class must be
sought for in the distant past.

In Hcsperoniis we have a large aquatic bird, nearly six feet in

length, with a strange combination of characters. The jaws are

provided with teeth, set in grooves ; the wings were rudimentary,

and useless, while the legs were very simdar to those of modern
diving birds. This last feature was merely an adaptation, as the

more important chaiacters are struthious, showing that Hesper-

ornts was essentially a carnivorous swimming ostrich. Ichthy-

oi-ms, a small flying bird, was stranger still, as the teeth were in

sockets, and the vt rtebras biconcave, as in fishes and a few rep-

tiles. Apafornis and all other allied forms occur in the same
beds, and probably all were provided with teeth. It is strange

that the companions of these ancient toothed birds shnuld have
been pterodactyls without teeth. In the lattr ere aceous beds

of the Atlantic coast various remains of aquatic birds have been
found, but all are apparently distinct from those of the west.

During the tertiary period birds were numerous in this country,

and all yet discovered appear to have belonged to modern types.

It is now generally admitted by biologists who have made a

study of the vertebrates, that biri^s have come down to us

through the dinosaurs, and the close affinity of the latter wdth

recent struthious birds will hardly be questioned. The case

amounts almost to a demonstration, if we compare, with dino-

saurs, their contemporaries, the mesozoic birds. The classes of

birds and reptiles, as now living, are separated by a gulf so pro-

found, that a few years since it was cited by the opponents of

evolution as the most important break in the animal series, and
one which that doctrine could not bridge over. Since then, as

Huxley has clearly shown, this gap has been virtually filled by the

discoverv of bird-like reptdes and reptilian birds. Compsogtialhus

and Arcluroptoyx of the old world, ^x\AIchthyornis and Hesperornis

of the ne^v, are the stepping-stones by which the evolutionist of

to-day leads the doubting brother across the shallow remnant of

th gulf once thought impassable.

It remains now to consider the highest group of the animal
kingdom, the class Mammalia, which includes Man. Of the

existence of this class before the trias we have no evidence,

either in this country or in the old world, and it is a signficant

fact that at essentially the same horizon in each hemisphere,
similar low forms of mammals make tfeir appearance. Although
only a few incomple'e S' ecinicns have been di-covered, they are

characteristic and well preserved, and all are apparently marsu-
pials, the lowe-t mamma ian group which we know in tiiis coun-

try, living or fossd. The American triassic mammals are known
at present only from two small lower jaws, on which is based

the genus Z); wOTP/ferK/w, supprjsed to be related to the insect-

eating Myrmccobiiis, now living in Aus'ralia.

Although the Jura of Europe has yielded other similar

mammals, we have as yet none of this class from that forma-
tion ; while, from rocks of cretaceous age, no mammals are
known in any part of the world.

In the lowest tertiary beds of this country a rich mammalian
fauna suddenly makes its appearance, and from that time through

the age of mammals to the present, America has been constanily

occupied by this type of liie in the greatest diversity of form.

Fortunately, a nearly continuous record of this life, as preserved,

is now accessible to U';, and ensures great additions to our know-
ledge of the genealogy of mammals, and perhaps the solution of

more profountl problems.

The boundary line between the cretaceous and tertiary in the
region of the Rocky Mountains has been much in dispute during
the last few years, mainly in consequence of the uncertain geolo-
gical bearings of the fossil plants found near this horizon. The
accompanying invertebra.e fossils have thrown little light on the

question, which is essentially whether the great lignite series of

the West is uppermost cretaceous, or lowest eocene. The
evidence of the numerous vertebrate remains is, in my judgment,
decisive, and in favour of the former view.

This brings up an important point in palaeontology, one to

which my attention was drawn several years since, namely, the
comparative value of different groups of fossils in marking geolo-
gical time. In examining the subject with some care, I found
that for this purpose plants, as their nature indicates, are most
unsatisfactory witnesses ; that invertebrate animals are much
better; and that vertebrates afford the most reliable evidence of

climatic and other geological changes. The sub-divisir.ns of the
latter group, moreover, and in fact all forms of animal life, are of
value in this respect, mainly ac<-ording to the perfection of their
organisation, or zoological rank. Fishes, for example, are but
slightly affected by changes that would destroy reptiles or birds,

and the higher mammals succumb under influences that the lower
forms pass through in safety. The more special applications of

this general law, and its value in geology, will readily suggest
themselves.

The evilence offered by fossil remains is, in the light of this

law, conclusive, that the line, if line there be, separating our
cretaceous from the tertiary, must at present be rirawn where
the dinosaurs and other mesozoic vertebrates disappear, and are
replaced by the mammals, henceforth the dominant type.

It is frequenily asserted, and very generally believed, that the
large number of huge Edentata which lived in North America
during the post-pliocene, were the results of an extensive migra-
tion from South America soon after the elevation of the Isthmus
of Panama, near the close of the tertiary. No conclusive proof
of such migration has been offered, and the evidence it seems to
me, so far as we now have it, is directly opposed to this view.
No undoubted tertiary edentates liave yet been discovered in

South America, while we have at least two species in our miocene,
and during the deposition of our lower pliocene large individuals

of this group were not uncommon as far north as the forty-third

parallel of latitude, on both sides of the Rocky Mountains. In
view of these facts and others which I shall lay before you, it

seems more natural to conclude from our present knowledge that

the migration which no doubt took place was from north to south.
The edentates finding thus in .South America a congenial home
flourished greatly for a time, and, although the larger forms are
now all extinct, diminutive representatives of the group still

inhabit the same region.

The ungulates are the most abundant mammals in the tertiary,

and the most important, since they include a great variety of
types, some of which we can trace through their various changes
down to the modified forms that represent them to-day. Of the
various divisions in this comprehensive group, the perissodactyle,

or odd-toed ungulates, are evidently the oldest, and throughout
the eocene are the prevailing forms. Although all of the
peiissodactyles of the earlier tertiary are more or less generalised,

they are still quite distinct from the artiodactyles, even at the
base of the eocene. One family, however, the CoryphoJoHlid^e,
which is well represented at this horizon, both in America and
Europe, although essentially Perissodactyle, possesses some
characters which point to a primitive ungulate type from which
the present orders have been evolved. Among these characters
are the diminutive brain, which in size and form approaches that

of the reptiles, and also the five-toed feet from which all the
various forms of the mammalian foot have been derived. Of
this family, only a single genus, Coryphodon [Bathmodon], is

known, but there were several distinct species. They were the

largest mammals of the lower eocene, some exceeding in size

the existing tapirs.

In the middle eocene, west of the Rocky Mountains, a
remarkable group of ungulates makes its appearance. These
animals nearly equalled the elephant in size, but had shorter
limbs. The skull was armed with two or three pairs of horn-
cores, and with enormous canine tusks. The brain was propor-
tionally smaller than in any other land mammal. The feet had
five toes, and resembled in their general structure those of
Coryphodon, thus indicating some affinity with that genus.
These mammals resemble in some respects the perissodactyles,
and in others the proboscidians, yet differ so widely from any
known ungulates, recent or fossil, that they must be regarded as
forming a distinct order, the Duiocerata.

Besides these peculiar mammals which are extinct, and mainly
of interest to the biologist, there were othtrs in the early tertiary

which remind us of those at present living around us. When a
student in Germany some twelve years ago, I heard a world-
renowned professor of zoology gravely inform his pupils that the
horse was a gift of the old world to the new, and was entirely
unknown in America until intn duced by the Spaniards. After
the lecture I asked him whether no earlier remains of horses had
been found on this continent, and was told in reply that the
reports to that effect were too unsatisfactory to be presented as

facts in science. This remark led me, on my return, to examine
the subject m) self, and I have since unearthed, with my own hands,
net less than thirty distinct species of the horse tribe, in the ter-

tiary deposits of the west alone ; and it is now, I think, generally

admitted that America is, after all, the true home of the horse.
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I can offer you no better illustration than this of the advance
vertebrate paleontology has mide during the last decade, or of

the important contributions to this progress which our Rocky
Mountain region has supplied.

The oldest representative of the horse at present known is the

diminutive £o/npf<iis from the lower eocene. Several species

have been foun'1, all about the size of a fox. Like most of

the early mammals, these ungulates had fourty-four teeth, the

molars with short crowns, and quire distinct in form from the

premolars. The ulna and the fibula were entire and distinct,

and there were four well-developed toes and a rudiment of

another on the fore-feet, and three toes behind. In the structure

of the feet and in the teeth, the F.ohippus indicates unmistakably
that the direct ancestral Xm.-. to the modern horse has already

."^epara^ed from the other perissodactyles. In the next higher

division of the eocene another genus (O^'ohippus) makes its ap-

pearance, replacing iLohippus, and showing a greater, although

still distant, resemblance to the equine type. Tlie rudimentary
fir^t digit of the fore-foot has disappeared, and the last premolar
has gone over to the molar series. Orohtppus was but little

larger than Kohippus^ and in most other respects very similar.

Several species have been found in the same horizon vi\\.\v Ditto-

ceras, and others lived during the upper eocene with Diplacodon,

but none later.

Near the base of the tniocene, in the brontotherium beds, we
find a third closely-allied genus, Mcso/iippiis, which is about as

large as a sheep, and one stage nearer the horse. There are

only three toss and a ru limntary splint bone on the fore-feet,

and three toes behind. Two of the preoioUr teeth are quite like

the molars. The ulna is no longer distinC, or the fibula eniire,

and other characters show clearly that the transition is adv.-incing.

In the upper miocene Misohippus is not found, bat in its place a
fourth form, Mio/iippus, continues the line. This genus is near
the Anchitherium of Europe, but presents several iniprirtant

differences. The three toes in each foot are more nearly of a
size, and a rudiment of the lifih metacarpal bone is retained,

All the known species of this genus are larger than those of
Mesohippus, and none pass above the miocene.
The genus, Protoliippus of the lower pliocene, is yet more

equine, and some of its species equalled the ass in size. There
are still three toes on each foot, but only the middle one, cor-

responding to the single toe of tlie horse, comes to the ground.
This genus resembles most nearly the Hipparion of Europe. In
the pliocene we have the last stage of the series before reaching
the liorse, in the genus PHohippus, which has lost the small
hooflets, and in other respects is very equine. Only in the upper
pliocene does the true Eijiius appear and complete the genealogy
of the horse, which in the post-tertiary roamed over the whole of

North and South America and soon after became extinct. This
occurred long before the discovery of the Continent by Euro-
peans, and no satisfactory reason foi the extinction has yet been
given. Besides the characters I have mentioned there are many
others in the skeleton, skull, teeth, and brain of the forty or
more intermediate species, which show that the transition from
the eocene Eohippiis to the modern Eijiius has taken place in

the order indicated, and I believe the specimens now at New-
Haven will demonstrate the fact to any anatomist. They
certainly carried prompt conviction to the first of anatomists who
was the honoured guest of the Association a year ago, whose
genius had already indicated the later genealogy of the horse in

Europe, and whose own researches so well qualified him to
appreciate the evidence here laid before him. Did time permit
I might give you at least a probable explanation of this mar-
vellous change, but justice to the comrades of the hor-se in his

long struggle for existence demands that some notice of their

efforts should be placed on record.

( To be continued.

)
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Paris

Academy of Sciences, September 17.—M. Peligot in the
chair.—The president requested the meeting to designate one of
their fellows to represent the Academy in the annual public
meeting of the five academies, which will take place on October
25.—M. Tresca then, in the name of M. Leverrier, presented to

the Academy vol. viii. of the " Atlas Meteorologique de I'Obser-
vatoire de Paris pour Fan 1876."—A note by M. Faye, on the
atlas of the superior movements of the atmosphere, by M. H.

Hildebrandsson. The author bases his work on the observation
of cirrhus clouds.—A note by M. G. de Saporta on the discovery
of fossil plants in the tertiary strata in the vicinity of the North
Pole.—On an erratic block of granite situated in the neighbour-
hood of Geneva, by M. de Marignac. It appears that the block
in question is a mass of about 300 cubic metres of granite, and
that the prefect of the Department, Haute Savoie, has given
permission to a Railway Company to take possession of it and
to cut it to pieces. M. de Marignac, who is the owner of the

ground upon which it lies, now recommends the preservation of
the block and offers it to the Acadeny together with the area it

lies up'in, unier the sole condition that it sh'.ll be preserved.

M. Dumas spake in favour of M. de Marignac's proposition.

—

On the spont\neous disappearance of phylloxera, by H. Mare;.
—M. P. de Tchihatcheff then presented to the Academy his

translati m of M. Grisebich's work, "The Vegetation of the

Globe," and made some remarks on the same.—M. Alluard
read a memoir on a new condensation-hys;rometer, invented by
himself.—A letter from M. E. Stephan announcing the discovery
of a new comet by M. Cog^ia was read. (Of this we gave
the details in the Astronomical Column of our last number,

p. 442.) The letter further contained details of an observalion of

one of the satellites of Mars, by M. Borrelly, made at Mar-
seilles.—M. Leverrier transmitted to the Academy details of

MM. Paul and Prosper Henry's observation of the same
satellite, made with the equatorial in the garden of the Paris

Observatory.—M. P.,H. Boutigny pointed out that in a pas-
sage in his work, "ICtudes sur les corps a Te^at spheroidal,"

published some thirty years ago, he expressed his belief in the

existence of s-atellites of Mars and pronounced the hope of their

future discovery.—New researches on the ammoniacal fermenta-

tion of urine and spont.ineous generation, by MM. P. Cazeneuve
and Ch. Livon.—Oa the physiological action of salicylate of

soda, by MM. Bochefontaine and Chabbert.— .\ note by M. V.
Duram on a luminous meteor observed on September 11 atBaen
(Loire), and on a shock of earthquake felt at the same place on
September 12. The meteor was of unusual brilliancy ; it

appeared in the east of the sky at 7.45 P.M. ; its elevation above
the horizon was but small ; it left a long curved trail, and its

appearance was marked by a slight detonation ; the direction of

its path was from north to south. The shock of earthquake was
felt at 6h. 52in. true time, and lasted several seconds.—M. Faye
then drew the attention of the Academy to a memoir just pub-
lished by M. P. de Saint Robert, on the spherical mavement of

the pendulum, with regard to the resistance of the air and the

rotation of the earth.
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MICROSCOPICAL PETROGRAPHY
Microscopical Peiiography. By Ferdinand Zirkel. Being

Vol. VI. of the Report of the United States Geological

Exploration of the Fortieth Parallel made under the

direction of the Engineer Department by Clarence

King, Geologist-in-charge. (Washington, 1876.)

''T^O the massive and important series of volumes in

J- which the Report of the Exploration of the Fortieth

Parallel has been published the Engineer Department of

the United States has just added a sixth which, for

general interest and usefulness beyond the area of the

Survey, is equal if not superior to any that has preceded

it. In the course of this protracted and laborious survey

many rocks were encountered to which Mr. Clarence

King and his coadjutors felt somewhat at a loss to apply

the petrographical nomenclature of Europe. He accord-

ingly sought help from the highest European authority on

the subject, Prof. Zirkel, of Leipzig, whom he induced to

undertake the task of examining the vast collection of

rock-specimens which had gathered during so many
years of field-work. Prof. Zirkel accordingly crossed the

Atlantic, spent some time in New York with Mr. King
and his stall in making a preliminary investigation of the

collection, and in learning the geological position of the

specimens and the geological structure of the wide region

from which they had been obtained. Subsequently a

large and typical series of rock-specimens was sent over

to Leipzig to be submitted to careful microscopical inves-

tigation. No fewer than twenty-five hundred thin sec-

tions were prepared and examined under the microscope.

The result of Prof. Zirkel's laborious task is now given to

the world and most appropriately forms a separate volume
of the Report on the Geo'ogy of the Fortieth Parallel.

Mr. King miy be congratulated upon the judgment he
has sho*n in the allocation of his miterials. He has
enriched his official publications with the most important
contribution yet made to the petrography of America.

Of the way in which Prof. Zirkel has acquitted himself

of the task he undertook, it is hardly possible to speak

too highly. With the characteristic method of his coun-

trymen he marshals his facts in such orderly fashion that

every observation has its appropriate and proper place

where it may be expected and where, if sought for, it

will be found. Familiar as he is \\\\\\ the minute texture

and composition of most European rocks, it must have
been a congenial, even .though laborious work, to attack

o"! such a scale those of another continent. He has evi-

dently given himself heartily to the investigation, and has

produced a work which more than sustains his well-

earned reputation.

In an introductory chapter the author briefly sketches

the leading types of microscopic structure which, largely

as a result of his own previous labours, have been recog-

nised among crystalline rocks. These may be reduced

to three :— i. The purely crystalline, that is, rocks which

display only crystals or crystalline particles so interwoven

as to form a solid, compact mass. Granite may be taken

as the type of this group. 2. The half-crystalline. Rocks
of this group cons'st partly of crystals or crystalline

Vol. XVI.—No. 414

particles, and partly of a non-crystalline amorphous sub-

stance or paste, which may be (rz) a colourless but more
usually yellow, brown, or grey glass ; {b) partly devitrified by
the appearance of minute translucent but nonpolarizable
grains (globulites), or variously-shaped opaque needles or
hairs (trichites) ; {c) still further devitrified by the in-

crease of these grains and needles, so that little or no
glass remains—a structure termed micro-crystallitic ; or
(((') a peculiar amorphous substance neither showing the
transparency of glass nor definite grains and needles
(crystallites), but appearing to consist of indistinct grains
or fibres, which seem to melt into each other. This is

termed the microfelsitic. 3. The non- crystalline. Here
the rocks consist sometimes merely of glass, as ob-
sidian, sometimes of the amorphous microfelsitic sub-

stance, as in felsites. Dr. Zirkel admits, however, that

even where these differences of minute structure are best

shown they do not suffice as a basis for the systematic

arrangement of rocks, which must rest on fundamental
mineral constitution. The same mass of rock, indeed,

may within a short space put on extraordinary diversities

of minute structure.

A number of terms are introduced into the Report
which, though most of them have for some time been in

use in Germany, for the most part make their first

appearance here in an English dress. " Ground mass "

is employed to denote what seems to the naked eye to be

the dense homogeneous matrix of a rock, wherein the

usual scattered porphyritic crystals are held ;
" base " is

used as the designation of what is only seen under the

microscope to be a non-crystallised or unindividualised

paste, glassy, globulitic, micro-crystallitic or micro-felsitic,

as the case may be, in which the crystals, whether micro-

scopic or visible to the naked eye, are held. " Macro-
scopic " has obtained wide currency in German petro-

graphical literature as a convenient designation for what
can be seen without the use of lenses. " Microlites" are

minute, thin, needle- shaped, usually cylindrical bodies,

which occur both in the base and in separate crystals of

rocks, and represent imperfect stages in the crystallisation

of different minerals ; wh^n colourless they are called
" belonites," when black and opaque, " trichites."

As most rocks have undergone more or less internal

alteration, many products of decomposition are met
with under the microscope which cannot always be
identified with definite mineral species. No one who
has practically studied microscopic petrography can fail

to have been often puzzled to name some of these pro-

ducts. They are in far too minute quantity and too

intimately dilTused through the substance of a rock to

be capable of being collected for chemical analysis.

They present no recognisable crystallographic form, and
they show no distinctive reaction under the polariscope

;

yet they have too often, with no expression of hesitation,

been identified with known minerals, the identifications

being at the best only guesses, and sometimes most
improbable ones. It has lately been the practice at

Leipzig to avoid attempting such identifications when the

evidence is so slight, but to be content with the applica-

tion of provisional names which may include many
different compounds having at least some common
characters, such as opachy or colour, and to wait until

the progress of invcitigation allows more precise names
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to be affixed. Prof. Zirkel now introduces these pro-

visional and useful terms to English readers. " Opacite"

includes all the black opaque amorphous grains, scales,

and streaks which have resulted from the decomposition

of different minerals, and which, no doubt, vary widely in

chemical constitution. They probably in most cases

consist laigely of metallic oxides. " Ferrite "embraces
those yellowish, brownish, or reddish specks, grains,

veinings, or pseudomorphous crystals which occur in so

many rocks where oxides of iron have decomposed.
" Viridile " is the term applied to greenish transparent or

translucent scales, fibres, or veins, frequently seen where
hornblende, augite, or olivine have been alfered. They
must vary much in composition, sometimes approaching

chlorite, sometimes delessite or serpentine.

These scientific terms may be usefully transplanted

into English textbooks. The only one which, though
the great need of such a word cannot be denied, seems
open to considerable objection, is " macroscopic." It is

too like " microscopic," whether as written, printed, or

spoken. " Gymnoscopic" would be better. Rut there

occur throughout the Report many nouns and adjectives

which the reader will in vain look for in any dictionary,

and the meaning of some of which he will not readily

appreciate if he does not happen to be familiar with the

German petrographical terms for which they are intended.

Such are " fibration," " lamellation," " inclusion," " zon-

ally," "lineated," " fluidal," "interwedged," and many
more. Even ordinary words are used in a way which is

apt to puzzle the uninitiated. For example, " some occur-

rences are poor in augite," " poorly-shaped crystals,''

" drop-like or crippled minerals." The English language
is not quite so meagre as to be unable to furnish expres-

sion in already familiar words and phrases to the ideas

sought to be conveyed by these novel and sometimes
rather uncouth term=.

After a brief chapter devoted to the crystalline schists

and their related rocks, the author proceeds to what are

commonly known as the igneous rocks, beginning with

granite and the early intrusive porphyries and felsites,

passing thence through the diorite, diabase, gabbro, and
other groups, into the wide series of tertiary volcanic

products. V. Richthofen's name propylite is retained for

the oldest eruptive rock of the tertiary series—a mixture
of plagioclase felspar with hornblende, having most of the
characters of the old diorites and dioritic porphyries.
The petrographical differences between this rock and an-
desite are carefully summed up by Prof. Zirkel ; but
at the most they appear to be rather fine-drawn. He
insists that rocks of different geological date can
be distinguished petrographically, and that this may
be done even among the different members of the
tertiary series. Undoubtedly the most important chapter
of the Report is that devoted to the trachytic and rhyolitic

rocks. Among the trachytes some have been found con-
taining augite instead of hornblende—a curious and novel
fact which establishes an analogy between these tertiary

masses and some old syenites of Tyrol and Norway, in

which G. von Rath has lately shown that augite replaces
hornblende. The author partly following von Richthofen
divides the rhyolites into (i) Nevaditc or granitic
rhyolite

; (2) Rhyolite proper, including the felsitic and
porphyritic varieties, of which he has found among

the rocks of the Fortieth Parallel no fewer than sixteen

well-defined types ; and (3) Hyaline rhyolite, including

the glassy and half-glassy varieties, obsidian, pitchstone,

pumice, S:c. With the exception of some varieties in the

eastern part of the region, all the basalts met with in the

course of this survey prove to be felspar-basalts. Though
repeating in Western America the familiar characters of

the basalts of Western Europe they contain some varieties

which merit a special subdivision. These are marked by
(i) the invari.able presence, though in small quantity, of

sanidine, (2) the general absence of olivine, (3) the

abundance of the glassy microlltic base, (4) the occa-

sional presence of hornblende, (5) a high proportion of

silica, (6) the dusty character of the included apatite.

A petrographer who admits such wide departures from

the normal type of a species must not be surprised at

those who would further seek to unite some of his species

which hai'dly differ from each other so much as these

varieties of basalt do.

The Report is illustrated by twelve quarto coloured

plates. For beauty of execution nothing has appeared

like them since those of the lamented Vogelsang. They
have been executed at Leipzig, under the author's own
eye, and are evidently as faithful as they are vivid and

artistic. Archibald Geikie

OUR BOOK SHELF
Results of tlie Aralo-Caspian Expedition. Fascicule iv.,

38S pp., with seven lithographed plates ; and Fascicule

v., sixty-eight pages. (St. Petersburg, 1877.) [Russian.]

The fourth fascicule of this publication contains an im-
portant paper by the well-known Russian ichthyologist.

Prof. Kessler, on "The Fishes of the Aralo-Caspian
Pontic Ichthyological Region." After an introduction, in

which the author briefly sketches the geography of the

region, and makes a few objections to some statements of

Mr. A. R. Wallace as to the geographical distribution of

fishes, Prof. Kessler describes forty-three new species

and varieties of fishes of the region, and twenty- four other

species, the previous descriptions of which were incomplete.

These descriptions, being the result of very elaborate

researches, ara based on extensive collections obtained by
the members of the expedition, and by previous explorers.

The new species are illustrated by seven plates. The
second part of the work is a systematic catalogue of all

fishes known to inhabit the region, with notes as to their

geographical distribution.

The third part deals with the general conclusions

arrived at by the author as to the geographical distribu-

tion of species, the relations of the Aralo-Caspian ichthyo-

logical fauna to the faunas of the neighbouring basins, the

distribution of species in different waters of the region,

the zoological characteristics of the fishes inhabiting it,

and their genealogical relations, their mode of life, and
some remarks on the geological history of the region.

These conclusions (some of which have already been

noticed in Nature) will certainly be of great interest to

the zoo-geographer, and their importance is much
enhanced by the usual caution of M. Kessler's statements.

The work is altogether an important acquisition to ichthyo-

logical literature in general, all the more that it deals with

countries very imperfectly known until now.
The fifth fascicule of the work contains two papers by

M. Aldnitzin :
" On the Sweet Water Springs on the

Shores of Lake Aral," and a "Sketch of the History of

the Islands of that Lake," the former containing some
interesting information as to the distribution of water

in sandy steppes.
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LETTERS TO THE EDITOR
[Tht Editor does not hold himself responsible for opinions expressed

by his correspondents. Neither can he undertake to return,

or to correspond with the writers of, rejected manuscripts.

No notice is taken of anonymous communications.

The Editor urgently requests correspondents to keep their letters as

short as possible. Thepressure on his space is so great that it

is impossible otherwise to ensure the appearance even of com-

munications containing interesting and novel facts. ]

Urticating Organs of Planarian Worms
There exist, as is well known to all comparative anatomists,

in the skin of most planarian worms certain rod-like bodies

(Stabchenkurperchen of German authors) concerning the function

and homologies of which there has been consideiable speculation

and difference of opinion. By some authors these bodies, which

always at an early stage of their existence are contained in cells,

"the rod-cells" have been compared to the thread-cells or

nematocysts of coelenterata, the rod-cells being considered

homologous to or possibly homogenous with these coelenterate

nematocysts. In the July number of the Quarterly Journal of

Microscopical Science, vol. Ixvii., new series, 1S77, I published a

paper on the structure of several forms of land planarians obtained

by me during the voyage of II. M.S. Challenger. In this paper

is described and figured the structure of the rod-cells of several

genera of land planarians as observed in the fresh and living

condition. In an American form Geoflana flava and also in a

Ceoplana from New Zealand and a Rhynchodemus from the Cape
of Good Hope rod-cells were observed in which the rods are

much longer than the cells and are in their quiescent condition

coded spirally within the cells {I.e., PI. xx. Figs. 15, 20, 21, 22,

23), but which rods are shot out from the cells and protruded for

a long distance beyond the surface of the epidermis when the

animal is compressed or irritated. Such probably is the mature

condition of the cells in question in all land planarians.

Mecznikow has described a somewhat similar form of cell as

exisfintj in his Geodesmus bilin^atus.

In sone microscopic sections of land planarians hardened in

alcohol, the shot-rods or threads may be seen in abundance
when closely looked for, projecting from the edges of the section

of the epidermis. The demonstration of the spiral coiling of

the rods within the cells, and of their protrusion on irritation,

would at first sir;ht seem to ally these bodies more closely than

ever with ca;lenterate nematocysts, but there is this great differ-

ence between the two structures, that several rods are present in

each cell in the planarians, and that the rods are solid and
apparently free within the cell, and when protruded by the

bursting of the cell are shot clear of it. In crelenterates, as is

familiarly known, the thread is continuous with the cell and
hollow, and is everted in the act of protrusion.

In the summary of ray paper above referred to (I.e., p. 292) I

suggested tliat it would be interesting to test the action of the

rod bodies of land planarians by applying a living worm to the

tongue and observing whether urtication was produced. I wrote

at the time to my friend, Mr. Thwaites, F.R.S., curator of the

Royal Botanic Gardens at Peradeniya, Ceylon, and asked him
to make the experiment, which he did forthwith, and the result

shows that planarians do undoubtedly produce urtication in much
the same way as ccelenterates, and there can be no doubt that

this function is performed by the rod-bodies, which are thus

weapons of defence, and no doubt used also to secure prey.

Mr. Thwaites writes :
— " I have lost no time before attending

to your request touching the planarians. I applied the tip of

my tongue to two of them brought fresh and lively to me, and
quite sensible was I to a feeling of unpleasant tingling, and it

was accompanied with slight swelling. The sensations very

similar to what is experienced upon a slight scalding. The
planarian itself evidently felt very uncomfortable, as it became
dilated laterally to a considerable extent during contact with the

tip of the tongue, though it soon recovered its normal condition."

H. N. MOSELEY
New University Club, St. James's Street, S. W.

The Satellites of Mars

It seems worthy of notice that the prophetic genius of Homer
has already not only identified but even given names to the two

satellites of Mars. I allude, of course, to the passage in the

fifteenth book of the Iliad, where Ares is preparing to descend

to the earth (possibly this refers to an unusually near approach

at opposition, as at the present time) :

—

*ns fpaTO'Kai ^' 'hTTovs Ki\fTO Afiu.il* Te 'i'S^oy Tf

^evyvuij.d'. . . II., XV. 1 19.

which Pope renders

—

" With tliat he gives command to Fear and Flight
To join his rapid coursers for the fight ."^

Deimus and Phobus are not, perhaps, very euphonious names
;

but astronomers will not lightly reject the authority of Homer.
Eton, September 29 H. G. Madan

On the Coming Winter
Having recently computed the remaining observations of cur

earth-thermometers here, and prepared a new projection of all the

observations from their beginning in 1S37 to their calamitous
close last year— results generally confirmatory of those arrived

at in 1S70 have been obtained, but with more pointed and
immediate bearing on the weather now before us.

The chief features undoubtedly deducible for the past thirty-

nine years, after eliminating the more seasonal effects of ordinary
summer and winter, are :

—

1. Between 1S37 and 1876 three great heat-waves, from with-
out, struck this part of the earth; viz., the first in iS46'5, the
second in 185S0, and the third in 18687. And unless some
very complete alteration in the weather is to take place, the
next such visitation may be looked for in i879'5, within limits

of half a year each way.
2. The next feature in magnitude and certainty is, that the

periods of minimum temperature, or cold, are not either in, or

anywhere near, the middle time between the crests of those three

chronologically identified heat-waves, but are comparatively
close up to them on either side, at a distance of about a year and
a half, so that the next such cold wave is due at the end of the
present year.

This is, perhaps, not an agreeable prospect, especially if political

agitators are at this time moving amongst the colliers, striving

to persuade them to decrease the out-put of coal at every pit's-

mouth. Being, therefore, quite willing, for the general good,
to suppose myself mistaken, I beg to send you a first impression
of plate 17 of the forthcoming volume of observations of this

Royal Observatory, and shall be very happy if you can bring
out from the measures recordedthere, anymore comfortable view
for the public at large. PiAzzi Smyth

Astronomer- Royal for Scotland
Royal Observatory, Edinburgh, September 27

The Australian Monotremes

I OBSERVE in Nature (vol. xvi. p. 439) that a doubt arises

respecting the Echidna or Australian porcupine (recently re-

named Tachyglossus) and the Ornithorhynchus being found in

Northern Australia. It does exist in Queensland, but how far

north it is impossible to decide until we are better acquainted
with that extensive territory. The fact of one having been found
by Mr. Kennedy, as mentioned by Mr. Forbes at Plain Creek in

lat. 21° S. is, as far as the published statement can be depended
upon, correct, and was never considered by any Australian in

Queensland as a matter of doubt, as they were well acquainted
with the animal ; but whether the Tachyglossus was the same or
of a different species I do not consider has been suiiBciently

noticed ; whether it was the Tachyglossus hystrix, or with suffi-

cient distinctive characters, as has been recently found in that ol

New Guinea to niake it a new species, is not known, as ordinary
travellers are not able to distinguish those characteristic difler-

ences which would immediately strike the experienced naturalist.

The species found in the vicinity of Darling Djwns, &c. , is

evidently the Tachyglossus hystrix, and from a recent letter

received from my son, Mr. G. F. Bennett, he I5nds no difficulty

in procuring specimens of this species near Foowoomba by offer-

ing rewards for those procured at certain intervals of time, to

enable him to carry out his investigations on the mode of

generation of the Monolreinata, and if possible to procure the
impregnated uterus of that animal, as well as that of the Orni-
thorhynchus, as in both animals it no doubt will be identical.

As far as regards the rudimental pouch in the Echidna it

is only ab'e to be found in that animal during the breed-
ing season, and I could never detect it at any other time.

It is mentioned by Prof. Owen in his memoir on the young
of the Echidna {Philosiphical Transactions, 1S65, p. 67S), and
indeed it has been a well-known fact for some period of time, as

some years ago I doubted the assertion and public attention was
most particularly drawn to it, and the fact was ascertained

beyond doubt even before the publication of Prof. Owen's paper.
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The Oinithorhyiichus being an aquatic animal does not possess

a pouch at any time. With respect to the New Guinea species

of Echidna, tlie' question wliether the Tachyglossiis lawsei and T.

liriiijnii are distinct species can now be decidt d, as I observe that

examples of both sexes of T. brnijnii have been obtained in the

mountains on the north coast of New Guinea at an elevation of

about 3,500 feet. That a new and somewhat analogous species

of Tachyglossus may yet be discovered in Northern Australia I

consider very probable. George Bennett
September 29

P.S.—By letters from Sydney dated August 4 no intelligence

lias been received from Sig. D'Albeitis since his departure for

the Fly River in May last.

Are there no Boulders in Orkney and Shetland?

In your impression of the 13th inst. (p. 418), there is an

interesting letter from Mr. Laing, M.P., stating that there are

no boulders in Orkney or .Shetland. He says that having " an

intimate personal acquaintance with these islands, which are my
native county, and almost every yard of whose surface and shores I

have explored with rod and gun," . . . "1 can assert positively

that I never saw (in them) a lioulder or perched block, or the

trace of any till, or boulder clay, kame, eskar, raised beach, or

other form of glacial or marine action."

Mr. Laing's object in drawing the attention of geologists to

these facts is, that "if true, they seem to afford a crucial test of

the truth or falsehood of some of the most important theories of

modern geology."

Mr. Laing observes that in Orkney therfi could be no boulders,

&c., because " there were no glaciers, there being no great local

mass of mountains to produce them."
As regards .Shetland, Mr. Laing says he cannot speak with the

same confidence. "Still, having travelled over a great part of

the principal islands, I can assert that I have never seen in them
either, any tr.ices of glacial action."

Mr. Laing having invited information on this subject. Prof.

Geikie has published an article in the same number of your

paper (p. 414), controverting Mr. Laing's statements, and main-
taining that the facts ascertained by hiii and his colleagues in

the Scotch Geological Survey establish that these islands form
"no exception to the general glaciated condition of Scotland."

In corroboration, so far, of the Professor's statement, that

there are in Orkney and Shetland "many transported blocks of

gneiss, 'schist, and other rocks foreign to the immediate locality"

of the blocks, I need only refer to the following list of boulders

reported to the Edinburgh Royal Society Boulder Committee.

In OrIvNEY.
Eday Is!and.—Conglomerate B. 12 X 7 X ij feet, = about

8 tons weight. Situated near top of a hill 250 feet above sea.

No conglomerate rock in Eday, but there is in Stronsay Islind.

Frith and Stennis.—White pebbles of freestone on the hills.

But there are no white freestone rocks in this island. It is all

old red.

Sandny.—Gneiss B. 7 X 6 X 25 feet = about 14 tons. No
gneiss rocks on this island. Nearest island with gneiss rocks

is Stromness, 30 miles distant, and in Shetland, still more
distant.

IValls.—Lydian stone B. 9 X 7 X 6 feet = about twenty-

eight tons. Sandstone is the prevailing rock.

Stroiiitwss Island.—Two granite boulders lying on red sand-

stone rocks—distant, one a quarter of a mile, the other one mile

from granite hills.

In Shetland.
Bressay.—A number of boulders here, of a rock foreign to the

island. One of them is 10 x 7 x 4 feet. Supposed to have
been transported from Norway.

Housay.—On a cUff 200 fett above the sea,' rounded blocks

resting on knolls of polished rock.

Ncay.—Large perched blocks, some many tons in weight.

Sujnburgh Iliad.—Conglomerate B. lying on sandstone rock.

Wheie can it be supposed that these boulders come from ?

Prof Geikie thinks there were glaciers, at all events, in one
of the islands, viz., Hay, and even "separate glaciers " in all the

valleys of that hill, whose top is only 1,550 feet above the sea.

I feel great difficulty in subscribing to that opinion ; I rather

agree with Mr. Laing, that there could be no glaciers, for want
of a sufficient "mass of mountain region to produce them."
Even if in Hoy glaciers could have been formed on a hill the

highest peak of which is only 1,550 feet above the adjoining sea,

what is to be said of those boulders which are on islands where

the hills do not exceed 500 or 200 feet, and in which there are

no rocks of the same nature as the boulders?
Piof Geikie refers to the rock striuions in Orkney and Shet-

land (which Mr. Laing seems not to have discovered) as additional

proofs of glacial action. If these striations had been caused by
glaciers, the direction of the stricc would vary with the direction

of the different valleys in which the glaciers moved. But this is

found not to be the case. Prof. Geikie says that both in Orkney
and in Shetland the movement of the ice h.as been on the " whole
along a north-west and south-east line." He refers to reports

by his colleagues, Mr. Peach and Mr. Home, in corroboration
of his statements.

la looking into Mr. Peach's report, I find that he specifies the

stride on the rocks of Shetland as running in vat-ious directions.

In Unst, the most northern island, he says "the destroying force

(the nature of which force, however, he avoids indicating) coming
against a hill (cilled the ' Miich/i Hca^,' $00 feci high) on its

north-west fiank, had been partially turned by the hill into a
valley (which he names) and made to produce the well-known
phenomenon of ' crag and tail

' "—the cr.ag or bared rock being
on the north side of the lull.

Mr. Home in his paper also describes the striae in Shetland as

running in various different directions. Some of the strife on the

rocks, and the boulders on the surface, indicated, as he thought,

ice action from east to west. "In addition to these, however,
others (he sa\s) were found, which could not have been produced
by ice-shedding in the ordinary way. These cross the island,

regardless of its physicalfeatures, and are often at right angles to

the newer set."

These facts, I venture to submit, may be explained by suppos-
ing that the .Shetland and Orkney Islands, when still under the

ocean, were subjected to the action of Arctic currents loaded
with icebergs and shore ice. We know that in the Arctic regions

now, fragments of rocks are by these means carried about in

various directions, and dropped on the sea-bottom ; whilst the

rocks at the sea bottom are ground down, polished and striated

by the hard stones and gravel pushed forward by icebergs.

The existence of Arctic currents from north-western points has
indeed been already well established by a study of the boulders

and striated rocks found along the west coasts of Caithness, Ross,
Argyll, and the islands of Lewis, Harris, and Uist.

i'he inference of Mr. Peach from what he saw near Lerwick
was, that there "the direction the drift came from is evidently

northerly." "The destroying force" to which Mr. Peach refers

as having swept across the i.^jand of Unst baring a hill up to a

height of 500 feet on its north-west flank, could have been no
other than an Arctic current loaded with ice.

These facts establish points of the highest geological interest.

They indicate a submersion of the northern parts of Europe under
the ocean to the extent of many hundred feet, and the non-exist-

ence of any gulf-stream flowing through the North Atlantic.

The Isthmus of Panama requires to be depressed only 350 feet,

to allow that stream to flow into the P.icific.

The separate question of " I\aised beaches" mooieA by Mr.
Laing and discussed by Prof. Geikie, I do not enter on. Both
of these authorities agree that there are no raised beaches in

Shetland and Orkney. It is indeed very curious that such should
be the case, considering that they exist along the Caithness coast,

and in every other part of the kingdom, including Ireland. I

may, however, notice that Mr. Peach in hisReport on Shetland
speaks of a " raised beach " as having been seen by him there.

Milne Graden, Coldstream, N.B. David Milne Home

Fertilisation of Flowers by Birds

Among the " Biological Notes " in Nature, vol. xv. p.

416, there is one referring to the agency of birds in effecting the

fertilisation of flowers. A Itw weeks before reading this note I

was induced to suspect that many flowers might be dependent
wholly or in part on the visits of small birds for their effectual

fertilisation by observing that a very considerable number of

birds shot at that time had the plumes of the forehead and the

lores thickly dusted with pollen. This fact was noticed in seveial

species of Z);ciy/«(r and jVec'ariniinie, i:i the Zoriculi, and even
in a glossy starling {Calornis panaymsis), which latter is mainly

a frugivorous bird. Both the sun-birds and flower-peckers are

fruit-ieeders to a certain extent ; but they also prey on ndnu.e
insects, in search of which (and possibly of the nectar sometimes)

they diligently probe the corollas of numerous flowers, and on
withdrawing their heads a portion of the pollen remains in many
instances adhering to the plumage bordering the bill, and is

carried away and introduced into the next blossom visited.
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The immediate source of attraction possessed by the flower

for its feathered visitants lies, I think, in the small insects which
resort to it, and not, at any rate usually, in their furnishing any
nectareous secretion which is palatable to the birds. For if the

latter visited the blossoms for the sake of the nectar they would
be perfectly acquainted by experience with its situation and
make no delay in going straight to it, whereas the habit of the

sun-birds and the flower-peckers also is rather to hover on
rapidly-vibrating wings a few inches in front of the opening of a

blossom, as if prying into its recesses in search of food, before

thrusting their beaks into t^.e corolla ; and ofien after thus

examinnig a lljwer they fly oflf to another without touching it at

all, having apparently satisfied themselves that the first one con-

tained no prey for them. A. II. EviCRETf
N. Mindanao, July 23

Heat Phenomena and Muscular Action

On reading the article which appeared in Nature, vo' xvi.

p. 451, on the heat phenomena accompanying muscular
action, it has occurred to me to send the following problem
which is akin to the subject.

If a man does work (say lifts a weight), the principle of the

conservation of energy teaches us that the potential energy—the

work done—(weight lifted) is at the expense of the man as a

magazine of foice, in fact that "virtue has gone out of him."
Now suppose a man lifis say a ton of bricks and deposits the bricks

one by one on the top of a wall six feet high, we can exactly

estimate the amount of work done, the energy rendered potential

and external, and if we knew also the extra amount of heat

radiated or otherwise carried off from his body—as most probably
the work would raise his temperature—we could exactly measure
the amount of energy the lifting of the brick cost him.

Now suppose another man were to lift the bricks from the top
of the wall and deposit them gently

—

i.e., without concussion

—

on the ground, it is evident that there is a certain amount of

potential energy disappearing, in fact that there is work being
absorbed by the man, of course appearing in some other form,

but the question is how ? This second man's work is of course
in one .^ense work, but in the stnse of producing external,

potential, or kinetic energ)', is not so, unless, perhaps, in heat.

Strangely enough it follows that lifting down the brick ought
to make the man either radiate heat more, waste tissue Its',

digest food less, or in some other way account for the energy
absorbed by him.

Generally I think the conversion of force by obstruction is not
alwajs so clearU traced as it might be ; in friction it is clear, as
also in the compression of elastic bodies, but in the instance

above, as also in the throttling of steam, it is not so clear.

A. R. Moi.isoN

Does Sunshine Extinguish Fire?

I READ Mr. Tomlinson'sf aper(NATUKE, vol. xvi. p.36r)near
the time of its delivery, and was struck with the inconclusive cha-
racter of his experiments. W hat he attempted to obtain was the
condition of combustion in sunshine and combustion in darkness,
(tclc-ris paribus. But he left the avteris paribus entirely out of the
experiment, and actually used a dark cubbard (I believe this is

good spelling etymologically and phonetically), into which there
was no free influx of atmospheric air. Naturally his candles burnt
with inferior combustion there. I have for years together burnt
Newcastle coal, and no other; and for years together burnt
South Staffordshire coal, and no other ; and I say that sunshine
puts out a sea-coal fire and not a S.S. fire. The reason of this

is, I apprehend, not far to seek. In the Midlands it is the
prattice to keep a fire alive by a raker, or gathercoal. It

would be quite useltsi to attempt to do this with a sea-coal fire,

which goes out in a short time unless the cakes of coal be broken
up ; in a word, one has to watch a sea-coal fire ; and it must be
in every Londoner's experience, that such a fire is apt to elude
one at the last faint gleam from over reckless puking. Now, if

the sun is shining on the coal, that last faint gleam is invisible,
and the fire goes out as a matter of course. Sunshine puts out a
sea-coal fire by insidiously eclipsing the warning glimmer of ils

expiring embers. This, at least, is a vera causa. A priori I

Eh juld say that combustion would be less rapid in air raiefied
by sunlight than in air deprived of it ; but I do not believe
sunshine extingui.-hes a c0.1l fire in any other way than that I
have described. C. M. Ingleiiy

Folkestone

OUR ASTRONOMICAL COLUMN
The Approaching Opposition of Iris.—The oppo-

sition of this minor planet in the present autumn affords
another favourable opportunity of determining the amount
of solar parallax on the method already successfully
applied by Prof. Galle, of Breslau, in the case of Flora.
The DcrliiiL'i- astronomisches JaJirhucIi for 1879 contains
a rough ephemeris of Iris for every twentieth day of the
year, but this being insufficient for the purpose in view,
wc subjoin places calculated from Prof. Briinnow's tables
of the planet, on the approximate formute explained in

his introduction ; the error of the tables being very
sensible at the present time, nothing would have been
gained by calculating in the accurate form. For the sake
of brevity the planet's positions are given for every fourth
day only, but they will be readily interpolated for the
intermediate dates.

Iris.—.4/ Gnymuick Midni'hl.
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These orbits are in very satisfactory confirmation of

each other.

May we hope that at no distant period Ur. Doberck

may find he has sufficient material to induce him to investi-

gate the elements of a Centauri ; a fair approximation to

the true orbit might be expected from his experienced

hand.

PROF. ADAMS ON LEVERRIER'S PLANETARY
THEORIES '

II.

THE nineteenth chapter of M. Leverrier's researches,

which forms the first part of the eleventh volume of

the Annals of ilic Paris Obs.'ivatory, contains the deter-

mination of the secular variations of the elements of the

orbits of the four planets, Jupiter, Saturn, Uranus, and

Neptune.
In the first place are collected the differential formulas

which are established in the previous chapter, and which

give the rates of secular change of the various elements at

any epoch in terms of the elements themselves, which by

the previous operations have been cleared of all periodic

inequililies.

The terms of different orders which enter into these

formula; are carefully distinguished.

If we were to confine our attention to the terms of the

first degree with respect to the exccntricities and inclina-

tions of the orbits, and of the first order with respect to

the masses, the differential equations which determine

the secular variations would become linear, and their

general integrals might be found, so as to give the values

of the several elements for an ind-finite period.

In the present case, however, the terms of higher orders

are far too important to be neglected, and when these are

taken into account the equations b;come so complicated

as to render it hopeless to attempt to determine their

general integrals.

Fortunately, however, these are not needed for the

actual requirements of astronomy, and for any definite

period the simultaneous integrals m?y be determined with

any degree of accuracy that may be desired by the method

of quadratures.

In this way M. Leverrier has determined the values

of the elements for a period of 2,000 years, starting from

1850, at successive intervals of 500 years. The first steps

in this integration were attended with some difficulties,

because the determination of the numerical values of the

rates of change of the several elements at the various

epochs depends on the ele.Tients themselves which are to

be determined. Hence several approximations were

necessary in order to obtain the requisite precision.

After this work of M. Leverrier, however, the extension

of the investigation to other epochs, past or future, is no

longer attended with the same difficulties. In fact, from

his results we may at once find, by the method of differ-

ences, very approximate values of the elements at an epoch

500 years earlier or later than those which he has con-

sidered. His general formukc will then give the rates of

change of the several elements at the epoch in question,

and having these we can determme by a direct calculation

the small corrections which should be applied to the

approximate values of the elements first found.

This process may evidently be repeated as often as we
choose.

It is important to remark that in the formula: which

give the rates of change of each of the elements at the five

principal epochs considered, as well as in those which give

the total variations of the elements at the same epochs,

the masses of the several planets appear in an indetermi-

nate form, so that it may be at once seen what part of the

variation of any element is due to the action of each of

the planets, and what changes would be produced in the

Coininued from p. 464.

value of any element at any epoch by any changes in the

assumed values of the masses.
Consequently, when the astronomer of the future, say

of 2,000 years hence, has determined the values of the

elements of the planetary orbits correspanding to that

epoch, it will be easy for him, by comparing those values
with the general expressions given by M. Leverrier, to

determine with the greatest precision the actual values of
the masses, provided that all the disturbing bodies are

known ; and should there be any unknown disturbing

causes, their existence would be indicated by the in-

consistency of the values of the masses which would be
found from the different equations of condition.

By means of the work which has just b^en described,

ever) thing has been prepared which is required for the

treatment of the theories of the several planets.

The remainder of the eleventh volume of the Annals
is accordingly occupied by the complete theories of Jupiter

and Saturn, the former theory being given in Chapter 20,

and the latter in Chapter 21 of M. Leverrier's researches.

The coefficients of the periodic inequalities of the

mean longitudes and of the elements of the orbits are

not only exhibited in a general form, but are also calcu-

lated numerically for the five principal epochs considered
in Chapter 19 of these researches, viz, for 1850, 2350,

2850, 3350, and 3850.

The long mequalities of the second order with respect

to the masses, depending on twice the mean motion of

Jupiter plus three times the mean motion of Uranus
minus six times the mean motion of Saturn, are also

determined in a similar form.

Chapter 22 of M. Leverrier's researches, forming the

first part of the 12th volume of the " Annals," contains the

comparison of the theory of Jupiter with the observations,

the deduction of the definitive corrections of the elements
therefrom, and finally the resulting tables of the motion of

Jupiter. The observations employed are the (ireenwich

observations from 1750 to 1830 and from 1836 to 1869
together with the Paris observations from 1837 to 1867.

To the results given in the Astronomer-Royal's
" Reduction of the Greenwich Observations of Planets

from 1750 to 1830," M. Leverrier has applied the cor-

rections which he has found to be required by his own
reduction of Bradley's observations of stars and his rede-

termination of the Right Ascensions of the fundamental
stars^ published in the second volume of the " Annals "

(Chapter 10).

The equations of condition in longitude, for finding

the corrections of the elements and of the assumed
mass of Saturn, are divided into two series corre-

sponding to the observations made from 1750 to 1830,

and into two other series corresponding to the obser-

vations made from 1836 to 1869. Moreover in each,

of these series the equations are subdivided into eight

groups, corresponding to the distances of the planet from
Its perihelion, 0' to 45°, 45" to 90", and so on. From these

are formed four final equations, the solution of which
gives the corrections of the epoch, of the mean motion, of

the excentricity, and of the longitude of the perihelion, in

terms of the correction required by the mass of Saturn,

which is left in an indeterminate form. The substitution

of these expressions in the thirty-two normal equations

corresponding to the several groups above-mentioned,
gives the residual differences between theory and observa-

tion in terms of the correction of the mass of Saturn. No
conclusion can be drawn from the ancient observations

;

but from the modern observations M. Leverrier finds

that the mass of Saturn assumed— which is that of

Bouvard- -should be diminished by about its ~.\rX^ part.

This correction is very small, but M. Leverrier regards it

as well established.

On the other hand, Bessel's value of the mass ol

Saturn, founded on his observations of the Huyghenian
satellite, exceeds Bouvard's by about its issuth pait.
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The equations of condition in latitude are treated

in a similar manner, being grouped according to the dis-

tances of the planet from its ascending node. From
these equations the corrections of the inclination of

the orbit and longitude of the node are found separately

from the ancient and from the modern observations. The
results differ very little, but the second solution is

employed in the construction of the tables. After the

application of these corrections to the elements, the

agreement between theory and observation may be con-

sidered perfect : so that the action of the minor planets

on Jupiter appears to be insensible, and there is no indi-

cation of any unknown disturbing causes.

There are some peculiarities in the mode of tabulating

the perturbations caused by the action of Saturn. The
perturbations of longitude and of radius vector are not,

as usual, exhibited directly, but instead of them !\I.

Leverrier gives the perturbations, both secular and
periodic, of the mean longitude, of the longitude of the

perihelion, of the e,\cenlricity, and of the semi-axis major
of the orbit, and then from the elements corrected by
these perturbations he derives the disturbed longitude and
radius vector by the ordinary formula; of elliptic motion.
Where the perturbations are large M. Leverrier con-

siders this preferable to the ordinary method of proceeding.

The perturbations of latitude being small, he applies to

the inclination and longitude of the node their secular

variations alone, and then determines directly the periodic
inequalities of latitude.

All these perturbations, whether of the elements or of

the latitude, are developed in a series of sines and cosines

of multiples of the mean longitude of Saturn, including a
constant term, the coefficients multiplying these several

terms being functions of the mean elongation of Saturn
from Jupiter, which for a given elongation are developed
in powers of the time reckoned from the epoch 1S50.

These coefficients only are tabulated with the mean
elongation as the argument, and the perturbations are

thence calculated by means of the ordinary trit;ono-

mctrical tables. The intervals of the argument are so

small, that the requisite interpolations ai every simple, and
the coefficients which relate to the four elements, and
depend on the same argument, are given at the same
opening cf the tables.

The tables have been calculated specially for the 500
years included between the years iS5oand 2350. Never-
theless they may be applied to epochs anterior to 1S50, by
simply changing the sign of the time reckoned from 1850.

For one or two centuries before 1850 this extension will

have all the rigour of modem ob-ervations, while for still

earlier times the accuracy of the tables will greatly surpass
that of the observations which we have to compare with
them.
M. Leverrier's Tables of Jupiter are now employed in

the computations of the Nautical Almanac, beginning
with the year 187S.

The thirteenth volurrc of the Annals is devoted to

the theories of Uranus and Neptune. Tl ese theories are

not unattended with difficulties. In the first place, these

planets are disturbed by the actior s of the two great

masses Jupiter and Saturn, interior to their orbits, and
these actions are modified by the great inequaliiies cf

Jupiter and Saturn defending on five times the mean
motion of Saturn niinus twice the mean motion ol Jupiter.

In the next place twice the mean rro ion of Neptune
differs very little from the mean motion of Uranus, and
thus arise inequalities of long period in the elements of

their orbits which are laige enough to produce very
sensible teims of the second ordsr. Lastly, the mean
elliptic elements of the two planets are not \ et sufficiently

well known.
In a preliminary chapter, the 24th, M. Leverrier investi-

gates formula; which are specially applicable to the

case of a planet disturbed by another which is consider-

ably nearer to the sun. In this case it is easily seen that,

by the direct action of the disturbing planet on the sun,
perturbations of large amount may be produced in the
elements of the orbit of the disturbed planet, while the
corresponding perturbations of the co-ordinates of the
planet are comparatively small. Hence arises the advan-
tage of considering this case apart.

We have seen how closely the theories of Jupiter and
Saturn are related to each other. In a similar manner
the theories of Uranus and Neptune are also closely
related in consequence of the great perturbations intro-

duced into the elements of their orbits by the near
approach to commensurability in their mean motions.
Hence, before entering upon the separate theories, M.
Leverrier devotes Chapter 25 of his researches to the
determination of the mutual actions of Uranus and Nep-
tune, and this forms the base of the theories of both
planets. The method employed is similar to that adopted
in the case of Jupiter and Saturn, and the results are
exhibited in the same general form.

It is important to remark that f.he elements of Uranus
and Neptune as determined from observations severally
differ from their mean elliptic values by the amount of
their perturbations of long period corresponding to the
mean epoch of the observations. The apparent elements
of Uranus and Neptune for the epoch 1850 have been
carefully determined by Prof. Newcomb in his excellent
work on the theory of those planets which obtained the
Society's medal in 1S74. By the application of his own
general formula?, M. Leverrier deduces from these
elements the values of the mean elliptic elements corre-
sponding to the same epoch. It maybe remarked that
the mean elements thus determined will depend on the
assumed masses of the two planets, and will therefore
lequire small corrections when more accurate values of
the masses have been obtained.

When the secular variations of Uranus and Neptune
given in Chapter 19 were found, the elements were less

accurately known, and M. Leverrier has therefore recal-
culated the values of the excentricities and longitudes of
the perihelia of the two planets for the same five epochs
as before, starting from the mean elliptic values of the
elements above referred to.

Chapter 26 contains the completion of the theory of
Uranus. The last chapter, which contains the comple-
tion of the theory of Neptune, is not yet printed.
The twenty-third chapter also, vhich contains the

comparison of the theory of Saturn with observations,
together with the tables of the planet, and which will

form the latter part of the twelfth volume of the Annals,
is not yet printed. The results of this comparison of the
theory with observations have, however, been fully pub-
lished in the G?;«/A-j- yvV;/(/;cj-, ;nd 1 understand that the
tables will be used for computing the place of Saturn in

tt.e foithcoming volume of the Nautical Ahnanac.
Although the comparison of the theory ol Saturn with

observations shows in general a satisfactory accordance,
there occur some discrepancies in individual years which
are larger than might be desired.

During the thirty-two years ever which the modern
observations extend, viz., from 1S37 to 1869, the dis-

crepancy between theory and observation, however,
remains constantly less than 2"5 of arc, excepting in two
instances, viz., in the years 1S39 and 1844, when the
differences amount to 4"'5 of arc.

In the ancient observations only, made in the time of
Maskelyne, rather largtr differences occur, amounting in

t«o instances to nearly 9" of arc.

In Older to test whether these discrepancies could be
due to any imperfections in the theory, M. Leverrier has
not shrunk from the immense labour of forming a second
theory of the planet independent of the former, employing
methods of interpolation instead of the analytical develop-
ments. I learn directly from M. Leverrier that this
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second investigation entirely confirms the accuracy of the

first as regards the periodic inequalities, but that the

secular variations of the excentricity and longitude of the

perihelion are slightly changed. The effect of these

changes is to bring the theory into very satisfactory

accordance widi the observations of Bradley, but the dis-

crepancies above mentioned in the time of Maskelyne

and in the modern observations still remain unaffected.

7 he character of the discrepancies shown by the modern
observations makes it very improbable that they can be

due to any errors in the theory.

In fact, the error appears lo change almost suddenly

from a positive one of 4" 4 in 1S39 to a negative one of

5"'o in 1844, a variation of nearly 9"'5 in five years. Now
no terms or group of terms due to tlic action of the

planets could thus suddenly disturb the motion in five

years, at a given epoch, and then leave the motion

unaffected during the following twenty-five years. M.
Leverrier is therefore inclined to think that the discre-

pancies arise from errors in the observations, notwith-

standing that the Greenwich and Paris observations are

mutually confirmatory of each other.

He suggests that it is possible that the varying aspects

presented at different times by the ring may affect the

accuracy of the observations of the planet, and may cause

changes in the personal equations of the observers, which,

from being rather large in the case of the ancient observa-

tions, have gone on diminishing as the system of

observation has become more perfect.

One unlooked-for result follows from M. Leverrier's

comparison of his theory of Saturn with the observations.

Considering that the iniluence of Jupiter on the longitude

of Saturn may amount to 3800", it might have been

expected that from observations of the planet extending

over 120 years the mass of Jupiter could have been deter-

mined with great precision. INI. Leverrier has found, how-
ever, that this is not the case.

The equations cf condition furnished by the comparison
of the heliocentric longitudes of Saturn as deduced from
theory and observation contain five unknown quantities,

viz., the corrections of the assumed values of four

elements and the correction of the assumed mass of

Jupiter. On solving the equations with respect to the

first four unknown quantities, the corrections to be
applied to the elements are found to be greatly influ-

enced by the intermediate correction of the mass of

Jupiter, and after they have been substituted in the

equations of condition, the coefficients of the correc-

tion of the mass of Jupiter in great part destroy each
other, nowhere amounting in the resulting equations to

one-tenth part of their values in the primitive equations.

Hence these equations are insufficient to determine the

mass of Jupiter with any precision. Consequently, in the

formation of the Tables of Saturn, M. Leverrier has
employed the value of the mass of Jupiter determined by
the Astronomer-Royal from his observations of the 4th

satellite.

The result which has just been noticed will appear to

be less paradoxical if we consider that by far the larger

part of the disturbances which Jupiter produces in the

motion of Saturn is represented by the inequalities of

long period which affect the mean longitude and the

elements of the orbit. Now in the course of 120 years

these inequalities have run through only a small part of

their whole period, and therefore, during this interval, the

greater part of their effects may be represented by
applying changes to the several mean elements equal to

the mean value of the corresponding long inequalities

during the interval. It is only from the residual disturb-

ances, which arc comparatively small in amount, that

any data can be obtained for the correction of the mass
of Jupiter.

In the course of a few centuries, when these long

inequaUties, as well as the secular variations of the
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elements of Saturn, shall have had time to develop them-
selves, it will be possible to determine the mass of Jupiter
from them with all desirable precision.

TBE GLANDULAR ORIGIN OF CONTAGIOUS
DISEASES ->

'X'EN years ago, on the occasion of a Congress held in
-*- this town to discuss the question of the disposal of

sewage, I had the honour, at the request of the committee
of management, to deliver a lecture on the subject of the

poisons of the spreading or communicable diseases. An
abstract of the lecture was afterwards printed by the
Congress, and for a time it gained a wide circulation.

The lecture of which I speak was based on a series of

experimental reiearches which for some years previously
I had been carrying out on the question of the mode of

production and communication of those diseases which
were anciently called plagues or pestilences, but which
are now called communicable or spreading diseases.

I do not think that at a health congress like the present
I can do better than recall attention to this same subject.

The suppression of plagues is one of the grandest and
supremest efforts of the sanitary reformer. The sup-

pression can never be accomplished until all educated
people understand the advances of modern science as to

the cause and mode of origin and mode of propagation
of these diseases. Whatever, therefore, tends to strike

out light of knowledge on these subjects tends to eluci-

date, and though the spark lighted may go out again it

may help to show the way.
I shall in this present effort first go back to the point

where I stood when here ten years ago. I shall then
briefly survey the course of thought that has sprung up
between that time and the present. Next I shall state

the position of my own views as influenced by the work
of the past ten years. Lastly, I shall tojch for a moment
or two on the practical applications of theory to the deve-
lopment of practice.

Oil/line of the Glaiidular Theory.

From my researches previous to the year 1S67, and
which formed the subject-matter of my previous lecture

here, I had discovered that the fluids secreted during
various stages of disease in some forms of communicable
disease could be made to propagate diseiss. A portion

of secreted fluid taken from a patient of Mr. Spencer
Wells, a patient who was suffering from surgical fever

following upon the operation of ovariotomy, had been
made to produce a definite form of fever in an inferior

animal by being simply brought into contact with the

peritoneal surface of the animal. The secretion from the

peritoneum of the affected anim\! was shown by further

experiments to have the power of inducing the same order

of phenomena of disease in other similar animals, and
through four generations of animals the phenomena were
repeated. These were the first experiments in which this

class of phenoaiena of disease by direct propagation and
repropagation were produced synthetically. They have
since been performed and modified in many ways, and
the origination of them has been assigned to different

experimentalists, but I am entitled to say they were the

first of the kind ; they were carried out in the years

1864-65, and they were communicated to the Association

of Medic-il Officers of Health in the year 1S65.

Duiing the same course of research I made an attempt

to separate the poisonous matter from the poisonous
secretion, and in one attempt of the sort I believed myself

to have Ijeen successful. Certainly I separated a sub-
stance which was exceedingly poisonous in its action, and
which, after the manner of an alkaloid, combined with

' A Theory as tu the Natural or Glandular Origin of tli3 Contagious
Diseases. Address by the president. Benjamin W. Richardsjn, M.D.,
F, R.S. , at the Sanitary Congress, Leamington, October 3.
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acids producing salts which were not only themselves
poisonous but which reproduced poisonous secretion. In
the lecture delivered in this place in 1867 specimens of

these salts and of the substance from which they were
derived were placed on the table.

To the poisonous substance, that is to say, to the base of
the poisonous matter of the communicable diseases, I gave
originally the name of scptinc, and I classified all diseases

that are induced by such substance, scptinous diseases.

Before this period the diseases had been named zymotic,
under the idea that they were connected with a process of
zymosis or fermentation. They are still commonly known
by that name. Since the name I suggested was given to

them, they have been called septic diseases, and the term
septicxmia has been brought into use in relation to them.
I am of opinion, with all respect, that the word septine,

as applied to the basic poisoiious matter, and the term
septinous, as applied to the phenomena, are the two
simplest and best terms we can employ.
As the inquiries which led up to the experiments with

septine progressed, I was led to form a view as to the
nature of the poisonous base and as to its mode of origin.

As I have already said it seemed to me to be an alkaloid, or
chemical substance resembling in physical properties mor-
phine, strychnine, and other bodies of that class, but de-
rived, not like them from vegetable, but from animal organic
matter. The difficulty in proving this lay in finding a
reason for the various effects of the septinous material.

If it were a common base like that which I suspected I

had found, why should it not always produce the same
form of septinous disease .' Why should it, on the other
hand, produce, as we know it does, many kinds of disease,

each having a certain general likeness to the others, but
each at the same time different in many important details,

as different, for example, as small-pox is from scarlet

fever, or measles from hydrophobia .''

The difficulty in this way suggested led me to reflect

on the connection which might exist between the bases
of the different secretions of the animal body and the
matter of septine. Each secretion yields some organic
product ; the gastric secretion pepsine, the salivary secre-

tion ptyaline, and so on, andeach secretion plays a different

part in function although the organic bases of them all

may present a general similitude of construction.

Thereupon I was led to the conception that the secre-

tions of the animal body are in fact the sources of the
septinous diseases, and that the various septinous diseases
are, in fact, all of glandular origin ; that in every case of
disease the poison producing it is nothing more and
nothing less than a modified form of one or other
secretion.

In the lecture of 1S67 delivered here a sketch was sup-

plied of the number of diseases which affect the human
family. They were stated to be about two hundred and
fourteen in number, that is to say, when we classify the

symptoms together so as to make them into great groups
to which we can give specific names, we may reckon up
two hundred and fourteen such groups of diseases.

Amongst these groups I described one group as depend-
ing for its cause on the action of organic poisons.

The diseases produced by the organic poisons were
classed as follows :

—

Small Pox.

Measles.

Scarlet Fever.

Diphtheria.

Typhus Fever.

Typhoid Fever.

Erysipelas.

Hospital Fever.

Puerperal Fever (or the fever

On the nature of the organic poisons which produce
the diseases I urged the following points :

—

which occurs to women in

child-bed).

Cholera.

Yellow Fever.

Ague.
Glanders.

Boil and Carbuncle.
Infectious Ophthalmia.

(«) That in every case the poisons are in themselves
specific. Each poison has a specific property, always
bringing out the same disease through countless ages.
From the time when man was first attacked by them, on
to the present time, I have no doubt that each of the
communicable diseases has been developed from, and has
depended upon one specific poison.

[b) That the organic poisons are inodorous, have no
smell whatever, and that no communicable disease ever
depends upon the mere gases of decomposition of organic
matter.

(<--) That as regards the organic poisons themselves and
their physical properties the great type of them all is
represented by the poison of any venomous snake. If we
puncture the poison bag, there exudes from it a fluid
substance that contains the poison. If we gently dry
that down, it becomes a darkish, somewhat powdery, half-
glistening mass. It is the type of all the poisons which
produce disease.

((/) That the special poisons are separable, and that
I had separated one of them, namely, the poison of
hospital fever. This is a secretion formed in the wound
of a person suffering from surgical injury, and as it

could be obtained in large quantities, it had been specially
selected for the purpose of experiment. The poison, when
obtained in large quantities, could bo evaporated to the
form of an extract or syrup, and produced, when dried,
a substance resembling closely the snake poison. It

admitted of being pulverised, and when introduced into
the wound of a healthy animal, it produced symptoms
similar to those of the patient from which it was taken.
A specimen of the poison of hospital fever, so prepared

was shown. It was extracted from the fluid of the peri-
toneal cavity of a lady who had been operated upon for
ovarian disease by ]\Ir. Spencer Wells.

ie) That ths poison thus obtained may be introduced
into the body in various ways ; that communicated to an
animal, it will give to the body of that animal the same
poisonous property as was possessed by the poisonous
substance first introduced ; the poison, that is to say,
could be passed on, and made to affect another animal,
and so through a series of subjects.

(/) That in the course of some diseases, these poisons
are separated by nature in an almost pure state. This is

singularly the case with regard to the poison of small-pox.
The poison of small-pox may escape from the surface of
the body, in an early stage, as a very fine vapour, and in
that way communicate disease. It may be communicated
in a fluid form, as we know when we use it by inoculation.
In a dry state, as in the scale of a small-pox patient, it ii

innocuous till it comes into contact with the water or with
the fluids of the body ; then it becomes poisonous.

(a' ) That the poisons will probably dry solid. In the
solid state they are inert, but they are capable of re-
absorbing water apparently after any lapse of time, and
of regaining their activity.

(//) That they admit of being charged with water almost
to any degree ; but that as we progress in charging them
with water, and diluting them with water, they entirely
lose their active power. This accounts for a fact which
was observed by the famous Dr. Fordyce in the last
century. At that time inoculation for small-pox was the
rule ; and Dr. Fordyce thought, " if he diluted the poison
he would produce a milder form of disease." In fact, he
was aiming in this way to produce what J enner afterwards
did produce by vaccination, namely, a modified small-
pox. He took the poison of small-pox, mixed it with
water, and refined it to a considerable extent, and he
inoculated patients with the diluted solution. He then
found out the fact—that, up to a given point, dilution made
no difference, the poison always producing the disease

;

but beyond that certain point of dilution there was no
disease at all produced by the solution—not even a milder
disease. This was in accordance with my experiments.
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from which I found that the organic poisons retain

their activity up to a given point of solution, and beyond
that the water renders them inert. Through their extreme
capacity for becoming watery, they lose their activity

altogether.

(/) That the poisons are transferable also by the vapour
of water, and in this way may escape from the living body.
So long as a person is affected with these poisons, and is

giving off vapour at a certain temperature, he is poisonous.

The poison is distributed by the vapour, and the vapour
is diffused in what 1 might almost call invisible spray.

The poisons are mechanically carried with the vapour, and
the vapour from the affected person may be absorbed by
the healthy person. But as soon as the body is dead, the

vaporisation having ceased, or a reverse process having
been set up,— that is to say, there being a condensation of
vapour as theresometimes isonthedead body,—the poisons
are no longer infectious in the ordinary sense of the word.

(y) That the poisons are harmless in their dry slate,

but commence to resume their activity in water. In
order to ensure their continuous action, they need
certain temperatures— certain degrees of heat ; that in

this respect one poison often differs materially from
another ; and that this marks out on the surface of the earth

a specific range for some poisons. For instance, the
poison of typhus fever is probably volatile, and condenses
with difficulty, with the lesult that it only lives at a given
low temperature, and that at a certain degree north of

the equatorial line, the disease ceases. There are other
poisons which require a greater degree of heat for their

distribution, of which the poison of yellow fever is an
example. If yellow fever be brought from a hot country
to one of our northern ports, it will not live. It may linger

for a few days, but as a rule, it will not extend.
(k) That the poisons are all capable of being destroyed

by various means. They are all destroyed, as already said,

by extreme dilution. They are all destroyed also by heat
and by oxidising agents. The mere exposure of them to

moist oxygen destroys them rapidly. The exposure of

them to ozonised, or electric oxygen, destroys them even
more rapidly than ordinary moist oxygen. Exposure of

them to chlorine is instantaneous destruction to them.
Exposure to iodine is nearly as effective, and if the

iodine can be diffused equally, it is as destructive as
chlorine. Exposure to bromine leads to the same result.

Exposure to nitrous acid has the same kind of effect, but
not in so marked a degree. Exposure to sulphurous acid
likewise produces destruction.

(/) That snake poison is destroyed by sunlight, and
that the destruction does not depend upon the temperature .

That bright sunlight is probably one of the means for

destroying the organic poisons.

(;//) That almost all the organic poisons are preservable
by cold, and that, in fact, there is no limit to the preser-
vation of them by extreme cold. The poisons are
preserved also by many antiseptics. Sulphur, creasote,
and arsenic, hold these organic poisons in preservation,
so that they preserve their active properties.

(«) That some of the poisons are only poisonous during
certain stages of their decomposition ; with regard to

the disease called hospital-fever, there is perhaps only one
certain stage when the secretions really contain the
poison. There is a certain given stage in the process of
the manufacture of the poisons when the secretions
change, and at that point the poisonous matter becomes
innocuous.

((?) That in considering the development of these poisons
it is a common error to suppose that they multiply from
a germ as offspring multiply from parents, but that what
occurs is this :—Each particle of any one of these poisons
brought into contact either with the blood of the living
animal or with certain secretions of the living animal,
possesses the property of turning the albuminous part of
that same blood or that same secretion into substance like

itself. The process of change is catalytic. It is a change
by which a body is transformed by the presence of some
other body which does not itself undergo change. The
multiplication of the poison thus takes place through the

force of secretion of the person alfected, not through the

propagation of germ from germ. For instance if poison
producing contagious ophthalmia be passed from the eje
of one person into the eye of another, presently there is a
free secretion. The secretion soon is profuse and is

affected by catalysis from the poison. If the inoculation has
been deep the whole animal will be affected ; if it has not
been deep only the eye will at first be affected. It is not that

the particle of poison has propagated a new panicle, but

it is that the natural secretion of the eyeball has come in

contact with a speck of poisonous matter, and imme-
diately at that point where the speck of poison was there

is a change in the secretion. This process widens the

circle, more secretion pours out and more poison is pro-

duced, and the increase goes on until in the end the whole
body of the animal may become affected by absorption

into the body from the injured surface of poisonous matter :

ultimately, i.e., the poison is absorbed into the blood.

(/) That as a general rule the human body furnishes

all the poisons that the human body suffers from, that is

to say, there is a progression of poison from one body to

another, and that ordinary secretions may change and
become poisonous without previous infection. This, I

showed, had been remarkably brought out in the case of

puerperal poison, where a secretion irom the hind of the

accoucheur had produced puerperal fever. In the case of

peritonitis, or inflainmation of the peritoneum, there is a
secretion which may be carried on the hand of a healthy

person and reproduce the disease. Typhus may be pro-

duced by the overcrowding of persons in a room through
the vaporisation of organic matter at alow temperature.

Thus we may have springing up de novo an organic poison
which afterwards, on being mtroduced into one particular

body, becomes increased by the secretions of that body.

{q) That as regards the mode in which the organic

poisons may be transmitted, they may travel in each of

three ways. They may travel by means of sewage as dry
solid matter; and all the poisons do this constantly.

They may be wafted in the air, or carried by means of

linen saturated with the secretions of patients and dried.

Again, they may travel in water or in water suspended in

the form of vapour.

(;•) That the mode of the entrance of organic poison into

the body, when they enter by contact, varies with the

different poisons, the character of the poison changing
the mode of its introduction. The poisons of measles,

scarlet fever, and typhus are inhaled. The poisons of

small-pox, diphtheria, glanders, erjsipelas, hospital-fever,

and ophthalmia, require direct contact. The poisons of

cholera, 5 ellow fever, and typhoid fever seem always to

be swallowed poisons, and may be called, spec fically, the

poisons of sewage, and therefore mostly travel in a fluid

form. They may, nevertheless, travel for short distances

as fine dust, and they may travel in water in the form of

vapour.

The thought that the poisons of the various spread-

ing diseases are poisonous secretions, and nothing more,
came naturally out of my researches. I realised, as it

seemed to me, that all these spreading and commu-
nicable diseases spring out of the living animal body.
That they are as distmctly the offspring of living ani-

mals as real progeny are, and that to look 10 outside

sources for them, to look to vegetative growth for them,
for example, or seedling, is merely to ignore the basic

facts which lie obviously before us for lesson and learning.

As well suppose that procreation of animals is due to an
external vegetable product or other product dissevered
altogether in its origin from the animal as that the poison
which creates disease of a communicable kind is in such
manner dissevered as to its origin.
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Another thought which occurred to me in the course of
my labours, and which I expressed in those earhest

records of them, has relation to the force by which the

poisons of the various diseases are developed and thrown
off. It is well known that the production of the poisons
in a living body infected by one of them is limited in

respect to duration of time of production even when the

body lives and recovers. This fact seemed to me to

prove to demonstration that the poison itself is produced
by the affected body, and is determined in its production
by some natural function of the body or of some part of

it. On the basis of my theory, that the poison in every
case is a modified secretion, this view of the force of pro-

duction of the secretion is easily accepted as in accord-

ance with natural law. The force of production is the

force of secretion, and so long as the secretion continues
changed in character, so long it is thrown off as a
poisonous secretion. But so soon as the modification of

secretion which rendered it poisonous is stopped, so soon
the secretion, flowing onward as before, is rendered
innocuous, that is to say, no longer poisonous. If this

were not the case, there is no reason, as far as I could
see, why, in every instance of infection the infected

person should not die. Endow the poison itself with

independent forces of life and of reproduction, give to it

a distinct reproductive life of its own ; then why should it

ever cease to reproduce.' Why should it not in every case
continue to increase within the infected body indefinitely

until it kills the body, and why should any one ever

recover .' But consider the poison as a part only of the

animal body itself, a substance to be eliminated from the

body by natural methods and then the process of removal
of the poisonous condition comes into the natural course
of events, and recovery is a natural process, unless

some unusual conditions occur to interrupt the natural
course.

We see in a common nasal catarrh the outline of
this scheme. There is first a dryness of the secret-

ing surface, with refle.\ nervous irritation and much
nervous depression and disturbance thereupon in the

circulation of the blood. After a time there is a
copious secretion from the nostrils, which continues
until the disturbed nervous balance is brought back
to steady natural action. At that time the excess of
secretion is checked, and nothing more is left than the

local effects of hardened secretion or scale due to

the desquamation caused by the excessive previous
action. In outline this is really the natural course of

every epidemic disease, with the exception that the secre-

tion of a catarrh is not definitely proved to be a conta-
gious secretion. I believe it may be so, and sometimes
is so ; but I need not press the point. The illustration is

adduced merely to show that the course of the disease is

from within outwards, and that it is checked in its course

by restoration of internal natural function. If catarrh

were produced by some external vital agency, reproduc-
tive in character, fighting upon the nasal tract ; if it were
due to the colonisation of the nasal tract by an army of

foreign invaders which settled there and began and con-

tinued to replenish and multiply, when would the catarrh

cease? It would, as far as I can see, continue, until by
destruction of parts and continued abstraction of secre-

tion and extension of mischief over a wider tract of sur-

face, it killed inevitably.

A catarrh, according to my view, as it was originally

expressed, is typical of all the diseases which run
a given course, and are called spreading diseases. It

springs up constantly from external atmospheric varia-

tions ; it runs a given course ; it subsides. It is an
epidemic, and it would be a true contagious epidemic
if the matter secreted from the nasal cavity and the

conjunctiva were not so innocuous. As I have hinted

already, I believe it may be contagious. I am quite

sure that many times in my life I have taken catarrh

by coming" near to a person who was affected by it, but
whether this contagion is sympathetic or toxic, I am
not able to define. On these intimate relations I shall
have more to say on a future page.

The Germ Theory.

In the ten years that have passed since the time named,
another hypothesis in reference to the spreading diseases
and in relation to their origin from particular poisons has
been brought prominently forward. Owing chiefly to the
simple name which has been given to this hypothesis,
and the commonness of the analogies on which it is based,
it has gained much popular favour— I 'need hardly say
that I refer to the so-called germ theory of disease.

This hypothesis has been most prominent for eight or ten
years, but it is really a very old speculation indeed, perhaps
one of the oldest in medicine. It has its root in the fancy of
the analogy that as seed cast on the ground yields, or may
yield, a certain harvest after its kind, as a field or garden
plot may become fertihsed by vegetable seeds or germs
which may come to it borne by the atmosphere or by
other modes of conveyance, so the body may be infected
with germs of disease, which germs, being received in the
body as a field for their reception, may increase and
multiply in the body, and by their presence excite the
phenomena which particularise all the special diseases of
a communicable kind.

In modern times Dr. Grove, late of Wandsworth, was
the first to advocate this hypothesis, and I need not tell

a learned assembly like the present tint it has been most
energetically advocated more recently by many of the
ablest foreign and English men of science. In the
course of the discussions and of the researches which
have been conducted on this subject much knowledge
has, I am sure, been gained in the domam of natural
history, and much interesting discussion for history has
been written on the origin of some forms of life. But I

protest that the attempt to connect this knowledge with
the phenomena of the various communicable diseases, so
as to suggest, or, as some do, to assert, that the diseases

in question arise from germs, and that the person
afiected with a contagious disease has been fertilised

like a piece of ploughed land or virgin soil by a crop
of germs, and that in turn he is the soil in which
another crop is being produced by the independent in-

creasing and multiplying of the germs in him, I protest,

I say, that this hypothesis is the wildest, the most
innocent, the most distant from the phenomena it

attempts to explain, that ever entered the mind of man to

conceive. What most astounds me is that men who are
conversant with the practice of physic, who are treating

diseases of a communicable kind every day, should for a
moment connect such a hypothesis with the phenomena
they have under their observation. Does any one of them
believe that hydrophobia is from a germ, that syphilis is

from a germ, or other diseases I need not specify ?

It is suggested by some advocates of the germ speculation
that the cause of the communicable diseases is after the
manner of the putrefaction of dead organic matter. Does
any physician who thinks as he observes, see anything
like a general rule of putrefactive change in the contagious
diseases ? He may of course see local decompositions of

secretions and of blood itself in the course of any of the

diseases, but these he knows are all secondary results,

while he may see and constantly does see all the diseases

running their course without any sign whatever of the

kind. Nay, in regard to one disease— cholera—he may,
as I have done, see it run its fatal course and leave the

dead bodies as loth to decompose as if they had been
embalmed. Again, does any physician, who thinks as he
observes, fail to see that the first symptoms of every one
of the contagious diseases ai'e purely nervous symptoms,
that they indicate nervous irritation, and that the par-

ticular local injuries which occur are not primary at all,
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but nre dependent on srecial nervous change modifying
nutrition nt the part. Between a boil or abscess and a
pustule of small-pox what is the difference except in

degree of purulent matter formed at one point of forma-
tion of matter?
There is nothing whatever in fact in the clinical history

of plagues that connects them with the hypothesis of an
origin from germs produced without the body and enter-

ing it to fertilise it and create a decomposition. When I

fay there is nothing, I mean there is nothing except the

analogy of which I have spoken above, and even that

breaks down, for the analogy of the fertilisation of a field

by seed means always a definite process of fructification

and of results from it ; whereas in the history of epidemic
plagues there is no such definition.

The germ hypothesis fails, however, on other grounds
than the clinical. If it were true that living germs
possessing an independent growth and vitality enter the

animal body, that every disease of a communicable kind
is due to its own external living germ, and that the germs
continue to multiply and increase by an independent
action of their own ; if this be indeed true, why do the

germs after a certain time cease to multiply and allow

the sick person to recover ? Why do they not go on
multiplying until the person is infested in every pait and
fatally stricken ? Who would get well from a disease

due to living self-propagating contagions 1 Again, who,
if the hypothesis were true, would escape fertilisation ?

A general fertilising diffusion of self-propagating matter
in minute invisible form entering the body as the air may
enter could hardly be expected to select a small minority
of a population, and if it did so at the first, why should it

do so when it had seized upon many centres in which it

could increase. But the history of all the communicable
diseases shows that each epidemic affects individuals
individually at different periods in the course of the
epidemic according, as a rule, to exposure to the infected,

and that the period of the disease is limited by a
development and a course rendered in certain periods of
time.

I need hardly add in objecting to this germ hypothesis,
because the fact is admitted, that not only has no one
ever seen a germ of disease, but that no one has ever
traced any order of germination in relation to any of the
communicable diseases. When a really living self-pro-

pagating thing goes through its phases of life and action,
like, for example, the yeast growth, we can trace it

through its course of action on organic substances, and
can study its effects, the changes it produces and the pro-
ducts of such changes. In the epidemic diseases we
have no such guidance, no trace of it. Their phenomena,
indeed, are opposed to the idea of the self-action of a
foreign vital material.

Later Observalions on tlie Claitdiilar Theory.

I turn again to a brief review of the glandular theory of
the origin of the contagious diseases, and of the advances
I have made in support of that theory during the period
of the past ten 5 ears.

In that time I have seen no reason to change my views
on the subject of the glandular origin of the communi-
cable diseases. On the contrary, every new observation
has tended to confirm it and to make as I think the
demonstration of its truth the more definite.

In continuance of observation 1 have noted that the
number of the distinctly communicable diseases is closely
related with the number of secretions. The poison of
hydrophobia is from the salivary secretion ; of diphtheria
from the mucous glands of the throat ; of scarlet fever 1

believe from the lymphatic glandular secretion
; of

glanders from the mucous secretion of the nasal surface
;

of typhoid from the mucous glands of the intestinal

surface; and so on. In some instances the blood itself

is infected, and the corpuscular matter becomes the seat

of the catalytic change.
A second point which has occurred to me is that the

matter or particle which sets up the poisonous action,

instead of being living matter, is matter actually dead,
and that its eftect for evil depends, in fact, upon its being
dead. I mean that the dead particles of organic matter in

contact with living are the cause of the physical change
which transforms the new particles of secretion into

poisonous particles as they are brought up to the infected

surface to be influenced by the infection.

On the ground that the poisons are always of glandular

origin I have been led to the conclusion that under certain

influences affecting glandular action the poisons may be
made to originate directly through nervous impression
without the necessary intervention of an infecting particle.

In many epidemics it is common to see a number of

examples of the prevailing disease the origin of which is

traceable only to fear or anxiety. We call these nervous
cases, and we try to define them as such and as distinct

from cases due to contagion of a direct kind. But the

symptoms are the same as those which follow actual con-
tagion, and in epidemics of cholera they take even a fatal

character. My theory explains fully the reason of this.

It indicates that an extreme nervous impression acts on
the glandular nervous supply, paralyses the glandular
function, and thereupon produces the same phenomena
as is produced in other instances by the action of a specific

poison.

The theory in this manner accounts for the origin of an
epidemic disease from an impression made on the nervous
system without the direct contact of poisonous matter, as
well as for the after-propagation of the disease by distri-

bution of poisonous particles when that is communicated
from an infected to a healthy person. It accounts equally

well for the production of disease and of a poisonous
glandular product under conditions of starvation and cold,

by which the nervous tension is reduced. Again, it

accounts for the production of disease and of a poisonous
glandular secretion under special atmospherical conditions

m which the activity of the atmospheric oxygen is reduced
in sustaining power.

It has occurred to me further, as a result of the study
of the action of the poisonous particles, that when they
are brought into contact with the secreting surface, their

action towards the body at large is, in the first instance,

directly on the nervous fibre. The poisons act in the first

instance as irritants on the peripheral nervous surface,

and their effect may, I believe, extend particle by particle,

as by diffusion, through the whole length of the nervous
cord to the nervous centre. I have no doubt this is what
slowly takes place in hydrophobia. I believe this is what
takes place in diphtheria when paralysis is the sequel of the

acute symptoms of the malady. I believe the same mode
of progression of the poisonous influence is what happens
after inoculation with matter of small-pox, that the
severe nervous symptoms which mark the onset of that

disease are due to the extensive injury inflicted on the
nervous organisation, and that the diffusion of the erup-
tion over so wide a surface of the skin and mucous mem-
brane is the reflex on the peripheral nervous surface from
the nervous centres.

It is worthy of special notice in connection with this

part of my subject, that in the communicable diseases
attended with an eruption on the skin or nervous surface,

the eruption, as a rule, takes a circular form. If it be a point
of vascular blush, a patechial spot, it is a rounded spot ; if

it be a pustule it is rounded ; if it be a more diHused rash
it commences in centres which are rounded points. This
appearance is an indication of nervous injury. The
rounded surface is the radius of injury done to the ner-

vous supply of that part. It is a paralysis of the centre
of nervous distribution over the affected part. My re-

searches on the influence of extreme cold on nervous
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unction is strikingly illustrative of this fact. They
suggest that the nervous impressions sent from the cen-
tres to the peripheral surface when they reach the peri-

pheral surface, as on the surface of the skin, spread out
like circling waves, just, in fact, as water spreads out in

circles on a pool when a stone is made to impinge on the
surface.

Some other recent investigations on the mode of action
of the poisons of the communicable diseases has led me
to suspect the source of the symptom which is so com-
mon to most of them, and which is known as the atten-

dant fever. The fever is of three kinds : primary,
reactive, and remittent. The primary fever is that which
precedes and attends the eruption of an eruptive disease.
The reactive fever is that which succeeds the extreme
collapse of an acutely-exhaustive disease like cholera, or
an exposure to extreme cold. The remittent fever is that

which succeeds upon an acute form of disease, and indi-

cates either that there has been secondary absorption of
matter from an abraded surface in contact with poisonous
substance, or that some fibrinous or pustular matter
has formed within the body, as it were, and become a
new and permanent centre of infection.

The first of these forms of fever is, I believe, due to

the impression on the nervous centres by the poison in

the manner I have described above.
The second, the reactive fever, is, I believe, due to the

same action as that which locally may be induced by
extreme cold, viz., by an influx of blood into vessels that

have been paralysed, and by a rapid radiation of heat
from extensive surface of blood.
The third form of fever, the remittent, has an origin,

I believe, specifically its own. I have found that pustular
matter and all secretions containing fibrinous or cellular

structure have the property, by their presence, of libe-

rating oxygen from solution. This extends, as I have
found, to blood charged with oxygen, and I am led to the
inference that when there is an absorption of such matter
into the circulation it causes an undue liberation of oxygen
with a quicker combustion, a fever which lasts until the
e.xciting matter is itself destroyed and eliminated, and
which

I
does not recur until there is re-absorption of

more of the exciting agent. In this physiological mode
I should explain all the phenomena of the remittent
attack; the cold stage incident to the absorption of the

exciting matter ; the hot stage incident to the period
when, by its presence, the exciting matter is setting free

excess of oxygen ; the sweating stage when, by rapid

elimination through the sweat glands, the equilibrium of

temperature is restored.

The study of the glandular theory of the communicable
diseases has suggested to me another thought which ob-

servation of the diseases fully confirms, viz., that these

diseases, like all which have their root in nervous derange-
ment, present a distinct heredity. The impression of

disease made on a nervous centre is transmitted. There
can be no doubt as to transmission of tendency to

particular communicable diseases. Any physician in full

practice can find any amount of evidence on the fact by
simple natural inquiry. Typhoid fever is clearly a disease

possessing hereditary transmissible quality. Diphtheria

is the same. Scarlet fever is the same, and small-pox I

should suspect was once almost universally so character-

ised. These facts alone, one of them alone, is sufficient

to stamp the origin of the communicable diseases as from
the animal body itself. It is certainly one of the best of

proofs of the truth of the theory of the glandular origin of

the poisons. It will be seen at once by those who look

with sufficient patience, that the mode of connection of

the diseases in hereditary line is the same as that which
connects hereditary qualities of every kind, physical type,

mental type, all else that binds many individualities into

one family.

Lastly, the study of the glandular theory of the commu-

nicable diseases enables me to offer tlie the most rational
explanation of the phenomenon of non-recurrence of the
diseases after they have once attacked a person suscep-
tible to them. It is well understood that, as a rule, a
person who has been affected by a communicable disease
is not affected a second tiine. To this rule theie are
many exceptions, but on the whole it holds good. On
my theory the reason of the phenomenon is simple
enough. They who are susceptible are born with a
nervous impression tending to the production of a glan-
dular secretion easily changed into poisonous secretion
under the direct action of contact with poisonous matter,
or even under the influence of a central nervous de-
piession, whereby the glandular function is deranged.
But when such a person has passed through the ordeal
the tendency, for a time at least, disappears owing to the
complete modification of glandular function that has been
induced, to the free elimination that has been established,

and probably to the change in the nervous matter itself

that has resulted from organic modification. Hence the
organism becomes susceptible for a time, and if the
tendency be not intense that time may mean the whole of
the life. Indeed as life advances and nervous suscepti-

bilities derived directly from ancestry lapse into individual

self-sustained susceptibilities, these tendencies to disease
subside as a general fact, and lose their activity if not
their existence.

I turn, in conclusion, to consider for a moment from
the view of the glandular theory of the communicable
diseases, the practice that is suggested for the suppression
of the plagues of mankind.

It will be seen at once that on this point nothing can
be wider than the distance between the idea of contagium
as a living self-productive thing, reproductive and inde-

pendent, and the theory of the production of the contagium
in each aftected person by the force of production of
his own secretion. The latest and one of the ablest

advocates of contagium vivum. Dr. W. Roberts, says,

respecting contagium:—"We know of nothing that ex-

hibits the phenomena of growth and multiplication except
a thing possessed of life."

I admit that readily, but my argument is that the pro-

cess of secretion is a process of life, and that this living

process, perverted as I have described, is amply sufficient

to account for the production of all the poisons that exist

to cause the communicable diseases, that it accounts for

the number of these diseases, and more, that it accounts
for the limitation of the number.

The Glandular Theory in its Applicaiion to Practical

Sanitation.

The practical usefulness of the theory, however, con-
sists in its direct application. If the contagium vivum
view be true, if the air around us is charged with invisible

germs which come from whence we know not, which have
unlimited power to fertilise, which need never cease to

fertilise and multiply, what hope is there for the skill of

man to overcome these hidden foes } Why on some
occasion may not a plague spread over the whole world,

and destroy its life universally ?

My theory presents an altogether dilferent aspect. I

say to living men and women, it is you who are the pro-

ducers of the communicable diseases, or if it be not you
yourselves it is one of your lower earthmates in creation,

some domestic animal that shares with you the power of

producing a poisonous secretion and of giving a here-

ditary stamp of production to such poisonous product. I

look on the man or animal affected with a contagious

disease as one precisely, for the time, in the position of

the cobra or other animal that naturally secretes a poison,

and recognising this fact I see at once that the danger is

all but limited to the person affected.

Isolate that person from the rest of mankind, take care

that his secretions, volatile, fluid, or solid, do not come into
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contact with the secretions of susceptible healthy persons,
and the danger is over. With the recovery of that person,
that is to say, with restoration in him of a natural secre-

tive process, the poison is destroyed ; or should he unfor-
tunately die, then with the death of his power to produce
further secretion the danger is over, unless from his dead
body some of the poison formed before the death be actually

carried away to infect. In a word, if my theory be true,

we sanitarians have complete mastery over the diffusion

of the poisons of all the communicable diseases. We
have but to keep steadily in view that the producing and
reproducing power is in the affected body, and we can,
even with our present knowledge, all but completely limit

the action to the propagating power of that body— its

power, I mean, of secretion and diffusion of secretion.

Beyond this, if the theory be true, we must expect, as
we reduce the communicable diseases of one generation
to reduce the tendency to them in the ne.\t generation, so
that in time the heredity to particular spreading disease
shall be thoroughly wiped out.

The theory suggests a profitable line of research on the
subject of the production and reproduction of some of the
poisons by the Inferior animals and their transmission in

that course to man. It brings all the inferior animals, in

respect to their health and comfort, under our especial

human care, not only for their sakes, but for our own
self-preservation.'

Finally, the theory suggests to those v/ho are engaged
in treating diseases of a communicable kind the best
means of arresting the progress of a communicable
disease even when the phenomena of it have been
developed in an individual. It leads us physicians to

take a precise view, in each such case, of the nervous and
glandular processes that are out of the natural order of

work ; it suggests to us to seek for remedies amongst
chemical agents which affect special secretions ; and it

shows us how to place the sick under such conditions

that the secondary absorption of their own poisonous
secretions,—that deep absorption which, according to my
experience, is the actual cause of death in the great

majority of cases of contagious disease,—may be avoided.

In every direction, in fine, in prevention and in cure, the

glandular theory of the origin of the communicable
diseases opens practical work and hopeful work.

I have for some time past sought for a favourable

opportunity of once more putting forward this theory of

the natural origin and cause of the communicable diseases

of men and animals. The present is opportune to the

fullest degree, and therefore I have seized on it. I am
too earnest after search of truth for its own sake, too

certain that in science everything false must fall, and every-

thing true must remain, to feel any sense of anxiety as to

the fate of my simple theory, by the side of the doctrine

of a living contagium. If my doctrine be as true as I

believe it to be, it will live, whatever force be arrayed
against it. If it be not true, I would be of the first to

welcome its end, and to hail the ascendency of what is

absolutely provable and certain on the momentous
questions that have occupied our attention.

Meantime, I know I could not do a better thing for my
own views than submit them once more to the public eye

through the audience which has now so attentively

listened to the argument.

NOTES
There has been a great deal of talk during the last few ilays,

by prominent public men, on the advantages of some equivalent

for university education for all the' people, an education, too, in

which science would be allotted a just place. Last week a

Nottingham, the Earl of Carnarvon and Mr.' Gladstone said much

that was at least true on the advantages of an institution such as

that newly founded at Nottingham, and each from his own

standpoint lauded the advantages of wide culture for all classes.

Both Mr. Gladstone and Mr. Forster on Tuesday at Bradford

seemed distinctly to approve of the movement for creating

Owens College a University, and tlie only difficulty now seems to

be the question of power to grant degrees. But surely those who
are so eager on the latter point forget to distinguish between the

shadow and the substance ; the question of degrees will no doubt

settle itself after the University has been established. Still we
hardly sympathise with the trade-mark view of degrees propounded

by Dr. Appleton in the Times. Bass's or Allsopp's label is imitated

because their ales have a high and no doubt well-deserved reputa-

tion. But there were good ales before the names of either of the

Burton brewers were heard of ; there is the fine old Oxford ale,

for instance, which, to judge by the public taste, has been improved

upon by its new Burton rivals. Mr. Forster, however, we must say,

seemed to think Oxford deserving of a word of praise forits present

activity. Mr. Forster's address at Bradford was no mere essay on

the beauty of culture, but the weighty utterance of a " practical

"

man who is foiced to confess that he daily feels the immense
disadvantage of having had no early training in science. He
produced liimself, in fact, as a practical comment on .Sir John
Lubbock's previous advocacy of the introduction of science into

elemental y schools. "His ignorance of science," he said, "his

want of having been taught elementary laws of science when
a boy, he felt every hour of his life, and it was too late now to

learn. Science, if learnt at all, must be learnt in boyhood, and
it was really disgraceful that in this civilised country, in this intel-

lectual age, any one should be brought up in ignorance of the

laws of nature, upon the breaking or keeping of which depended

our happiness, our lives, and almost everything that relates to us.

What a loss of pleasure, and what a different world the outside

world of nature would be to him, if he could look around and

understand the meaning of the various forces which were at work
;

and there was no doubt that a boy, even at an elementary school,

if he learnt the elements there and went on afterwards, would get

that kind of knowledge of the laws of science that it would

become easy to him. There was a great talk about the dead

languages. He was not going to say anything against them.

Latin was almost a necessity to a man of culture, and Greek was

of use ; but why should nature, whichspoke to us in so many
ways, be a dead language to us ? And therefore, if it came to this

question—Whether we were to have classes on special subjects

in elementary schools, classes for grammar, predicates, and a great

many long words which he hoped nobody would examine him in,

or for science—he certainly should go in favour of science."

These are weighty words coming from a man of Mr. Forster's

experience and "common sense," and indeed make us hope

that things are progressing, and that we shall not now have long

to wait before science is introduced not only into colleges, but

into schools of all grades. Mr. Forster concluded by admitting

that the German vi'orkers were superior to ours in tlie fact that

they added to practical training scientific knowledge, and that

he saw no reason why in secondary and even university educa-

tion voluntary efforts should not be seconded by State aid.

M. YvoN ViLLARCEAU has been appointed "Administrateur

Provisoire" of the Paris Observatory by an order of the Minister

for Public Instruction, dated Saturday last. M. Villarceau held

a similar office after the death of Delaunay, before the reappoint-

ment of Leverrier. Nothing has been said yet as to the appoint-

ment of a successor.

At the Guy's Hospital conversazione, on Monday evening, a

new government filter, invented by Major Crease, was shown,

which reduced strong tea and infusions of logwood to clear

tasteless water. The nature of the filtering material is not made

known.

The white whale, which was brought from America and

placed in a tank (50 feet by 25) of fresh water in Westminster
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Aquarium last Wednesday week, unfortunately died on Satur-

day morning. In the course of the first few hours after

being put in the water the whole of the skin, piece by piece,

peeled off, and after this the whale appeared t ) be more com-

forlable, fed well, and adopted a less restless style of swim.

The change in its condition in two days was remarkable. In

consequence of its journey it had been for twelve days without

food, and it was on arrival so thin that the spinous processes

formed a ridge two or three inches high along ihe back. In

two days, however, feeding only on eels, it had regained its

normal appearance, but, as we say, expired on Saturday morninj.

A post mortem examination was made by Prof. Flower and Prof.

Garrod, assisted by Dr. Bond, of Westminster Hospital and Mr.

Henry Lee. Everything was in a healthy cordition except the

lungs, which had quite lost elasticity, and in winch inflammation

had evidently been set up some time. Plastic pneumonia was

the cause of death. The stomach, notnithstinding the twelve

days' fast, had been working naturally, and some partly-digested

eels were found. There was abundance of healthy-looking fl :th

iu all parts of the body, which w.is not expected. I'he skelet 'n

is to be exhibited at the Aquarium, end the viscera and brain

have been presented to the College of Surgeons. The specimen

was a partly-grown female Beluga or White Whale, nine feet six

inches long. Prof Wyman, of Harvard, published a descrip-

tion of one he dissected in the Boston yoiirnal ofNatural History,

vol. vii. ,
giving it Lesson's name. Beluga borealis. In Europe it

is generally called Delphiitafterns loiica! (Pallas), the generic

name being that given by Lacepede in 1S04. Some of the daily

papers have unfairly commented on the whale being put in fresh

water. If the writers had taken the trouble to turn to "White
Whale " in Bell, they would have found this statement : " It is

abundant in Hudson's Bay, Davis Straits, and the Arctic Ocean

generally. ... It seems partial to large rivers ; in America it

ascends the River St. Lawrence as far as Quebec, and in Asia

Schrenk and Nordmann state that it goes far up the River Amur.

"

It is stated that one was kept in fresh water in New York for three

years, fed on eels. The weight of the brain of this Wes'minster

specimen has been ascertained by Prof Flower to be 63 oz., an

unusually high amount in proportion to the size of the animal.

One peculiarity of this whale is that all the cervical vertebra; are

separate. Several details of practical importance with reference

to the carriage of large cetaceans have been learnt from this ex-

periment, among the most important of which is the fact that

unless the water-tank, in which it seems most reasonable to sup-

pose that they would best travel, is sufficiently large to allow of

the tail beirg brought well into action the creature is certain to

be drowned from inability to reach the surface that it may
breathe. Considering the difficulties attending the enterprise it

is surprising how the animal arrived in this country without a

trace of injury ; and that inflammation of the lungs should have

been the cause of death in an aquatic species was equally little

to have been expected.

Prof. Quinxke, the successor of Kirchhoff at Heidelberg, is

now in this country inspecting the various laboratories and

collections of apparatus.

The long-talked of Conference of Librarians commenced its

nrcetings on Tuesday at the London Institution under the pre-

sidency of Mr. Winter Jones, librarian of the British Museum.

Several papers were read on 1 uesday and yesterday bearing on

the organisation and utility of libraries, and we trust that the

multitude who have for one purpose or another to deal with

books and libraries will reap much benefit and decrease of worry

by this congress of library officials. We would strongly com-

mend to the attention of the members of the congress the

letter published last w^eek, from Prof. Mallet, of Virginia,

advocating the organisation of a staff of searchers in connection

yvith all our great libraries. Even the most devoted laboratory-

worker must sometimes consult books, and it is desirable that

this may be done with a minimum of waste of energy and time.

The Birmingham and Midland Institute was opjned for this

session, on Monday, by Prof. Tyndall, who gave an interesting

address which we are glad to see is printed at full length in the

Times.

Advices have been received from the Howgate Arctic

schooner Florence, dated Cape Breton, August S, up to which

time the vessel had had a very comfortable and satisfactory

passage. The arrangements for the accommodation of the

naturalist and meteorologist prove to be quite ample and satis-

factory, and already collections of natural history of some interest

hive been made.

Our Paris correspondent writes that important news has been

received from M. de Brazza, the leader of the expedition to the

Ogove, West Africa. Brazza writes from Doume, a village beside

one of the numerous cataracts of the river, in o' 16' S , and

13° 20' E. The river is stated to flow from the south for a

considerable distance, when it turns southward at or across the

equator. The natives inform Brazza that the Ogove stretches a

long way eastwards, and it is thought possible that it may cjme

from some interior lake. Brazza seems to think that the

Libumba, an afllaent of the right bank of the Congo, may be

also connected with the Ogove. As we hinted last week, it

seems probable, since Stanley's discovery, thrt the Congo and

Ogove are connected in some way.

The sea coast branch of the United States Fish Commission

his been at work for some time. The steam tug Spetdwcll, a

powerful vessel of 300 tons, commenced operations at Salem,

Massachusetts, about August I. Unexpectedly rich results were

obtained in that vicinity, embracing not only many rare forms of

animal life, but much of practical importance to the ftAeries.

Several places were found abounding in fi-h previously unknown

to the fishermen of Gloucester an 1 Marblehead. Flounlers of

marketable size in immense numbers were taken of a fpecies

(Glyftoeephaltis cynoglossiis) i)Tev\o\\s\y entirely unknown on the

American coast. Leaving Salem on August 19, it arrived at Hali-

fax on Wednesday the 22nd, trawling and dredging the greater

part of the way. In the course of this journey many new animals

were collected of much interest to naturalists, among them

several species of Greenland fi h hitherto never detec'ed south

of that country.

In Guido Cora's Cosmos, vol. iv. No. vi , we have an

original chart of the Bay of Assab, accompanied by an elaborate

description of the bay, the islands, and the adjacent continent,

together with sailing directions. It apjicars to be somewhat

better than Ih Red Sea Cliart issued by the English Admiralty,

but probably a drawing on a larger scale by Moresby or others

IS lying at the Ilydrcgraphical Office. The bay is on the African

Coast, and is about forty miles from Perim Island, at the mouth

of the Red Sea, and the same distince frcm Mocha. The most

interesting point of this chart is that an area of some four miles

by one mile and a-half is claimed for Italy.

M. Herpin, an old professor of mathematics and cosmo-

graphy, is about to publish, through Baudry of Paris, an astro-

nomical dictionary, quite a novelty in French scientific literature,

since the astronomical part of the great Encyclopaedia was

published at the end of the last century.

An International Congress of Botany and Horticulture will be

held at Paris during the International Exhibition next year.

The Congress will open on Aujust 16, 187S, and will last a

week.

The Cunard steamer Aoyssiiiia, which arrived at Queenstown

on Sunday, experienced fearful weather from the 22nd to 27th

ult.—gales from west, north-west, to north. On the 25th, lat.

45-38 N., long. 4rs6 W., she met a cyclone from north, and
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was hove to for twenty-seven hours. This is believed to be a

cyclone which recently started from the American coast and

which thus vanished in the ocean.

The geological survey of Brazil, which has been in progress

for several years under the direction of Prof. C F. Ilartt,

formerly of Vassar and Cornell Universities, United States,

was lately for a short tiine threatened with suspension, but the

proposal was countermanded and increased strength given to

the commission after an investigation of all the circumstances.

The temporary stoppage of operations was used advantageously

by Prof, llartt in placing the collections made by him in good

order, and his parties have again entered the field in pro.

secution of their objects. Amontj the more important results so

far accomplished by the survey has been the discovery of the

existence in Brazil of the Silurian, Devonian, carboniferous,

triassic, Jurassic, cretaceous, and post- tertiary formations, all of

them furnishing well-characterised fossils in great variety, and of

which large numbers have been collected by the commission for

its investigation, and for purposes of distribution in Brazil and

of exchange with foreign establishments. So far no well-

defined tertiary has been found to exist in Brazil. The survey

h:js also been very successful in its ethnological researches,

especially among the kitchen-middens o*^ Santa Catharina,

Parana, Sao Paulo, Baliia, and the Amazonas, the results of

which have been announced in part, although much of interest

yet remains to be published. The researches in the coral reefs

have been made the occasion of securing numbers of marine

animals, all of which add to the resources of the survey. In

connection with other operations, numerous photographs of

scenery, of geological stracture, and of the native races, have

been taken.

The death of Dr. Abraham Sager, an eminent anatomist

and physiologist of the United States, took place on the

6th of August last. Dr. Sager, in 1837, was placed in charge

of the botanical and zoological departments of the Michigan

Geological Survey, and embraced this and subsequent oppor- I

tunities to make large collections, which are now the property

of the Michigan University. His investigations into the em-

bryology and development of the tailed batrachians have added

much to our knowledge of those forms.

The bust of Sir Thomas Stamford Raffles, F.R.S., first

president of the Zoological Society of London, has been placed

In the new lion house of the Society's Gardens.

The following foreign works have been sent us by Messrs.

Williams and Norgate :
—"Die kinetische Theorie der Gase,"

by Dr. Oskar Emil Meyer (Breslau) ;
" Christian Gottfried

Ehrenberg," by Johannes Ilanstein (Bonn); " Phenomenes

physiques de la Phoiiation," by J. Gadarret (Paris); " Er-

gebnisse physikalischer Forschung," by Dr. C. Bohn (Leipzig)
;

" Physiologische Methodik," by Dr. Richard Gschiedlen (Braun-

schweig) ; "Synofsis Rubarum Germanise," by Dr. W. O.

Focke (Bremen) ;
" Lehrbuch der Analysis," by Rudolph Lip-

schitz : vol. \. (Bonn).

Dr. F. a. Forel, of Geneva, an energetic advocate of the

doctrine of evolution, in an article published in the August

number of the Archives dis Scimces physiques ct nalurcUes, pro-

poses the application of natural selection for successfully healing

certain diseases of silkworms, and also for rendering the Euro-

pean species of vines proof against the attacks of phylloxera.

In the first matter experiments have already been made to a cer-

tain extent, and have been crowned with perfect success ; in the

case of vines the experiments are still to be made. The Sep-

tember number of the same journal, which is unusually bulky, is

entirely devoted to a detailed biography of Auguste de la Rive,

who died on November 23, 1873, ^t 'he age of seventy-two

years.

We have received a letter from Dr. Emil Bessels with refer-

ence to the Polaris observations (Nature, vol. xvi. p. 358), and

have much satisfaction in learning that it is proposed to revise

the averages of the barometrical and thermometrical observations

of the Pularis Arctic Expedition, these having been somewhat

hastily prepared and published from a desire to have the report

out before the expedition to the North Polar regions sailed

from England.

A TELEGRAM from New York, September 30, states that the

American Consul at ^St. John's (Newfoundland) has purchased

from a seaman who was wrecked in Hudson's Bay, two spoons

supposed to be relics of the Franklin Expedition, one of them

being marked "J. G. F." It is said that Esquimaux living in

the neighbourhood of Repulse Bay got them from a native chief,

at whose camp the original owner, a white man, had died of

scurvy. This statement does not seem quite consistent with

the known facts as to the fate of the Franklin Expedition ; more-

over, we are not aware that "J. G. F." are Franklin's initials.

The Museum of the Royal College of Surgeons of England

has received as a present from the Hon. Charles P. F. Berkeley,

the skeleton of a crocodile 15 feet 9 inches in length, which was

shot by that gentleman last win'.er near Hagar SilsiUs, in Egypt.

The Swiss Btindesrath announces that the construction of the

St. Gothard Tunnel is proceeding with increasing rapidity, and

will probably be completed within three years.

The seventh number (1877) of the Bulletin of the Belgian

Academy of Sciences, contains a valuable paper, by M. C.

Lagrange, "On the Influence of the Form of Bodies on their

Attraction." This question, very incidentally treated by Briick,

is thoroughly discussed by M. Lagrange, who arrives at some

important conclusions. Discussing the attraction exercised by a

body of irregular forms on a point situated at different distances

from the centre of inertia of the body, and in different positions

relatively to its axis of maximum and minimum inertia, the

author proves that the attraction is directed to the centre of

inertia only when the point is situated on one of the principal

axes of inertia of the body ; and that, at equal distances the

attraction reaches its maximum when the point is on the axis of

minimum inertia, and inversely, this maximum exceeding, and

the minimum being less than, the attraction which would have

been exercised were the whole mass of the body concentrated in

its centre. Further, the author discusses the attraction exercised

on a moving point, and arrives at the conclusion that the point,

while attracted to the centre, will also receive an angular motion

around the latter. Finally, he discusses the reciprocal attraction

of two free bodies of irregular form, and, after having shown

when the attraction will reach a maximum and a minimum, he

proves also that the attraction will communicate to both bodies

a rotatory motion, tending to bring into coincidence their axes

of minimum inertia. In the two last paragraphs of his paper,

M. Lagrange briefly notices the applications the principles he

establishes may ha\ e in explaining the rotatory motion of the

sun, as well as in accounting for crystallisation, further researches,

not yet published, having enabled the author to account for

the formation of diliferent crystalline systems in a way which

makes the whole question a problem of rational mechanics.

The memoir is spoken of in very hi^h terms by MM. Van der

Mensbrugghe, Catalan, and De Tilly, who analysed it by order

ot the Academy.

No. VIXI. oi\.\ie Bulletin of the United States National Museum
consists of an " Index to the names which have been applied to

the subdivisions of the class Brachiopoda," by Mr. W. H. Dall.
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The author of the work in the " Naturkrafte " series, on
"Die Insecten," noticed in Nature for September 13 (p. 418)

is not Dr. Georg Mayr, but Prof. Vitus Graber, of Czernowilz

University, the well-known auttior of numerous interesting

monographs on insect anatomy and histology.

The additions to the Zoological Society's Gardens during the

past week include a Robben Island Snake (Coronella phocariim)

from South Africa, presented by the Rev. G. H. R. Fisk ; a

Cliimpanzee ( Troglodyles niger) from West Africa, a Leonine

Monkey {Macactis koninus) from Arracan, a White-fronted

Capuchin (Ccbus albifrons), a Laughing Gull (Lanis atricilla)

from South America, deposited; a Greater Sulphur-crested

Cockatoo {Cacatiia gaU-rila), from Australia, presented by Mr.

G. S. S. Williams ; two Red-backed Shrikes {Laiiius col/iiiio),

European, presented by Capt. F. H. Sahrn ; two Spotted Turtle

Doves ( Turltir siiraL-iisis), bred in the Gardens.

INTRODUCTION AND SUCCESSION OF
VERTEBRATE LIFE IN AMERICA '

IIL

"T^HE artiodactyles, or even-toed ungulates, are the most abun-
-* dant of the larger mammals now living, and the group dates
back at least to the lowest eocene. In every vigorous primitive

type which was destined to survive many geological changes,
there seems to have been a tendency to throw off lateral

branches which became highly specialised and soon died out
because they are unable to adapt themselves to new conditions.

The narrow path of the persistent suilline type throughout the
whole tertiary is strewn with the remains of such ambitious
offshoots, while the typical pig, with an obstinacy never lost, his
held on in spite of catastrophes and evolution, and still lives in

America to-day. The genus Pliitygonus is represented by several

species, one of whicli was very abundant in the post-tertiary of

North America, and is apparently the last example of a side

branch, before the American suillines culminate in existing

peccaries. The feet in this species are more specialised than in

the living forms, and approach some of the peculiar features of
the ruminants ; as, for example, a s'rong tendency to coalesce in

the metapodial bones. The a,^\m% flaiygomis became extinct in

the post-tertiary, and the later and existing species are all true
peccaries. No authenticated remains of the genera Stis, Porcus,
Fhacochizrtis, or the allied Hippotanius, the Old World suillines,

have been found in America, although several announcements to

that effect have been made.
In the series of generic forms between the lower eocene

Eohyus and the existing Dicolyh", which I have very briefly

discussed, we have apparently the ancestrrl hne ending in the
typical American suillines. Although the demonstration is not
)et as complete as in the lineage of the horse, this is not owing
to want of material, but rather to the fact that the actual
changes which transformed the early tertiary pig into the
modern peccary were comparatively slight, so far as they
are indicated in the skeletons preserved, while the lateral

branches were so numerous as to confuse the line. It is clear,

however, that from the close of the cretaceous to the post-tertiary

the bunodont ariiodactyles were especially abundant on this

Continent, and only recently have approached extinction.

The selencdont division of the artiodactyles is a more
interesting group, and so far as we now know, makes its first

appearance in the upper eocene of the west, although forms
apparently transitional between it and the bunodonts occur in

the dinoceras beds, or middle eocene. The most pronounced
sclenodont in the uj.per eocene is the Oromtryx, which genus
appears to be allied to the existing deer family, or drvidts, and
if so is the oldest known representative of the group. These
facts are important, as it has been supposed, until very recently,

that our eocene contained no even-hoofed mammals.
A most interesting line, that leading to the camels and llamas,

separates from the primitive selenodont branch in the eocene,
probably throui;h the genus Parameryx. In the miocene, we
find in Pivbcithcriiini and some nearly allied forms unmistakable
indications that the caraeloid type of ruminant had already

* Abstract of a lecture delivered at the Nashville meeting of the .\meritun
,ssociation, August 30, by Prof. O. C. Marsh, Continued from p- 47^

become partially specialised, although there is a complete series

of incisor teeth, and the metapodial bones are distinct. In the
pliocene the camel tribe was, next to the horses, the most
abundant of the larger mammals. The line is continued through
the genus Pnvamelus, and perhaps others, and in this formation
the incisors first begin to diminish, and the metapodials to unite.

In the post-tertiary we have a true Auc/ienia, represented by
several species, and others in South America, where the alpacas
and llamas still survive. From the eocene almost to the present
time North America has been the home of vast numbers of the
Catiidulir, and there can be little doubt that they originated here
and migrated to the Old World.
The deer family has representatives in the upper miocene of

Europe, which contains fossils strongly resembling the fauna of
our lowt r pliocene, a fact always to be borne in mind in com-
paring the horizon of any group in the two continents. Several
species of Ccrvida, belongmg to the genus Coioryx, are known
from the lower pliocene of the west, and all have very small
antlers, divided into a single pair of tynes.

The proboscidians, which are now separated from the typical

ungulates as a distinct order, make their first appearance in

North America in the lower pliocene, where several species of
mastodon have been found. This genus occurs also in the
upper pliocene and in the post-terliary, although some of the
remains attributed to the latter are undoubtedly older. The
pliocene species all have a band of enamel on the tusks, and
.some other peculiarities observed in the oldest mastodons of
Europe, which are from essentially the same horizon. Two
species of this genus have been found in South America, in

connection with the remains of extinct llamas and horses. The
genus Elcphas is a later form, and has not yet been identified in

this country below the upper pliocene, where one gigantic

species was abundant. In the post-pliocene remains of this

genus are numerous. The ha'ry mammoth of the Old World
(hhplias priinigenius) was once abundant in Alaska, and great
numbers of its bones ate now preserved in the frozen cliffs of
that region. This species does not appear to have extended east

of tlie Rocky Mountains, or South of Columbia River, but was
replaced there bv the American elephant, which preferred a
milder climate. Remains of the latter have been met with in

Canada, throughout the United States, and in Mexico. The
last of the American mastodons and elephants became extinct in

the post-teitiary.

Perhaps the most remarkable mammals yet found in America
are the Tillodontia, which are comparatively abundant in the
lower and middle eocene. These animals seem to combine the
characters of several different groups, viz., the carnivores, ungu-
lates, and rodents. In the genus Tillollurium, the type of the
order, and of the family Tillotluridcc, the skull resemble^ that of
the bears ; the molar teeth are of the ungulate type, while the large
incisors are very similar to those of rodents. The skeleton
resembles that of the carnivores.

We now come to the highest group of mammals, the primates,
which includes the lemurs, the apes, and man. This order has
a great antiquity, and even at the base of the eocene we find
it represented by several genera belonging to the lower forms of
the group. In considering these interesting fossils it is important
to have in mind that the lemurs, which are usually regarded as

primates, although at the bottom of the scale, are only found at

the present day in Madagascar and the adjacent regions of the
globe. All the American monkeys, moreover, belong to one
group, much above the lemurs, while the Old World apes are
higher still, and most nearly approach man.

In the lower eocene of New Mexico we find a few repre-
sentatives of the earliest known primates, and among them are
the genera Lcmurazus and Limiiothtritim, each the type of a
distinct family. These genera l)ecame very abundant in the
middle eocene of the West, and with them are found many
others, all, however, included in the two families LcmiiraviUa:
and Limnotherida.

In the miocene lake basins of the West only a single species
of the Primates has been identified with certainty. This was
found in the oredoon beds of Nebraska and belongs to the genus
Laopithatis, apparently related both to Limnotheridts and to

some existing South American monkeys. In the pliocene and
post-pliocene of North America no remains ofprimates have yet
been found.

In the post-pliocene deposits of the Brazilian caves remains of
monkeys are numerous, and mainly belong to extinct species of
Callilhrix, Cebus, and jfacc/'ius, all living South American
genera. Only one extinct genus, Prolo^il/uiiis, which em-
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braced animals of large size, has been found in this particular

fauna.

It is a noteworthy fac^t that no traces of any anthropoid apes,

or indeed of any Old World monkeys, have yet been detected

in America. Man, however, the hit^hest of the primates, has
left his bones and his worlcs from the Arctic Circle to I'atagonia.

Most of these specimens are clearly post-tertiary, although there

is considerable evidence pointing to the existence of man in our
])liocene. All the remains yet dir^covered belong to the well-

marked genus Homo, and apparently to a single species, at

present represented by the American Indian.

In this rapid review of mammalian life in America, from its

first known appearance in the trias down to the present time, I

have endeavoured to state briefly the introduction and succession

of the principal forms in eacli natural group. If time permitted,

I might attempt the more difficult task of trying to imlicate what
relations these various group; may possibly bear to each other

;

what connection the ancient mammals of this continent have
with the corresponding fams of the Old World ; and, most im-
portant of all, what real progre;s mammalirn life has here made
since the beginning of the eocene. As it is, I can only say in

summing up, that the marsupials are clearly the remnants of a
very ancient fauna, which occupied this continent millions of

years ago, and from which the other mammals were doubtless all

derived, although the direct evidence of the transformation is

wanting.
The relations of the American primates, extinct and recent, to

those of the other hemisphere, ofl^er an inviting topic, but it is

not in my present province to discuss them in their mo^t sug-
gestive phases. As we have here the oldest and most generalised
members of the group, so far as now known, we may justly claim
America for the birth-place of the order. That the development
did not continue here until it culminated in man, was due to

causes which at present we can only surmise, ahhough the
genealogy of other surviving groups gives some data towards a
solution. Why the Old World apes, when differentiated, did
not come to the land of their earlier ancestry, is readily explained
by the then intervening oceans, which likewise were a barrier to

the return of the horse and rhinoceros.

Man, however, came ; doubtless first across Behring's Straits
;

and at his advent became part of our faun.n, as a mammal and
primate. In these relations alone it is my purpose here to treat

him. The evidence, as it stands to-day, although not conclusive,

seems to place the first appearance of man in this country in the
pliocene, and the best proof of this has been found cm tlie Pacific

coast. During several visits to that region many facts were
brought to my knowledge which render this more than probable.
Man at this time was a savage, and was doubtless forced by the
great volcanic outbreaks to continue his migration. This was at
first to the south, since mountain chains were barriers on the
east. As the native horses of America were now all extinct, and
as the early man did not brmg the Old World animal with liim,

his migrations were slow. I believe, moreover, ihat his slow
progress towards civilisation wa^ in no small degree due to this

same cause, the absence of the h:r e.

It is far from my intention to add to the miny theories extant
in regard to the early civilisations in this coantry, and their con-
nections with the primitive inhabitants or the later Indians, but
two or three facts have lately come to my knowledge which I
think woith mentioning in this connection. On the Columhia
River, I have lound evidence of tfie former existence ot inha-
bitants much superior to the Indians at present there, and of
which no tradition remains. Among many stone caivintifs which
I saw there were a number of heads which so strongly resemble
those of apes that the likeness at once suggests itself. Wtience
came these sculptures, and by whom were ihey made ? Another
fact that has interested me'very niuth is the strong resemblance
between the skulls of the typical mound-builders of the
Mississippi Valley and those of the Pueblo Indians. I had long
been familiar with the former, and when I recently saw the
latter it required the positive assurance of a friend who had him-
self collected them in New Mexico to convince me that they
were not from the mounds. A third fact, and I leave man to
the archaeologists, on who^e province I am even now trenchim'.
In a large collecii ^n of mound-buildes' pottery, over a thousand
specimens, which I have recently examined with some care, I

found many pieces of elaborate workmanship so nearly like the
ancient water-jars from Peru that no one could fairly doubt
that some intercourse h;.d taken place between the widely-
separated people that made them.

The oldest known remains of man on this continent differ in

no important characters from the bones of the typical Indian,
although in some minor details they indicate a much more
primitive race. These early remains, some of which are true
fossils, resemble much more closely the corresponding parts of
the highest Old World apes, than do the latter our tertiary
primates, or even the recent American monkeys. Various living
and foisil forms of Old World primates fill up essentially the
latter gap. The lesser gap between the primitive man of
America and the anthropoid apes is partially closed by still lower
forms of men, and doubtless also by higher apes, now extinct.

Analogy, and many facts as well, indicate that this gap was
smaller in the pi^t. It certainly is becoming wider now with
every generation, for the lowest races of men will soon become
extinct, like the Tasmanians, and the highest apes cannot long
survive. Hence the intermediate forms of the past, if any there
were, become of .still greater importance. For such misiing
links, we must look to the caves and later tertiary of Africa,
which I regard as now the most promising field for exploration
in the Old World. Ameri.-a, even in the tropics, can promise no
such inducements to ambitious explorers. We have, however,
an equally important field, if less attractive, in the cretaceous
mammals, which must have left their remains somewhere on this

continent. In these two directions, as I believe, lie the most
important future discoveries in paUvontology.
As a cause lor many changes of structure in mamma's during

the tertiary ami post-tertiary, I regard as the most potent, imlural
sflection, in the broad sense in which that term is now used by
American evolutionists. Under this head, I include not merely
a Malthusian struggle for life among the animals themselves, but
the equally important contest with the elements, and all sur-
rounding nature. By changes in the environment, migrations
are enforced, slowly in some cases, rapidly in others, and with
change of locality must come adaptation to new conditions, or
extinction. The life history of tertiary mammals illustrates this

principle at every stage, and no o her explanation meets the facts.

1 he real progress of mammalian life in America, from the
beginning of the tertiary to the present, is well idustrated by the
brain-growth, in which we have the key to many other changes.
The earliest known tertiary mammals all had very small brains,

and in some forms this organ was proportionally less than in

certaiir reptiles. There was a gradual increase in the size of the
brain during this perio I, and it is interesting to find that this

growth was mainly confined to the cerebral hemispheres, or
higher portion of the brain. In most groups of mammals the
brain has gradually become more convoluted, and thus increased
in quality as well as quantity. In some, also, the cerebellum
and olfactory lobes, the lower parts of the brain, have even
diminished in size. In the long struggle for existence during
tertiary time the big brains won, then as now ; and the increas-

ing power thus gained rendered us;less many structures in-

herited from primitive ancestors, but no longer adapted to new
condit ons.

Anoilier of the interesting changes in mammals during tertiny
time was in the teeth, which were gradually modified with other
parts of the structure. The primitive form of tooth was clearly

a cone, and all others are derived from ihi.^. All classes of ver-

tebrates below mammals, namely, fishes, amphibians, reptiles,

and birds, have conical teeth, if any, or some simple modifica-

tion of this form. The edentates and cetaceans with teeth retain

this type, except the zeuglodonts, which appmach the dentit on
of aquatic carnivores. In the higher miinnnls the incisors and
canines retain the conical shape, and the premolars have only ir

part been transformed. The latter gradually change to the mors"

complicated molar pattern, and hence are not reduced molars,

but transition forms from the cone to more complex types. Most
of the early tertiary mammals had forty-four teeth, and in the
oldest forms the premolars were all unlike the molars, while
the crowns were short, covered with enamel, and without cement.
Lach stage of progress in the differentiation of the animal was,

as a rule, marked by a change in the teeth, one of the most com-
mon being the transfer, in form at least, of a premolar to the
molar series, and a gr,adual lengthening of the crown. Hence
it is often easy to decide from a fragment of a jaw, to what
horizon of the tertiary it belongs. The fossil horses of this

period, for example, gained a grinding tooth for each toe they
lost, one in each epoch. In the single-toed existing horses all

the premolars are like the molars, and the process is at an end.
Other dental transform.alions ate of equal interest, but this

illustration must suffice.

The changes in the limbs and feet of mammals during the

same period were quite as marked. The foot of the primitive
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mammal was doubtless plantigrade, and certainly five-toed.

Many of the early tertiary forms show this feature, which is still

seen in some existing forms. This generalised foot became
modified by a gradual loss of the outer toes and increase in size

of the central ones, the reduction proceeding according to sys-

tematic methods, differing: in each group. Corresponding

changes took place in the limb bones. One result was a great

increase in speed, as tlte power was applied so as to act only in

the plane of motion. The best effect of this specialisation i;

seen to-day in the horse and antelope, each representing a

distinct group of ungulates with five-toed ancestors.

If the history of American mammals, as I have briefly

sketched it, seems as a whole incomplete and unsatisfactory, we
must remember that the genealogical tree of this class has its

trunk and larger limb; concealed beneath the dt'bris of mesozoic

time, while its roots doubtless strike so deeply into the paleozoic

that for the present they are lost. A decade or two hence we
shall probably know something of the mammalian fauna of the

cretaceous, and the earlier lineage of our existing mammals can

then be traced with more certainty.

The results I have presented to you are mainly derived from

personal observation, and since a large part of the higher verte-

brate remains found in this country have passed through my hands.

I am willing to assume full responsibility for my presentation of

the subject.

?"or our present knowledge of the extinct mammals, birds, and
reptiles of North America, .science is especially indebted to

Leidy, whose careful, conscientious work has laid a secure

foundation for our vertebrate paki^ontology. The energy of

Cope has brought to notice many strange forms, and greatly

enlarged our literature. Agassiz, Owen, Wyman, Baird, flitch-

cock, Deane, Emmons, Lea, Alien, Gibbes, Jefferson, DeKay,
and Harlan deserve honourable mention in the history of tliis

branch of science. The .South American extinct vertebrates

have been described by Lund, Owen, Burmeister, Gervais,

Huxley, Flower, Desmarest, Aymard, Pictet, and Nodot
Darwin and Wallace have likewise contributed valuable informa-

tion on this subject, as they have on nearly all forms of life.

In this long history of ancient life I have said nothing of what
life itself really is. And (or the best of reasons, because I know
nothing. Here at present our ignorance is dense, and yet we
need not despair. Light, heat, electricity and magnetism,

chemical affinity, and motion are now considered different forms

of the same force ; and the opinion is rapidly gaining ground
that life, or vital force, is only another phase of the same power.

Possibly the great mystery of life may thus be solved, but whether
i'. be or not, a true faith in science admits no limit to its search

for truth.

THE GERMAN ASSOCIATION AT MUNICH
'PHE fiftieth meeting of the German Association of Naturalists
' and Physicians began on .September 17 by a large assembly

of visitors in the old Town Hall at Munich. The meeting

thi 5 year assumed quite a national character. Although in the

programme its scientific character was principally considered,

and .pleasure trips, banquets, &c., had been reduced to the

most modest proportions in comparison with former years, jet

the aspect of the city of Munich, and of all the edifices that

were in any way connected with the meeting, was a festive one.

Some 2,000 visUors had arrived, and the Town Hall on the night

of the 17th W3s crowded to suffocation. The authorities of the

city gave a grand Keller-Fest in honour of the visitors on the

20th, which was attended by over 5,000 guests.

Tlie fir.>t general meeting was opened by Prof von Pettenkofer

on the morning of the iSthinst. In a short address the professor

announced that His Majesty the King iad intended to send his

royal greeting to the assembled men of science through H.R.H.
Duke Carl Theodor, of Bavaria (brother to the Empress of

Austria), I ut that the duke had suddenly been called to Dresden

through the death of the dowager Queen of Saxony. In his

absence His Majesty had intrusted the secretaries with this

honourable message. After other congratulations Dr. von

Pettenkofer delivered his inaugural address. He reminded

the assembly that the present was a jubilee meeting, and

then gave a retrospect of the growth of the Association

since its foundation. The first meeting took place at Leip-

zig on September 18, 1822, when, following the invitation

of Prof. Oken, twenty scientific men assembled and founded

the Society. A paragraph of the statutes prescribed that

the meetings should always begin on September iS, and

should last several days. Under the political circumstances of

that time and with the means of conveyance then existing the

modest number of twenty members was considered a fair begin-

ning. The next meeting occurred at Halle with thirty-four

members, the third at Wurzburg with thirty-six, the fourth at

Frankfort-on-Maine with no, the fifih at Dresden with 116, the

sixth at Munich wiih 156, and the .seventh at Berlin in 1S28,

when 464 members were present. The Association steadily

increased and the meetings were helrl annually unless prevented

by war or epidemics. The last meeting at Hamburg numbered
over 2,000 members. Little by little a division of labour took

place, and out of the seven original sections twenty-five have

now resulted.

After speaking of the progress made by man as compared with

the lower animals. Pro'. Pettenkofer said—If knowledge is power,

and nobody will doubt this, then amongst sciences natural science

is certainly destined to play a great part, perhaps the greatest, in

the history and culture of mankind. . . . Natural science has but

to look for facts and truths, and need never busy itself about

the immediate practical application ot what has been found,

because for them alone it deserves the sympathy of the entire

civilised world, and the means necessary for its culture and de-

velopment. No investment of capital bears higher interest.

Finally, the speaker recalled the memory of Prof Ludwig
Lorenz Oken, the founder of the association and the .author of

the statutes which, with but a single and trifling exception are

still in force to-day. He praised the patriotism of Oken, and
regretted that he died before the reestablishment of the United

(ierman Empire.
At the end of the address, the assembly, at the request of Dr.

von Pettenkofer, rose from their seats in honour of the memory
of Oken.
Then followed the first scientific lecture, which was delivered

by Prof Waldeyer (Strassburg). He spoke on Karl Ernst von

Paer and his Influence on Natural Science, giving an elaborate

memoir of the late great naturalist, to whom we owe many of

the bases of the present theory of evolution. Prof. Dr. Haeckel

then delivered his address On the Evolution Theory at the Present

Time, which we give elsewhere.

At the second general meeting, on the 20th, the choice of a

place of meeting was made for next year, Cassel being selected,

with Doctors Stilling and Gernau as secretaries. Duke Carl

Theodor of Bavaria, himself an able ophthalmologist, took the

chair in lieu of Dr. Pettenkofer, and again welcomed the

assembly, in the name of the kingdom of Bavaria, in an inter-

esting speech. Then followed the address of the eminent

botanist, Prof Dr. Nageli, of Munich, " On the Limits of Natural

Knowledge." He pointed out that many naturalists, when asked

about the limits of natural knowledge, and thinking a solution

by principles insufficient, simply reply that faith begins where

knowledge ends. Humanity fa^es the whole of nature, masters

new domains constantly by dint of meditation ; the empire of

knowledge thus always increases in extent, and that of faith

decreases as constantly. But this solution does not satisfy our

interest. We would wish to know particularly whether the

limits of natuial knowledge can be determined at all, and how
far we can penetrate into nature. The solution of this question

is determined by three eruditions:— (i) By the condition and
capacity of the investigating Self; (2) by the condition and

accessibility of nature ; and (3) by the demands which we
make from knowledge. With regard to the first point, the un-

doubted fact is decisive that our power of thinkmg, in whatever

condition it may be, can but give us nature as we perceive her

with our five senses, and even this again not in her full extent

and completeness, but only as far as we perceive her in the

present. We see and hear only what is in the present ; now as

the organs of our senses are more or less sensitive for the

one or the other perception, Darwin's ingenious idea that in

nature only so many phenomena attained lull development as

were useful to the individual bearer, is fully justified ; on the

other hand it is very probable that many molecular forces exist

of which we have no idea, simply because we cannot perceive

them with our senses. The limited capacity of the I allows

us only an extremely fragmentary knowledge of the universe.

With reference to the second point, the condition and accessi-

bility of nature, we can easily perceive the limit ; for man it

rests in space and time. The infinity of space and time, and its

consequences, are insuperable for us, and nature is everywhere

uninvestigable where she becomes eternal or infinite, and there.

fore she can never be intirely investigated. The naturalist must

therefore always bear in mind that all his investigations are re-

stricted to natural limits, otherwise he will lose himself in ground-
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less fancies, an 1 will arrive at absurd conclusions. The speaker

then turned to the conceptions of the universe. The world

which is known to us changes ; if we follow this in the past and

future we find, from a physical point of view, a state which

approaches perfect rest more and more, without reaching it alto-

gether. But if we suppose that in space worlds arise from worlds

without e ,d and perish again, then the successive state.;, accord-

ing to the materialistic conception, are of the same value, while

according to the philosophical conception they change their rela-

tive value by becoming more perfect. The one conception lets

the world awaken from dead repo;e and return to it, the other

condemns it to eternal repose. With regard to the extension of

the universe in space, the thought that all material space must
again and again have limits, leads us to the mathematical con-

clusion that our earth, just as it is now, reoccurs in infinite num-
bers in the universe. The speaker then passed to the third point,

viz., the demands we make of knowledge. Our knowledge does

not go further than to compare observed phenomena and judge

of them with regard to others ; we understand a phenomenon,
understand its value with regard to other phenomena, if either we
measure, count, or weigh it, or if we create it ourselves. It is in

this latter manner that mathematical science is the product of our

mind. The understanding of nature therefore rests in the recog-

nition of the mathematical method in natural phenomena.
As by the help of mathematics we understand only relative

or quantitative differences, but not qualitative ones, because

these cannot be compared, it follows that with regard to the

latter scientific understanding is ordy possible separately within

each single individual. Then Prof. Niigeli spoke against the

opinion of those who divide nature into a material and a spiritual

one, because no naturalist can avoid the conception of a causal

connection of mind and body. The finite human mind is a

double one ; on the one hand it invents and puts the muscles

intc motion, on the other it contemplates, feels pleasure and

pain, hate and love, and remembers. Even without this latter

property, therefore, without consciousness, the world would have

become world, man would have lived and t.aught, spoken and

made music, but everything only mechanically—man would have

been, an automaton. Prof. Niigeli then passed from the domain
of the mind to that of sensation, explaining that doubtless

there v/as sensation in all molecular forces, the saiw. sensations

in the highest as well as in the lowest stages of organs, in

the former only so much more vivid and refined than in the

latter. If we understand spiritual life to be the mediator of

cause and effect, then we find it everywhere. Du Bois-Reymond,

who treated the same subject at Leipzig in 1S72, finished his

address with the words " Ignoramus et ignorabimus," but Prof.

Niigeli ended his speech with the proud words^" We know, and
we shall know if we are satisfied with human insight."

An address by Prof. Dr. Klebs, of Prague, followed " On the

Changes in IVIedical Views during; the Last Decades."

At the final meeting, on the 22nd instant, Prof. Rudolf
Virchowgave an address " On the Liberty of Science in Modern
State-life," which was received with loud acclamations of approval.

Alttr contrasting former with present times. Prof. Vnchow said

that the last few days had proved that now science enjoys full

liberty. We must retain this possession, and must take care not

to go too far. Moderation, the resignation ol personal predi-

lections, will be necessary to retain the present favourable con-

ditions. The sum total of that which we may designate as true

and real science, in the strictest sense of the woid, and for which
alone we may demand full scientific liberty, is a far more modest
one than the domain of speculative expansion of problems and
of presentiment. The spe.\ker tlien in the most detailed and
interesting manner drew the limit be'ween speculative investiga-

tion on the one side and that which we have recognised as facts

on the other. Prof. Virchow is ready to ask that everything

which may be considered as a perfectly secured scientific truth,

shall be admitted to the scientific treasure of the nation. If now
we stand everywhere before reforms in education, and if for

natural science a far-reaching consideration is claimed, it must
first of all be perfectly clear to us what is to be comprised in

this science and what not, and it cannot be left for the peda-

g igues to decide, as I'rof Ilaeckel says it ought to be, whellier

me doctrine of evolution is to be comprised in the programme of

elucation or not. If this doctrine is a scientific truth, and proved
beyond doubt, then its admission to this educational programme
must be demanded, unless we wish to make hypociites of our

t^ciievs. But if it is completely proved it ought to be explained

to every child in the schools, not only to the scientific man.
The speaker then criticised somewhat severely Prof. Haeckel's

theory of the plistidule soul and of the animated cell. As long as

the undeniable proofs were wanting, he maintained, we ought, on
thecontrary.to ask our teachers not to teach the evolution doctrine.

In the domain of the doctrine of evolution wiie moderation is more
necessary than anywhere else. For many years Harvey's maxim,
" Omne vivum ex ovo " remained undenied ; to-day we know for

certain that the "omne" is incorrect. In the same way the
" generatio a:quivoca " maybe true or not it certainly is not
undeniably proved. In natural science belief and knowledge,
i.e., subjecdve and objective knowledge are united. The domain
of dogmatic belief is lessened year after year in favour of objec-

tive knowledge which is based upon ficts. But apart from the

latter, subjective knowledge makes itself very prominent some-
times, and hallucinations and fancies are now and then hid
beneath its cover. Anthropological investigations contradict

directly the doctrine of evolution. The skulls found in the

tombs of the oldest times show a far more human and a far less

apish type than do a gieat many living heads, and we cannot
suppose that only the highest-developed skulls of those periods
have escaped destruction. Therefore, precaution, moderation,
no overrating of our scientific power, for Bacon's " scientia est

potentia " is only meant for true objective knowledge, i

Many papers of great scientific value were read in the various

sections, and we hope to be able to refer to these in a future

number.

THE PRESENT POSITION OF THE EVO-
LUTION THEORY'

r~\N this festive day which unites us here for the open'ng of the
^"^

fiftieth meeting of the Association of German Naturalists,
'

universal science may justly point out its relation to the
domains of our special investigations. Ou such a day the

educated of all circles, who follow with vivid interest the asto-

nishing progress of the investigation of nature are specially

to ask what general results have been obtained for the entire

domain of humrn education. If, therefore, to-diy I comply
with the honourable request addressed to me, and ask for your
kind attention for a short time, I do not think that I can choose
a more fitting subject fjr our common consideration than the

relation of science as a whole to that branch of investigation

which lies nearcit to me, viz., the doctrine of evolution.

No other doctrine has so vividly claimed general attention for

the last decade, no other alTects our most important convictions

so deeply, than the newly-risen doctrine of evolution and the

monistic philosophy united with it. Because wholly and solely

by this doctrine the " question of all questions " can be solved,

the fundamental "question of the position of man in nature."

As mm himself is the measure of all things, thus naturally the

last fundamental questions and the highest principles of all

science must depend on the position which our advanced under-

standing of nature assigns in nature to man himself

As you know, it is principally to Charles Darwin that the

evolution theory of the present day owes this commanding
position. Because it was he who, eighteen years ago, first broke

through the ri^id ice-cover of reigning prejudices, inspired by the

same fundamental thought of a monisticdevelopment of the world,

which a century ago moved our greatest thinkers and poets,

Imraanuel Kant and Wolfgang Goethe at their head. By the

conception of his theory of selection—the doctrine of natural

selection in the struggle lor existence—Darwin c juld in particular

give a firm foundation to the most important biological part of

that doctrine, which had already appeared in the beginning of

our century, viz., the theory of descent. In vain the older

natural philosophy had then begun the fight for this theory ;

neither Lamarck and Geoffroy St. Hilaire in France, nor Oken
and Schellin.^ in Germany could obtain a victory for it. Just

fifty years have nov passed since Lorenz Oken began his

academical lectures on the theory of evolution here at Munich,

and it therefore becomes us here today to place a laurel wreath

upon the tomb of this deep-sighted zojlogist and inspired philo-

sppher. It was Oken also wlio, in his enthusiasm lor scientific

unity, called together the first meeting of Germui mturalists at

Jena in 1822, and to whom, for that reason alone, the thanks of

this fiftieth assembly ar; due.

Bat the natural philosophy of that time could only draw up the

general plan of construction and the first outline of the colossal

edifice of the monistic theory ot evolution ; only the zealous and
ant-Iike ddigence of half the following century collected the

• " On the Evolution Theory of the Present Day in itb Rel.itionto Science

in general." Address by Prof. Haeckel at the Munich Meeelijig of the

German Association.
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building material for its execution. An immense literature and
an admirable perfection of the methods of investigation now give

the most brilliant proof of the astonishing progress of the empi-
rical science of nature during that period. But of course the

immeasurable widening of the field of empirical ob;ervation,

and the special division of labour caused by this, often led to an
unfortunate dispersion of powers ; the hijher object of the

recognition of general laws was often entirely forgotten in the

nearer interest in the observation of details.

Thus it could happen tliat while this strictly empirical inves-

tigat'on of nature was flourishing at its highest in the years

1S30 to 1S59, during thirty years, the two principal branches

of real natural hislory started from totally different bases. In

the history of the development of the eartli the conviction gained
ground more and more since 1S30, the year of the publication

of " Lyell's Principles of Geology," that our planet had neither

been formed by a supernatural act' of creation, nor had pissed

through a series of total revolutions of mystical origin, but thaf,

on the contrary, a gradual and uninterrupted development had
caused its natural formation step by step. On the other hand,

in the history of development of the living inhabitants of tlie

earth the old irrational myth remained in full force, according to

which every single species of animals and plants, like man him-
self, had been created independently of one another, and that a

series of such creations had followed eacli other without any
genetic connection. The glaring contradiction of the two doc-

trines, of the natural development-theory of geologists, and of

the supernatural creation myth of biologists, was only decided in

favour of the former by D.irwin in 1S59. Since then we recog-

nise clearly that the formation and change of forms of the living

inhabitants of our globe follow the same great eternal laws of

mechanical development as the earth itself and the whole world-

system.

We need not to-day, as we were obliged to do fourteen years

ago at the meeting of naturalists at Stettin, cite the reasons and
proofs for Darwin's new theory of development. The recog-

nition of its truth has since made its way in the most satisfactory

manner. In that domain of natural investigation to which my
own labours belong, in the wide field of the science of organic

forms or tiwyphology, it is already recognised everywhere as the

moit important basis. Comparative anatomy and the history of

germs, systematic zoology and botany cannot to-day do without
the theory of descent. Because only by its light the mysterious
relations of the numberless organic forms amongst each other
can be really explained, i.e., reduced to mechanical causes.

Their similarity results as the natural consequence of inhcritamc
from common parental forms, their variation as the necessary

effect of adiittatiou to different conditions of life. Only by the

theory of descent can the facts of palaeontology, of chorology, and
of o-'cology, be explained in a way as simple as it is natural

;

only by this theory we understand the existence of the remark-
able rudimentary organs, of the eyes which do not see, the wings
which do not flv, the muscles which do not move—nothing but

useless parts ot the body, which refute in the most emphatic
manner the old-fashioned tdeoli>s;y ; because they prove in the

clearest manner that the utility in the structure of organic

forms is neither general nor perfect ; that it is not the result of

a plan of creation worked with an object in view, but necessarily

caused by the accidental coincidence of mechanical causes.

Who, in the face of these overwhelming facts, still asks to-

day fur proofs of the theory of descent, proves by that only his

own want of knowledge or reason. But it is utterly wrong
to demand exact or indeed experimental proofs. This demand,
w^Tich is so often heard, results from the widely-spread error

that all natural science must be exact ; all the other sciences

are often confronted with this, under the name of "spni-
tual or pure sciences " {Gcislcswissenschaflcii). Now in truth,

only the smaller part of natural science is exact, viz., that

part which can be proved mathematically ; astronomy before

all others, and higher mechanics in general ; after these the

greatest part of what remains of physics and chemistry, also a

good part of physiology, but only a very small part of morpho-
logy. In this latter biological domain the phenomena are far

too complicated and variable to allow of our applying the

mathematical method at all. If indeed the demand tor a foun-

dation, whicli shall be as exact as possible, and mathematical if

possible, stands good in principle for all sciences, it is yet quite

impossible to carry this tlirough in by far the greater part of the

biological disciplines. Heie, on the contrary, the historical and
historico-philosophical method takes the place of the exact,

mathematical, and physical one.

This applies to morphology before all others, because the
scientific understanding of organic forms we obtain solely
through the history of their development. The great progress of
our time in this domain consists in our conceiving the meaning
and object of the history of development in an infinitely wider
sense than has been done before Darwin. Up to his time it

meant only the history of the formation of the organic indi-

vidual form, which to-day we call history of the germ, or
ontogeny.

If the botanist followed the formation of the plant from the
seed, the zoologist that of the animal from the ovum, they con-
sidered their morphological task accomplished by the perfect

observation of the history of these germs. The greatest men in

the domain of the history of evolution, Wolff, Baer, Kemack,
Schleiden, and the whole school of embryologists formed by
I hem, understood by it, until a short time ago, the individual

ontogeny exclusively. It is quite different to-diy, when the

mysteries of the wonderful history of germs confront us no longer

as unintelligible riddles, but have clearly revealed their deep
significance ; because according to the laws of inheritance, the

changes of form which the germ passes through in the shoitest

time, under our eyes, are a compressed and abbreviated repeti-

tion of the corresponding changes of form, which the ancestors

of the organism in question have passed through in the course

of many millions of years. If to-day we place a hen's egg into

the breeding machine, and if twenty-one days later we see a little

chicken creep from it, we no lontjer remain in mut'^ astonish-

ment at the wonderful changes which lead from the simple cell

in the egg to the two-leaved gastrula, from this to the worm-
shaped and skull-less germ and thence to further germ-forms,
which on the whole show the organisation of a fish, an amphibian,
a reptile, and only lastly that of a bird. On the contrary, we draw
conclusions from this lega'dmg the c irresponding series of forms

of the ancestors, wliich have led from the unicellular aniceba to

the parental form of the gistrsea, and futhtr <m through the

classes of worms, acephala, fishes, ampin i'ia, reptiles, down to

birds. The series of gcrm-fornis of ihe chicken thus gives us a

ketch of the series of its real ancestors.

Our biogenetic fundamental law gives the immediate causal

connection winch thus exists between the ontogeny of any
organic individual foim and the history of the forms of its

ancestors in the following short phrase :— The history 0/ the germ
is an extract jrom the history oj its ancestors, occasioned by the

laws of inheritance. 'X\\\i/>aliiigcnetic e>;iract appears essentially

disturbed only in case, through adaptation to the conditions of

embryonal life, cen^\^enetic changes have taken place.

This phylogenetic interpretation of the ontogenetic phenomena
is, up to the present, the only explanation of the latter. But it

receives the most important confirmation and supplementation

from the results of comparative anatomy and palK jntology. It

is of course impossible to prove this by an exact method or

indeed an experiment, because all these biological disciplines

are, according to the nature of the matter, historical and philo-

sophical natural sciences. Their common object is the investi-

gation of historical events, which happened in the course ot

many millions of years, long before the appearance of the human
race on the surface of our youthful planet. The immediate and
mathematically exact conception of these events is therefore

altogether beyond the reach of possibility.

Only by the critical consideration of the historical archives, by
a speculation which is just as circumspect as it is daring, an
approximate understanding here becomes indirectly possible.

Phy'ogeny uses these historical archives in the same manner and

according to the sime method as other historical disciplines do.

Just as the historian, by the help of chronicles, biographies, and

letters drav/s up a detailed representation of an event long past

;

as the archaeologist by the study of inscriptions, piece; of sculpture,

utensils, obtains the knowledge of the state of civilisation of a

race long extinct ; as the linguist by comparative investiga-

tion of all related living languages and their older written docu-

ments proves their development and origin from a common
ancestral language

; just in the same manner the naturalist of

to-day, by the critical use of the phylogenetic archives, of com-

parative anatomy, ontogeny, and paleontology, arrives at an

approximate understanding of the events which, in the course of

unmeasured periods, have caused the change of forms in the

organic life upon our globe.

The history of the paiental forms of organism-, or phylo^eny,

can therefore be proved by an exact method or by experiment

just as little as this is the case with her older ,and more favoured

sister geology. But the high scientific value of the litter is never-
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theless now generally acknowledj^ed. Only the ignorant to-day

smile incredulously at the explanation that the colossal moun-

tain chains of the Alps, the snow-covered summits of which we
see glistening in the far distance, are nothing else but the

hardened deposits of the sea. The structure of these stratified

mountains and the nature of the fossils they inclose do not admit

of another explanation ; and yet it cannot be proved in an exact

way. In the same manner all geologists now unanimously sup-

pose a certain systematic succession of the mountain strata, corre-

sponding to their different ages ; and yet this system of strata is

nowhere perfectly present upon the earth. But our phylogeneiic

hypotheses may claim the same value as Is given to these

generally recognised geological hyiiotheses. The only difference

is that the enormous structure of hypotheses in geology is far

more perfect, simple, and easier to understand, than that of

youthful phylogeny.

Thus these historical sciences of nature, geology and phylogeny,

now form the uniting bond between the exact natural sciences on

the one hand, and the historical sciences of the intelleC, or pure

sciences, on the other. The whole of biology, in particular

systematic zoology and botany, are thus raised to the rank of a

true natural history, an honourable title, which these sciences

have borne long ago, but which they only now merit truly. If

indeed to-day in many quarters, even in official ones, they are

designated as "descriptive natural sciences," and opposed to

the "explanatory " ones, this only shows what a false idea had
hitherto been entertained of their true object. Since the "natural

systeni " of organisms has been recognised as their ancestral

pedigree, ilie living phylogeny of classes and species takes the

place of dead descriptive syslematics.

However highly we may estimate this enormous progress of

morphology, jet it would not suffice by itself to explain the

extraordinary effect of the evolution doctrine of to-day upon
science in general. This, as you know, rests upon a single special

deduction drawn from the theory of descent, upon its application

to man. The very old question of the origin of our own race is

by this theory solved for the first time in a natural scientific

sense. If the theory of evolution is true at all, if there exists a

natural phylogeny at all, then man also, the crown of creation,

has resulted from the form vertebrata, from the class mammalia,
from the sub-class placciitalia, from the order apes. If Linnaeus,

in 1735, in his system of nature, already united man with apes

and bats in the ( rder of primates, if all following zoologists could

not move him out of the class of mammalia, then this unanimously
recognised S)stematic position can, phylogenetically, only be
interpreted as descent from that class of animals.

All attempts to shake this most important deduction from the

evolution doctrine are futile ; it is vain to try to keep a

particular exceptional position for man, by constructing for him
a special line of ancestor?, separated from those of the verte-

brata. The phylogeneiic archives of comparative anatomy,
ontogeny, and palneontology, speak too distinctly in favour of an
identical and uniform (einheillich) descent of all vertebrata from
a single common ancestral form, to permit of our having any
doubts on this subject now. Not a single investigator and
comparer of languages thinks it possible that languages as widely
different as the German, Russian, Latin, Greek, and Indian
languages h.ave developed from different original languages. On
the contrary, all linguists, by critical comparison of the structure

and the development of these different langu.ages, airive unani-

mously at the conviction that they all have emanated from a
single Aryan or Indo-Germanic mother language. Just in the same
way all morphologists arrive at the firm conviction th-it all

vertebrata, from the amphioxus upwards to man himself, all

fishes, amphibia, reptiles, birds, and mammals descend originally

from a single vertebrate ancestor ; for we cannot imagine that

all the different and highly-complicated conditions of life, which,
through a long series of processes or stages of development, led

to the typical formation of a vertebrate, have accidentally

happened together more than once in the course of the earth's

history.

For our consideration to-day only the general conception
of the vertebrate-origin of man is of importance, we will not
occupy our time with the single ancestral stages of our pedigree.

I would only in passing point out that at least the principal

stages of the same are now considered as firmly established,

thanks to the excellent labours of our most illustrious morpho-
logists, Gegenbaur and Huxley before all others. Of course it

is still often supposed that thus, even to-day, only the origin of

the human body is explained, but not that of our spiritual

activity. In the face of this important objection we must
remember, before all else, the physiological fact, that our intel-

lectual life is inseparably united with the organisation of our
central nervous system. The latter, however, is composed
exactly like that of all higher vertebrata, and originates in

exactly the same way. Also, according to Huxley's investiga-

tions, the differences between the structure of the brain of man
and that of the higher apes are far less important than the cor-

responding differences between the higher and lower apes. Now
as the function or work of each organ cannot be imagined with-

out the organ itself, and as the function is everywhere deireloped

along with the org.an, we are forced to suppose that our psychical

activity has ileveloped slowly and gradually in connection with
the phylogennic development of our brain.

For the rest this highly significant "soul question" appears to

us in quite a different light to-day from what it did twenty, yes, even
ten, years ago. Whatever we may imagine to be the nature of

the connection of soul and body, of mind and matter, so much
results with perfect clearness from the evolution doctrine of

to-day that at least all organic matter— if indeed not all matter

—

is, in a certain sense, animated. First of all, we have been
taught by advanced microscopical investigation, that the ana-

tomical elementary parts of organisms, the cells, universally

possess individual animated life (allgemein ein inJiviiluelles

Seelenlilhn bailzen]. Since .Schleiden founded, forty years ago
at Jena, the highly-significant cell theory for the vegetable king-

dom, and Schwann soon afterwards applied the same to the

animal world, we universally ascribe to these microscopical life-

beings an individual and independent life ; they are the true
" individuals of the first order," the " elementary organisms " of

Biiicke. The grand and highly fertile application which
Virchow, in his " Cellular Pathology," made of the cell theory

with regard to the entire domain of theoretical medicine, is

indeed based upon his considering the cells no longer as the

dead passive building stones of the organism, but as the living,

active state citizens of the same.

This conception is finally confirmed by the study of infusoria,

amceha^, and other unicellular organisms, because here we find

with the single cells, living in isolation, the same manifestation

of soul-life, sensation, and conception, volition and motion, as

wiih the higher animals, composed of many cells ! Both in the

case of these latter social cells, as well as in that of the former

hermit-cells, the soul-life of the cell is tied to one and the same
most important cell substance—/ri>/n/A7j«. We even see in

the monera and other most simple organisms that single detached

pieces of protoplasm possess motion and sensation, just like the

whole cell. Accordingly, we must suppose that the cell-soul,

the foundation of empirical psychology, is a compound itself,

namely, the total result of the psychic activities of the

protoplasm-molecules, which we shortly call plastidule. The
plastiilule-soul would therefore be the last factor of organic

soul-life.

But has the evolution doctrine of the present day thus exhausted

its psychological analysis ? Not at all ! On the contrary, we
are taught by modern organic chemistry that the peculiar physical

and chemical properties of an element, of caibon, in its compli-

cated combination with other elements, cause the peculiar physio-

logical properties of organic compounds, and before all others,

of protoplasm. The monera, consisting exclusively of proto-

plasm, here form the bridge over the deep chasm between
organic and anorganic nature. They show us how the simplest

and oldest organisms must have originally sprung from anorganic

carbon compounds. If therefore in spontaneous generation a

certain number of carbon atoms unite with a number of atoms of

hydrogen, oxygen, nitrogen, and sulphur to form the unity of a

plastidule (or molecule of protoplasm), we must regard the plas-

tidule-soul, i.e., the total sum of its life-activities, as the necessary

product of the forces of these united atoms. The sum of the

central atomic forces we may call atom-soul in a consequentially

monistic sense. By accidental meeting and varied combination

of the constant and unchangeable atom-souls the diverse and

highly variable plastidule-souls originate, the molecular factors

of organic life.

Arrived at this most extreme psychological consequence of our

monistic doctrine of evolution, we meet with those old concep-

tions of the animation of all matter, which already in the philo-

sophy of Democritus, Spinoza, Bruno, Leibnitz, and Schopenhauer

have found varied expresfion ; because all soul-life can finally

be reduced to the two elementary functions of sensation and

motion, to their reciprocal action in reflex motion. The simple
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sensation of inclination and disinclination f^Lust und Unlust), the

simple form of motion, attraction and repulsion, these are the

true elements out of which all soul-activity is built in infinitely

varied and complicated combination. "Thehiting and loving;

of atoms," attraction and repulsion of molecules, motion and
sensation of cells, and of the organisms composed of cells, the

formation of thought, and the consciDusness of man, these are

only different stages of the universal psychological process of

evolution.

The unity in the conception of the universe (or " monism ") to

which the new doctrine of evolution thus leads us, annuls the

opposition which hitherto existed between the different dualistic

world systems. It avoids the one-sidedness of materialism as

well as that of spiritualism, it unites the practical idealism with

the theoretical realism, it combines natural science with mental

science {Gcisterdiissniscln.fl) to form an all-comprising uniform

general or total science.

As thus we recognise the evolution doctrine of to-day to be a

uniform and uniting cement of the most heterogeneous sciences,

it gains the highest significance not only for the pure and theo-

retical but also for the practical and applied sciences. Neither

practical medicine as an applied natural science, nor practical

politics, jurisprudence and theology, in as far as they are parts of

applied philosophy wdl in future be able to escape its inflaence.

On the contrary we are convinced that it will prove, on all these

domains, to be the most important lever of progressive know-
ledge as well as of ennobled civilisation in gener.al. Now as the

most important point of afack of the latter i; the education of

the young, the evolution doctrine will have to claim its just

influence in the school as the most important means of education ;

here it will not be only tolerated, but it will become a ruling

and guiding element.

If, finally, we are allowed to indicate, in a few words, at lea't

the most important points of this relation, we may first of all

lay stress upon the high significance of the genetic method in

itself. Teachers as well as those they teach will contemplate

each subject of their studies with infinitely greater interest and
understanding, if, before aU else, they ask themselves, " How
did this originate? How did it develop itself?" Because in

this question as to development the question as to the causes of

facts is comprised ; but after all it is al .vays the recognition of

the effecting causes, not the mere knowledge of fads, which
satisfies the constant want of causalities ol our mind. The
recognition of common simple causes for the most varying and
complicated phenomena leads to the simplification as well as to

the deepening of our education and culture ; only by causal cjn-

ception dead knowledge becomes living science. Not the quantity

of empirical knowledge, but the quality of i's causal conception,

is the true measure of the education of the mind.
How far the outlines of the general doctrine of evolution

are now to be in'roduced into schools, in what succession

its most important branche;- -cosmogony, geology, phylogeny of

animals and plants, anthropogeny—are to be taught in the dif-

ferent classes, this we mast leave to practical pelagogues to

determine. But we believe that a far-reaching reform of educa-

tion is unavoidable in this direction, and that it will be crowned
with the most perfect success. How infinitely, for instance, the

important teaching of languages will gain in educational value,

if it is done comparatively and genetically ! How the interest

in physical geography wdl grow if it is genetically taught toge-

ther with geology ! How the tedious, dead systeniatics of the

species of animals and plants will gain life and light if the two
are explained as different branches of a common pedigree ! And
what a different conception we will, before all else, obtain of

our own organism if we recognise it no longer as the fictitious like-

ness of an anthropomorphous creator, but in the clear daylight

of phylogeny as the highest developed form of the animal king-

dom ; as an organism, which in the course of many millioas of

years has developed itself gradually from the line of vertebrate

ancestors, and has far surpassed all its relatives in tlie struggle

for existence !

As the doctrine of evolution will thus act in a fertilising and
furthering way upon all branches of education, it will at ihe

same time pro luce the consciousness of their monistic connection

in the minds of boh ttarliers and pupils. As historical natural

science it will step as mediator and canciliator between the two
opposed directions which to-day compete fur power in the higher

educational schools ; on ihe one siJe the older, classical, histo-

rical, philosophical direction, on the other the newer, exact

iiiathematical,. physical direction. Both directions of education

wc think equally justified and equally indispensable ; the human

mind will only reach its full harmonious education, if both are

equally taken into account. If formerly classical education was
favoured too exclusively and one sidedly, this has happened only too

often recently with exact education. B jth excesses the doctrine of

evolution reduces to their proper measure, as it steps as a uniting

bond between exact and classical science, between that of nature

and that of the mind. Everywhere it teaches the living course

of the connected, monistic, and uninterrupted development.
Everywhere it shows to the zealous investigator new scientific

aims beyond those already attained, and thus "gently leads the

striving mind nearer and nearer to truth.'' The infinite perspec-

tive of progressive perfection which the doctrine of evolution

thus opens before us is at the same time the best protest against

the unforttuiate *' Ignorabimus," which it is obliged to hear now
from many quarters, because nibody can predict what "limits

of natural understanding " the human mind in the further course

of its astonishing development will yet overstep in future !

By far the most important and most difficult demand which
practical philosophy addresses to the evolution doctrine seems to

be that of^ a new doctrine of morals [SittctiUItre). It is certain

that afterwards, as before, the careful training of the moral cha-

racter will remain the principal task of education. But up to

the present the widest circles held the conviction firmly that this

most important problem could only be solved in connection with
certain ecclesiastical dogmas. Now as these dogmas, particularly

in their union with very old myths of creation, directly contradict

the principles of the doctrine of evolution, it was believed that

through the latter religion and morals were endangered in the

highest degree. •

We consider this fear an erroneous one. It arises from the

constant mixing up of the true and reasonable natural religion

with the dogmatic, mythological church religion. The compara-
tive history of religions, an important branch of anthropology,

acquaints us with the great variety of external shells, in which
the different people and times, according to their individual

character and requirements, clothe religious thought. It shows
us that the dogmatic teachings of church religions themselves are

in a slow uninterrupted course of development. New churches

and sects arise, old ones perish ; at the best a certain form
of creed lasts a few thousand years, an insignificantly small

lapse of time in the reon-series of geological periods. Finally

we are also taught by the comparative history of culture, how
little true morality is necessarily united with a certain ecclesias-

tical creed. Often the greatest coarseness and decay of morals
go hand in hand with the absolute power of an almighty church.

We need only think of the middle ages ! On the other hand we
see the highest stage of moral perfection attained by men who
have separated themselves from all ecclesiastical beliefs.

Independently of all church creeds, the germ of a true

religion of nature lives in the breast of every man ; it is connected
inseparably with the noblest features of human existence itself.

Its highest command is loz'c, the restriction of our natural

egotism in favour of our fellow men, for the benefit of human
society, of which we are the members. This natural moral law
is far older than all church religion. It has developed from the

social instincts of animals. With animals of very different

classes, particularly with mammals, birds aid insects, we find

its beginnings. According to the laws of association and of

cHvi ion of labour, many individuals here unite to form the

higher community, called a state or hive. Its existence is

necessarily connected with the reciprocal action of the menbers
of ihe community, and with the sacrifices they make to the

wh'.ile at the expense of their egotism. The consciousness of

this necessity, the Jeehitg of duty, is nothing else but a social

instinct. But instinct is always a psychic habit, which, acquired

originally by adaptation, has become inheritable in tiie course of

generations, and finally appears as innate.

To convince ourselves of the admirable power of the animal
feeling ol duty, we need only destroy an ant-hill. There we at

once see in the n idst of destruction thousands of zealous state

citizens occupied not with the'salvalion of their own dear lives,

but with the protection of the cherished community to which they

belong. Courageous warriors of the ant state set themselves up
in powerful defence against our interfering finger ; those that

tend the young save the so-called "ants' eggs," the beloved

pupa;, upon which rests the future of the state ; diligent workers
at unce begin with undaunted courage to clear away the dedris,

and to construct new dwellings. The admirable organisation

of these ants, of bees and other social animals, have originally

developed from the crudest beginnings, just in the same manner
as did our own human civilisation.
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Even those most tender and most beautiful features of the

human mind, which we principally glorify in poetry, we find

already formed in the animal kingdom. Have the intense

maternal love of the lioness, the touching matrimonial 1 ove of

parrots ("inseparables"), the sacrificirg faithfulness of the dog

not been proverbial for ages? The most roble feelings

of compassion and love, which determine actions, ore here as

with man, nothing but ennobled instincts. In connection with

this conception, the ethics of the evolution doctr'ne need not look

for new maxims, bat reduce the very old commands of duty

to their natural scientific base. Long before the origin of all

church religion these natural commands of duty ruled the lawful

living together of mankind as well as of social animals. Church
religion ought to profit by this significant principle, not to combat
it ; for the future does not belong to that theology which

conducts a fruitless battle against the victorious doctrine of

evolution, but to that one which takes possession of it, recognises

and uses it.

Therefore, far from fearing a shaking of all valid moral laws,

and an obnoxious emancipation of egotism by the influence of

the evolution doctrine upon oar religious convictions, we, on the

contrary, expect from it a reasonable confirmation of the moral

doctrine on the unshakable basis of firm natural laws ; for

with the clear conception of our true position in nature, anthro-

pogeny opens to us at the same time an insight into the necessity

of our very old precepts of social duty. Henceforth practical

philosophy and pedagogics will, like theoretical general science,

deduce their most important maxims, not from supposed revela-

tions, but from the natural principles of the doctrine of evolution.

This victory of monism over dualism opens to us the most hopeful

prospect for an infinite progress of our moral as well as of our

intellectual development. In this sense we greet the evolution

doctiine of to-day, as recently founded by Darwin, as the most

important impulse of the whole of our pure and applied sciences.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Oxford.—The Oxford University Commissioners having

decided upon suspending two out of the three fellowships now
vacant at All Souls' College, only one fellow will be elected in

November.
Bristol.—The introductory lectures at the opening of Uni-

versity College, Bristol, commence on the gth inst. Prof. Letts

opens the chemistry class on the loth with an address on " Old

and New Views on the Nature of Matter," and Prof. S. P.

Thompson the class of experimental physics on the 12th, with

an address on "The Methods of Physical Science." The
evening classes will be opened about a week later. Mr. J. F.

Main, B.A., D.Sc, Scholar of Trinity College, Cambridge, has

been appointed Lecturer in Mathematics and Applied Mechanics.

Leeds.—The Yorkshire College, as it is now called, has

published a neat cilendar of about 100 pages in the orthodox

grey colour characteristic of similar publications. The calendar

contains all needful information on the organisation and business

of the College, which now possesses six chairs, representing the

main departments of science and literature, besides a chair of

civil ard mechan-cal engineering and one of textile industries.

Judging from the course of study laid down for each class, and

from the reputation of the professors, a high-class liberal educa-

tion is now within easy reach of all Yorkshiremen. The calendar

includes a prospectus of the Leeds' School of Medicine. For

the coming session a much extended system of outside lecturing

is announced, especially the arrangement made with the Gilchrist

Trustees, through their secretary, Dr. W. B. Carpenter, F.R.S.,

by which some cf the college professors will deliver four series

of "Science Lectures for the People" in Leeds, Bradford,

Halifax, and Keighley.

SOCIETIES AND ACADEMIES
London

Entomological Society, September 5.—Prof. J. O. West-

wood, M. A., president, in the chair.—Mr. F. Smith exhibited,

on behalf of Mr. G. A. J. Rothney, a remarkably fine collec-

tion of Hyraenopteia from Calcutta. Among them were several

new species of Ccrceiis and a few new species of Apida:.—Mr.

McLachlan exhibited drawings with details of Himantcptertis

fuscinervis, an extraordinary insect from Java, described by

Wesmael, in 1836, as belonging to the Lepidoptera. Dr.

Hagen transferred the genus to the Neuroptera, in 1S66, but
Mr. McLachlan had recently examined the unique specimen
in the Brussels Museum, and had decided that it was truly lepi-

dopterous. Mr. McLachlan also exhibited leaves of a large

species of Ati'r from trees growing in a garden in the neigh-

bourhood of Brussels. Almost every leaf had been mined by
the larva of a small saw-fly (Pkyllotoma aceris), a species occur-

ring in England. This insect only appeared in the locality

mentioned last year, and yet was found by Mr. McLachlan in

enormous numbers.— Prof. Westwood exhibited specimens of

a minute Hymenopteron from Ceylon allied to the British

Afymar puh/iel/iis.— Prof. Westwood also exhibited males and
females of the rare beetle Narycms smara^dtihis, from India.

This insect had remained almost unknown since the time of its

description by the exhibitor in 1S42.— Mr. James Wood-Mason,
of the Calcutta Museum, exhibited the two sexes o^ I'hyllolhclvs

IVestU'Codi (Maiitidic), which species was remarkable on account

of the presence of a large frontal horn in the female not

represented in the male.—Mr. Wood- Mason also exhibited a

beautifully-executed drawing ot a stridulating spider (lify^ale

ityidiilans) in a stridulating attitude, and likewise specimens of

stridulating scorpions, from India. Mr. Mason also handed to

the president for identification, an liomopterous insect with what
appeared to be the larva of some case-bearing lepidopterous

insect attached to it.—Mr. P. Wormald exhibited, on behalf of

Mr. Pryer, a small collection of Chinese Lepidoptera.— Mr. G.

C. Champion exhibited some rare beetles from Aviemore,
Invernesshire ; among them a new British Longicorn, Pachyla
Sixmaculata.— Mr. J. Jenner Weir mentioned a case of parthe-

nogenesis in Lasiocampn quercus which had recently come under

his notice. —The president read a letter from Ilerr Grevelink, of

the Hague, relating to the insect which destroys the West Indian

cocoa-nut trees (Aleyrodes cocoii],—The Secretary e.xhibited a

Longicorn beetle, which had been forwarded frcjm Birkenhead

by Mr. David Henderson.—Mr. J. W. Slater read a paper

entitled " Vivarium Notes on some Common Coleoptera."

GOTTINOEN

Royal Academy of Sciences, April 23.—The dates of

Genesis, by M. Oppert.

April 30.—Celebration of the centenary of Gauss's birthday.

May 5.—On the mutual relations of magnetising force, tem-

porary and permanent magnetism, by M. Fromme.— P^xperiments

on the apparent attraction and repulsion between bodies moving

in water, by M. Schiotz.—On the same, by M. Bjerknes.^

Experimental investigation on the resistance of flames to the

galvanic current, by M. Hopper.

July 7.—Demonstration of a tangent multiplier constructed

on a new principle, by M. Riecke.—Remarks on some transform-

ations of surfaces, by M. Enneper.—On the border-angle of the

expansion of liquids on solid bodies, by M. Quincke.—On
geometrical extensions of the Bezout fundamental law, by M.
Schubert.—On the structure and systematic position of the genus

Carludovica, by M. Drude.—Communication on the pyro-

electricity of tourmaline, by M. Hoppe.
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FLEISCHER'S " VOLUMETRIC ANALYSIS"
A System of I olumctric Analysis. By Dr. Emil

Fleischer. Translated by M. M. Pattison Muir,

F.R.S.E. (Macmillan and Co., 1877.)

THERE is no question that volumetric analysis does

not yet play that important part in quantitative

chemical analysis which it merits, and which on the

appearance of Mohr's well-known ''Titrirmethode" it was

confidently anticipated that it would assume. The
method of instruction commonly pursued in many of our

large public laboratories is in a great measure to be blamed

for this result. It is, of course, necessary that the student

should be put through a thorough course of gravimetric

analysis, in order that he may attain that manipulative

dexterity without which he cannot hope to become a

successful operator, and perhaps no branch of practical

chemistry is better calculated to afford the requisite

training and practice than the somewhat tedious process

of weight analysis, with its innumerable separations,

flltrations, washings, and weighings. But however

excellent may be their educational value, and however

accurate their results, there is no doubt that many of the

gravimetric methods at present in common use when
viewed as practical processes for every-day application,

fall very far short of what is required of them. It not

unfrequently happens that the busy chemist, uncertain

whether a lengthy analysis will afford him, after all, the

requisite information, hesitates to incur what he fears may
turn out to be a useless sacrifice of valuable time, and
hence, from the want of rapid and sufficiently accurate

analytical methods, many weighty facts may have been,

doubtless actually have been, overlooked. Indeed, it is

a question whether some of these analytical processes

have not done as much to retard the progress of chemical

science as to advance it. The majority of chemical

workers, especially these engaged in scientific research,

have not made analysis a special study, and hence when
they are under the necessity of making a particular

determination, they are content with the time-honoured

processes which they have learned in the course of their

laboratory-training. It is only by the appearance of such

works as the one before us that the greater number of

chemists are made aware of the advances which
quantitative chemistry has really made.

^Ir. ?\Iuir has done a very considerable service to his

chemical brethren by his translation of Dr. Fleischer's

work, for if we are not mistaken, it is the first attempt at

a radonal system of volumetric analysis which has been
offered to us in this country. The work is divided into

three distinct parts. In Part I., which treats of the

volumetric method, we have, in Section I., an account of

the principles on which this branch of the art of analysis

rests. The several forms of burettes, pipettes, and mea-
suring flasks recommended by the author, are described,

together with the methods for their calibration and verifi-

cation. The modes of preparing and standardising the

normal solutions are next described. Section II. treats

of the ordinary alkalimetric and acidimetric processes.

Section III. gives an account of the various methods

Vol. XVI.—No. 415

depending upon oxidation and reduction ; these are respec-

tively design::ted as oxidimetric and iodometric methods.
Lastly, in Section IV., we have a description of the more
important precipitation methods, e.g., Mohr's method of

determining chlorine by standard silver solution, and
Wildenstein's process for estimating sulphuric acid by a
standardised solution of potassium chromate. There is

little in this part which calls for special remark ; we
would, however, point out that in the discussion on
experimental errors, the magnitude of which, as the

student is vaguely informed, may in certain cases be
calculated by the mathematical method of least squares
it is not very apparent from the description how certain

of the errors are eliminated. Dr. Fleischer's language
is either not very clear on the subject, or his translator

has failed to catch its exact meaning. The account of a
method of verifying a pipette given on p. 23 will be apt

to puzzle a beginner, on account of the unfortunate con-
fusion between burette and pipette. We fail to see the

necessity for the retention of the Rdaumur scale of tem-
perature in a work intended for English readers ; and we
are constrained to protest, with all possible energy,

against the introduction of a new standard of tempera-
ture. What particular significance has I4°'5 R. to us in

this country .' If we are not content to take the melting-

point of ice or the point of maximum density of water
as our standard, let us at least maintain our credit as a
law-abiding people by conforming to the enactments of

our Legislature. In these respects Mr. Muir has un-
doubtedly sacrificed his independence to his loyalty to his

author.

Unquestionably the most distinctive feature of the work
is seen in Part II. ; indeed, this constitutes a most valu-

able addition to the art of chemical analysis. In this part
the author describes a variety of volumetric processes by
means of which a large number of acids and bases may
be determined, either separately or when mixed. He has
not attempted to describe all the methods which have
been proposed for the determinations of the several con^
stituents, but has given only those which he has himself
found to be reliable and capable of general application.

In Section II. of this part it is shown how each base may
be determined by volumetric methods without previous
group-separation. The substance to be analysed is ob-
tained in solution by the appropriate methods (which are
fully described), and is divided into as many portions as
there are constituents to be determined. As the author
tells us, " the process of analysis is thus much shortened,

not only by the omission of group-separations, but also

by the fact that but one or two flltrations at the most are
necessary ; in many instances no flltrations are required.

The precipitates do not require the same long-continued
washing which consumes so much time in the ordinary

processes. Two circumstances more especially recom-
mend the methods under consideration. Every estima-

tion is readily controlled by repeating the process on the

original liquid ; the analyses of technical products in

which one or more, but not all, of the constituents is to

be detennined, becomes a matter of ease, and can be
carried out much more rapidly than when it is necessary

to make a systematic separation of the metallic groups.'

Lastly, in Part Ill.it is shown how these methods are

applied to the analysis of a number of important techni-
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cal products such as potashes, soap, gunpowder, bone-ash,

superphosphates, metallic ores, alloys, &c.

We cannot close this notice of a book which is really a

solid contribution to chemical literature without referring

to a circumstance which greatly detracts from its value
;

indeed, we fear that in many cases it may prevent the re-

cognition of its great merit. Dr. Fleischer, like the great

apostle whose worthy disciple he is, praises the times

which are past ; he is of opinion that our modern system

of notation is founded on the most daring hypotheses, and

he believes that the distressing complexity which the for-

mulae erroneously styled "modern" have produced, and the

phraseology which has accompanied them, far outweigh any

slight advantage which they have bestowed upon science

;

he thinks that such formula;, " even supposing that there

is a 'shadow of a reason ' for their existence as Mohr
trenchantly remarks, are peculiarly unfitted for analytical

chemistry and for mineralogy." tiDipora, O mores

!

With such convictions we arc not surprised that Dr.

Fleischer should have insisted on the retention of the

old formulas, although he has not actually prohibited the

introduction of the newer notation in the translation.

Mr. Muir has something to say for himself on this point
;

we entirely agree with him that the objections raised by

the author have been answered times without number.

// sai/o muda coi'.scio. We hope therefore that, should

a second edition be called for. Dr. Fleischer may be

persuaded to put the work more in harmony with the

time ; we feel bound to say that had he done so in the

outset the appearance of this second edition might have

been considerably accelerated. T.

HARTLAUB'S BIRDS OF MADAGASCAR
Die Vogel Jifadagascars iind der benaclibarien Iiiscl-

gruppcn. Eiit Bci/mg zi/r Zoologie der dthiopischcn

Region. Von G. Hartlaub. Pp. 425, 8vo. (Halle :

Druck und Verlag von H. W. Schmidt, 1877.)

NOTHING can be more conducive to the progress of

zoological science in any [country than the issue

of handbooks of the different branches of its fauna in a

cheap and convenient form. Such publications bring home
to a multitude of observers a resume of the facts previously

known only to a few, and such as are too often scattered

over the pages of periodicals and other works which can

only be consulted in an extensive library. Those who are

acquainted with the vast advance made towards our

knowledge of the Birds of India since the issue of Dr.

Jerdon's Handbook will readily admit the truth of what

we say and many other examples might be adduced of the

beneficial effects of similar pubUcations.

Dr. Hartlaub's " Birds of Madagascar," although an

excellent and original scientific',work, is quite of the" Hand-

book " character—that is it gives us a resume of all that is

yet known concerning the Avifauna of Madagascar and

the appendent islands in a cheap and portable volume

—

such as may be conveniently carried in the hand of any

naturahst visiting those regions. Fifteen years ago Dr.

Hartlaub issued a volume of similar character,' but much
smaller in dimensions. To understand how great has

been the advance lately made in our knowledge of the

* " Ornithologibcher Beitrag zuf Fauna Madagascars. . Mit Eerucksich-
tigiing der Inseln Mayotte, Nossi-Be und St. Marie,'sowie_der Mascarenen
und Seychellen." 8vo. Bremen: i36i.

birds of these regions, we have only to compare the

" Ornithologischer Beitrag" of i86i with the "Vogel
Madagascars" of 1S77. Since the publication of the

former work Holland has sent forth Pollen and Van
Dam, France Grandidier, and England Crossley and
Newton, into that rich and still imperfectly explored field,

from which every one of them has reaped an abundant
harvest.

The " Lemurian Avifauna," ' according to Dr. Hart-

laub, is now known to contain 284 species of birds.

Of these 220 are found in Madagascar itself, and 104 out of

these 220 are absolutely restricted to that island. Moreover,

of these 104 birds not less than ninety are so abnormal
in structure that it has been found necessary to refer them
to peculiar genera. Compared with Madagascar itself

the appendent island groups are poor in species, although

in every case there are many interesting forms amongst
their winged inhabitants. The Comoro Islands muster only

some forty-four species ^ of birds, Mauritius about sixty, of

which fifteen or sixteen have been introduced by man's

agency, and Bourbon about the same number, while

Rodriguez appears to have only about twenty-five species

now existing in it, of which four or five are certainly

recent introductions. But we cannot speak of the recent

ornithology of these islands without a passing allusion to

the singular forms—now mostly known to us by their

fossil remains—which have become but very recently

extinct, and the gradual rediscovery of which must ever

rank among the most interesting scientific achievements

of the present epoch. Besides the Dodo of Mauritius

and its brother, the Pezopliaps, of Rodriguez, we now
know that divers curious parrots {^Necropsittacus and
Lophopsittacus) and extraordinary rails {Miserytlirus and
Aphanopteryx) lived in those islands not long ago, and
that other strange fowls were found in the same company.

Two of the remarkable forms of the Mascarene Islands

[Coraeopsis masearina and Fregilupus -varius) have

indeed become exterminated so recently that examples of

their skins are still to be found in some of our older

museums.

Let us now see what Dr. Hartlaub's conclusions as to

the general facies of the avifauna of Madagascar and its

appendent islands point to.

" Many years ago," he tells us, " the late distinguished

naturalist, Isidore Geoffrey St. Hilaire, remarked that, if

one had to classify the island of ]\Iadagascar exclusively

on zoological considerations, and without reference to its

geographical situation, it could be shown to be neither

Asiatic nor African, but quite different from either, and
almost a fourth continent. And this fourth continent

could be further proved to be, as regards its fauna, much
more difterent from Africa, which lies so near to it, than
from India, which is so far away. With these words, the

correctness and pregnancy of which later investigations

tend to bring into their full light, the French naturalist

first stated the interesting problem for the solution of

which an hypothesis based on scientific knowledge has
recently been propounded.
" For this fourth continent of Isidore Geoffrey is Sclater's

' Lemuria '—that sunken land which, containing parts

of Africa, must have extended far eastwards over

I Madagascar an<l its islands were proposed to be called Lemuria, in 1864,

by Sclater, as being supposed remnants of the old" Terra Lemurum," where-

in this peculiar form of mammalian life liad its origin. The name has been
adopted by Haeckel and other writers on Distribution.

^ Since Dr. Hartlaub's work was published, an important addition has
been made to the Avifauna of the Comoros by Mr. Edward Newton, in his

memoir of the birds of the Island of Anjuian, (P.Z.S. 1877, p 295 et. seqq.)
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Southern India snd Ceylon, and the highest points of

which we recognise in the volcanic peaks of Bourbon and
Mauritius, and in the central range of Madagascar itself

—the last resorts of the mostly extinct Lemurine race

which formerly peopled it. When Wallace, whose utter-

ances on this subject everyone must read with the greatest

interest, puts forward a former junction of Madagascar
with Africa as beyond doubt—a junction which, hovvever,

must have terminated before the inroad into Africa of

. the more highly organised mammals—everyone will

allow this opinion to be at all events well founded. But
when he proceeds to state that the fauna of Madagascar
is manifestly of African origin, his assurances are based
upon very slender grounds. In truth the individuality of

the fauna of Madagascar is so unique that even that of

New Zealand can hardly be compared with it. Wallace's

attempted parallel between Madagascar and Africa, and
the Antilles and South America is, in our eyes, sufficiently

disproved by the occurrence in the Antilles of Trochilid;e,

one of the most characteristic forms of South America.
But in Madagascar not one single one of the genera most
characteristic of Africa occurs. This originality of the

fauna is much too pronounced to allow Madagascar to be
treated of only as a ' sub-region ' or as an ' aberrant part

'

of the .-Ethiopian region."

To prove this position, Dr. Hartlaub in his interesting

introduction to the present work, recapitulates the points

in which the avifauna of " Lemuria " approximates to

that of India and diverges from that of Africa."

" But the negative evidence," he adds, " is still stronger

in the same direction. The groups of Musophagidi-e,

Coliidic, Lamprotornithina.', Buphagidaj, Capitonidre,

IndicatoridiP, Bucerotid;B, and Otidinte, so eminently cha-

racteristic of Africa, are entirely absent in Madagascar,
besides the genera Gypogeramis, Helotarsus, Coracias,

Crateropus, Irrisor, Bradyoniis, Diyoscopus, Laniarius,
Tchphonits, Pn'onops, Platystua, Haxicola, Picatliartes,

Balceniceps, and others, which are remarkably rich in

individuals and species in Africa. Besides this. Larks
and Chats, which in the African fauna are specially

prominent on account of their numerous forms as well as

regards their individual and specific abundance, are only

represented by a single species in iiladagascar itself, and
in the rest of the sub-region not at all.

" In conclusion," Dr. Hartlaub adds, "if we take a
glance at the families of the Madagascar sub-region as

compared with those of Africa, four of these (Mesitida;,

I'aictidit, Eurycerotida?, and Leptosomida;) are peculiar,

whilst the Diurnal Accipitres, Pigeons, Honeyeaters, and
Cuckoos, are richest in species. In a considerable degree
this is also^the case with the orders Gralla; and Anseres.
As contrasted with Africa the Fringillid;e, Meropida;, and
.Sturnidaj (represented by only one genus), are extra-

ordinarily poor. On the other hand, the Coraciida;,

Laniidee, Artamidje, TurdidK, Muscicapida:, Pycnono-
tidse, and Lusciniidffi, are remarkable for their peculiarly

modified types, and the Sittidie, which are quite unre-

presented in Africa, for the anomalous form HyphapcsP

Such are Dr. Hartlaub's matured views on a subject

which he has long had before him, and is, above all per-

sons, qualified to speak.

In concluding our notice we have only to thank him
on the part of ornithologists for his convenient and useful

volume, and to wish that the Avifauna of many other

countries were treated of in a similar manner.

OUR BOOK SHELF
Pollen. By M. P. Edgeworth, F.L.S. Illustrated with

446 figures. (London : Hardwicke and Bogue, 1877.)

Mr. Edgeworth informs us in the preface that this

work is a considerably altered edition of a paper laid

before the Linnean Society last year, but withdrawn by
the author, on account of his omitting to notice the work
of other botanists, British and foreign, on the same
subject. The work chiefly consists of plates with the
explanations and a list of forms of pollen figured by other
authors, as well as some general remarks on the forms of
pollen in different families. The figures are all drawn to

scale, are fairly done, and there can be little doubt that
the microjcopist who loves pretty objects will promptly
avail himself of i\Ir. Edgeworth's assistance in following
up the subject. Very much valuable information is given
in this book and it cannot fail to be useful to the scientific

botanist. We feel, however, that Mr. Edgeworth does
not wholly command our confidence on account of certain

blunders he makes. Most of the German botanists have
their names misspelt. Thus he always calls Purkinje
" I'urjinke," Naegeli " Nagili," Rosanoff "Romanoff,"
I'ollendcr " Pollcnden," Luerssen " Leursen." Surely if

Mr. Edgeworth had been familiar with the writings of
these men, he from merely seeing their names on their

papers, would not have blundered so strangely. Then
«e feel rather doubtful about his references as we have
failed to find any paper by "Nagili" in Pringsheim's
'' Jahrbvicher," \ol. iii. Naegeli's name does not occur at

all in the index to the first ten volumes of Pringsheim's
" Jahrbiicher." The third volume of the " Jahrbiicher "

was published in 1S63, while Naegeli's paper on the
development of the pollen was published at Zurich in

1842. We think the student would hardly find the papers
of " I'urjinke in Latin," " Kritsche in German " " Pol-

lcnden Bonn." Why not refer to the proper title of the
book or paper ? Pollendcr has published two papers on
pollen, at Bonn, one in 1S67, in quarto ; another in 1S6S,

in folio. To which does Mr. Edgeworth refer ? Then
surely it is too late in the day to describe the pollen of
the pine as consisting of " 2 grains of pollen connected as
it were by a broad band" (p. 8) ; or the pollen of some
Acanthaceaj as existing " in a peculiar coil, which can
be unwound," in both cases the peculiar development of

the extine being overlooked. Altogether, then, the work
has slightly disappointed us, but perhaps we should not
jud^e so much by the blemishes we notice in it, as by
the undoubted worth both to the amateur and scientific

botanist of the figures and references.

Die A lister und die Austermairthschaft. Von Karl
Moebius. (Berlin : Wiegandt, Hempel, and Parey,

1877.)

Ml CH has been said and more has been written about
oysters and their culture. Astonished by large figures

many writers wished to astonish their readers in a similar

way, and to induce the coast population of all civilised

countries to undertake the culture of enormous masses of
this most costly of all molluscs. Thus a belief has been
widely spread that wherever there was a coast and sea-

water, oyster-beds could be established and quantities of
oysters could annually be obtained without much trouble.

The little book we have under notice is therefore well

timed. It reduces to their proper and reasonable measure
all ideas on this subject in speculative heads, and, as

the author owns himself, it will for that reason be hardly
welcome to these would-be oyster cultivators. But it will

be all the more so to biologists, proprietors of oyster-beds,

and the educated public generally, since it contains

valuable details of the biology, the peculiarities, and the

Ife-conditions of oysters. It will, we have no doubt, also

find a favourable reception amongst those government
departments of the various states of Europe and America,
whose duty it is to superintend the oyster-fisheries and
the natural oyster-beds, since it will offer them a reliable

basis for their judgment in adopting or rejecting measures
relating thereto. Prof. Moebius gives a very able account

of the artificial oyster culture in France, and of the

attempts made in this country to introduce the French
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system of artificial culture, which unfortunately all ended

in failure. He then asks the question whether artificial

culture after the French method would be possible on the

German coasts of the German Ocean, and in a well-

written chapter arrives at the conclusion that this ques-

tion must be answered in the negative. An important query

is whether natural oyster-beds can be artificially enlarged,

and whether new oyster-beds can be established. Prof.

Moebius thoroughly ventilates this question, and an

attentive perusal of the little work will not leave anybody

in doubt as to whether any intended experiments will or

will not be crowned with success. The author quotes

several examples of natural beds which were ruined by

over-fisihing ; he also gives an account of the repeated

experiments itiade in the Baltic with a view of establishing

natural oyster-beds, all of which tailed, the last with 50,000

oysters deposited in 1843 near the Island of Kiigen, of

which only two years afterwards not a single one remamed
alive. One of the most interesting chapters in the book is

the one treating of the increase in the number of oyster-

eaters, the rise in the price and the decrease in the quantity

of oysters ; it contains numerous statistical data showing

how, in 1740, frt-sh oysters were sold at Hamburg at 3^/.

per hundred ! Even as late as 1830 they were sold at \s.

per tub (about 1,600) at Falmouth ; but Prof. Mcebius

doubts whether in this age of railways and steamboats we
shall ever return to such a state of things. A chapter on

the chemical constituents and the taste of oysters, and

another on the object and results of a rational culture

of oysters, form the conclusion to this clever little work.

Die Naturkriifte. — Die Gesetzmiiszii^kcit im Gcsell-

schaftslcben. Statische Studien von Dr. Georg Mayr,

Mimsterialrath und Universitats Professor. (Miinchen :

R. Oldenbourg, 1S77.)

This small and readable volume contains a slight but

comprehensive sketch of the main features of political

and social statistics. It shows how the necessary data

have to be obtained, how they should be discussed, and
how the final results may be most clearly published,

whether in a graphic or a tabular form. It enters into no

technicalities, it is of very little value as a storehouse of

information, and it contains perhaps no remarks that are

strikingly original, but being written by a very competent

statistician it has the merit of giving a good, general idea

of the range of statistical inquiry and of its national value.

It is well calculated to instruct those who may desire to

obtain a broad and just view of the efforts, the difSculties,

and the achievements of modern statisticians. F. G.

LETTERS TO THE EDITOR
[The Editor does not hold himself responsible for opinicns expressed

by his correspondents. Neither can he undertake to return,

or to correspond with the writers of, rejected manuscripts.

No notice is taken of anonymous communications.

The Editor urgently requests correspondents to keep their letters as

short as possible. The pressure on his space is so great that it

is impossible otherwise to ensure the app arance even of com-

munications containing interesting and novel facts.

\

Potential Energy

Most persons must agree with your correspondent, " X.,"

that the term " potential energy" has been used with consider

able v.igueness and witti some difference of meaning by various

writers. They may even go further, and doubt at times whether

they are quite clear with respect to the cases to which the terms

"force "and "energy" are respectively applicable. But this

arises, I am inclined to think, from the difficulty of understand-

ing what is force, and would certainly not be removed by bring-

ing these two terms into m.ore frequent and closer juxtaposition

than that in which they are now found.

Without attempting to reconcile the somewhat conflicting views

of different writers on the subject of po'enual energy, which,

however, I must own, are not so far apart from one another as

"X." seems to suppose, I should like to make a few remarks

with respect to his proposal to trans'er " potential energy " from
the body in which it is said to exist to the force to which it owes
its existence.

Energy, as generally understood, is of two kinds : the one is

energy of motion, and the other energy of configuration. In
both cases the system possessing energy has the power of doing
work ; in the one case actually, in the other potentially. Now
it is against this potential power of doing work that " X." pro-

tests, for he considers the expression tautological. But here I
disagree with him. I can see nothing incomprehensible in the

statement that a body has the power of acquiring the power of

doing work ; and, to restrict myself to the very simple illustra-

tion of a stone raised to a certain height, I should say that the

system of the stone and earth, by the action of a certain force

through a certain distance, had gained the power of acquiring a
certain amount of kinetic energy, i.e.. the power of acquiring

the power of doing a certain amount of work.
This seemingly tautological phrase is more in the language

than in the idea ; for we often use, with respect to other sub-

jects than physics, similar expressions. We may say that the

possession of wealth confers the power of purchasing, and a
wealthy man is one who possesses a certain power which he may
have gotten himself, or which may have been transferred to him
from another. But a youth with a certain education, and placed
in a certain position, though not yet wealthy, may be said to be
in a position to acquire wealth,—to have in himself the power of
acquiring the power of purchasing.

One other point I would notice before considering " X.'s
"

new proposal.

But first I would say that justice is hardly done to every
" dortor " (I am none myself) when we ate told, in connection
with the projection of a stone upwards, that "the gravitation

attraction is usually and conveniently conceived and spoken of
as all the earth's ; and the stone is usually regarded as being
simply attractiv/," and that "every doctor will frequently speak
thus." Certainly one doctor whom "X." has quoted is careful

to say that " when a stone has been lilted to a certain height

above the earth's surlace, the system of two bodies, the s'one

and the earth has potentiil energy, and is able to do a certain

amount ol work during the descent of the stone."'

"X." finds considerable difficulty in understanding that if

the leaden weight of a clock is raised by winding it up the

energy of the clock is thereby increased. He says that " the

weight sets-toand work^ with E., which it has not in possession,

but only has the power of acquiring, and which it lo;es the

power of acquiring ! !
" and in a note we are told that " the

weight never acquires more than a quite insensible amount of

actual E, so called." This is quite true, because the "actual E."
is continuously used up as fast as it is acquired. If the weight
could have fallen freely it would have possessed a store of

"actual E. ' at its lowest point ; but instead of being able to do this

it has been continuously transferring its actual energy to the

machinery of the clock which it has set in motion. The weight

at Its highest point was in a position for doing work, and during

its descent work has been done.

Let us see now if there are no difficulties connected with the

proposal to call potential energy " energy of tension," and to

locate it in the force rather than in the body. We are told if

you spend E. "in raising a stone to a certain height, you have
bestowed your E. on that attraction, you have transferred your

E. to gravity." This is not veTy clear, but " X." goes on to say
" that attraction was beforehand pressing at the stone as hard as

it could (this looks as if " X." placed the attraction in the earth

only), but it had no power of doing work." Well, why not?
Because, practically, there was no force acting on the stone.

The lorce of gravi ation was counteracted by the reaction of

the suriace on which the stone was resting. A force tree to act

has always the power 01 doing work ; but the existence of a force

presupposes the existence of a body, and the confusion is, there-

fore, considerably irxre.ised by speaking of ttie transference of

the power of doing woik from a body to a force. There seems

to be no harm in speaking of the energy ol a torce, but then we
mean the energy due to a force ; and this can be as well said of

kinetic as of potential energy.

With the metaphysical dilficulty about force staring us in the

face, it surely would be very unwise without the gain of some
much more solid advantage than "X." has made out, to com-
plicate the idea by giving it the attribute of possessing energy ;

the connection between force and matter is so intimate that

let energy mean what it may, the idea of its transference iVom

Clerk Maxwell, "Matter and Motion," p. 81.
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the one to the other is unintelligible There are many dilti-

culties connected with the subject of potential energy which the

progress of science is likely to remove, but they are not to be got

over by the verbal alteration proposed by your correspondent.

The enert:y of compressed air was at one time supposed to be

potemiil and is now regarded as kinetic. Further inquiries into

the constitution of matter may enable us to see that many forms

of energy which are still regarded as potential are really "actual."

Meanwhile we may, I think, suppose potential energy to mean the

power of acquiring the power of doing work and to be located

in the system possessing ihis power. P. M.
The Arts Club, October 7

Indications of the Ice-age in Shetland

Shetland will now be narrowly searched for proofs of

glacial aciion by every tourist who takes an interest in such

vestiges of a bygone era. Smoothed surfaces, strias, and grooves

are so abundant and distinct on Mr Peach's ground—the sand-

stones on the shores of the Loch of Ciickhemin, and of the im-

mediately adjoining bay—as to have long ago suggested the

innocent or waggish notion that the la't were scratches made by

the p:ows of the Norsemen! Still on the mainland, but some
forty miles distant, on the shores of the magnificer.t bay of St.

Magnus, stri.-e are to be seen on the sandstones ot the haaf-

fishing station at Stennis, and till, or boulder-clay, lies in patches

on the Tuans ol Hillswick. Ice has ma'ie distinct markings,

running east and west on the gneissose rock close by the door of

the tarm-house of Ailesbargh, which is perhaps about a mile

north of the narrow isthmus of Mavis-Grind. The huge mo-
raine-looking mound, which lies between the south -nst foot uf

Ronas-hill and the head of Ronas-voe, claims a special xamina-

tion by those who wish to be further satisfied as to tlie former

existence, or otherwise, of glacial action in Shetland. G. G.

The Discoverer of Photography

In your account of the death of Mr. Fox Talbot (Nature,
vol. xvi. p. 464), you state that he first entertained the idea of

the art of what is now called phoiography in 1833, and that it

was rot till 1839 that he and Daguerre first made known the

principles of photography under the name, I think, first of

Daguerrotype, followed by Talbotype. I therefore think the

following notes concerning Niepce may interest some of your

readers :
—

I cannot now from memory give exact dates, but I think it

was at least ten years previous to 1839 that there lodged in a

neighbouring house to where I now reside a Frenchman of the

name of Niepce ; he was, I think, engaged on a perpetual motion

machine..' He died, which necessitated his brother coming from

Paris to Kew. The brother was a theatre scene- painter, and had

discovered the art of fixing upon metal the pictures of objects re-

flected by the sun. On arriving at Kew he put up at the " Coach

and Horses" Inn, then kept by Mr. Cusel, and not being able to

speak English, Mr. Cusel introduced him to Mr. Francis Bauer,

the celebrated botanical artis', then residing at Kew. Niepce

had brought with him three pictures, specimens of his discovery,

which he showed to Mr. Bauer, who became much interes:ed in

them. He deemed the discovery worthy of being made
known to the Royal Society, but as the method of obtaining

the pictures was not described in the notice sent to the

Society, they would not entertain it, and nothing was done

in the matter. Niepce returned to Paris, leaving two of

the pict'jres with Mr. Bauer, and the third with Mr. Cusel

in part payment of his bill, he being a poor man. Being a fre-

quent visitor to Mr. Bauer, the latter naturally called my attention

to the two pictures that hung in his room for at least ten years.

In time Niepce let the secret of his discovery become known to

M. Daguerre, and in 1839 this discovery came before the public

under ttie name of " Daguerreotype," and about the same time
" Talbotype " was announced. This led Mr. Bauer to write a

letter to the Athciucum, fully explaining all particulars of what

I have here stated from memory. In his letter Mr. Bauer said

he should be happy to show the pictures to those interested in

the subject. Consequently he had many callers, one of the

earliest being Dr. Percy, whom I remember coming to me, want-

ing to know where he could find Mr. Cusel, who had then retired

and was living at Richmond. Dr. Percy went off to Richmond
with the intention of buying the picture, but I remember telling

him Mr. Cusel would not sell it as he was not in need of money.
Such was the case, as Mr. Cusel told me some time after " that

he would not sell it ; no ! not if he was offered 100/. for it."

Mr. Cusel is long since rieaH, and what became of his picture I

know not. After Mr. Bauer's death, in 1840, these two pictures

came into the possession of his friend, Mr. Robert Brown, and
I believe are now in the British Museum.

If you consider what I have now stated worthy of a place

in Nature, it is at your service. J. Smith
Park House, Kew, October 9

The Portrait of Tycho Brahe

In reference to the portrait of Brahe engraved in Nature
(vol. XV. p. 406), and to Mr. Dreyer's remarks on it (vol. xv.

p. 530), I have the pleasure of sending you the following par-

ticulars. In the first place I have permission from Herr Friis,

of Copenhagen, ihe learned editor of TkhoitU Bmhei el ad eum
doctorum vtrorum Episiohv. Havnicn, 1S76, &c., to publish an

important letter from himself :

—

Copenhagen, June 9, 1877

Dear Sir,—I have seen in Nature (vol. xv. p. 405) an
article on Tycho Brahe, with a portrait of him after a painting

in your possession. On that account I take the liberty of

addressing myself to you.

In a book printed in Copenhagen in the year 1668 is men-
tioned a portrait of Tycho Brahe which once belonged to King
Frederick III., and which, no doubt, has had an emblematic

figure and inscription similar to that of the portrait you own. The
title of this book is " Inscriptiones Haffnienses latinae, danicae

et germanics una cum inscripiionibus Am.igriensibus, Urani-

burgicis et Stelljeburgicis, &c., edi curivit Petrus Johannis

Resenius," and in that you read at page 335 the following :

—

"Sub pyramide tegumento quodam cooperta ad effigiem

ejus quEe in Augusiissimi Regis Dinia; Friderici III. Bibliotheca

hodie reservatur depicta haec legitur inscriptio :

—

Stans tegor in solido ventus fremat ignis et unda
Vandesbechi

an. mdxcvii quo post divtinum in patria e.\ilium demum
pristin.e lieertati restitutus fui

Tycho Brake, Or.

On leaving Denmark T. Brahe rent his portrait to his fiiend,

the learned Holger Ro»enkrantz. This has, I suppose, been

one resembling the one you now possess, even if it should not be

just the same. Compare T. Brahe, "Astronomic instauratse

mechanica." Wandesburgi, 159S, fol4.

The German letters on the order M. H. Z. G. A. indicate

Frederick the Second's motto : My hope (is) in God alone (Maine
Hoffnung zu Gctt alleio), which is often seen in buildings, &c.,

from his time.

If you will be kind enough to send me a photograph of the

before-mentioned portrait, I should feel very grateful to you,

as I have made the biography of T. Brahe my special study, and
just recently began to publish his correspondence with his learned

contemporaries.

Hoping that you will not deny me this favour, I am, dear sir,

Yours obediently,

F. R. Friis

Cortadelers Gide, 7, Copenhagen

I have referred to an exquisite copy of the Inscriptiones

Hafinienses, from the library of Colbert, belonging to Chetham's

Library, in this city, and on the same page referred to by Herr
Fiiis I find a poem by Oliger Rosenkrantz addressed to T. Brahe,

and prefixed to the Mechanica, of which the last two lines are

very interesting, as alluding, in ray opinion, to the emblem on
my portrait. They are :

—

" Pectora quam Divi dispensant tramite justo,

Stansq. vado /hicius, imbres etjlainitiii teinnt.'*

I wish to add a few remarks, and before I proceed farther I

would observe that in your engraving the dress o( Brahe is not

given correctly, not from any fault ol yours or of your engraver,

but because the detailed drawings sent in answer to a request

from him to me for details did not reach him until the plate was

too far advanced. I have had the picture re-photographed, the

photograph worked upon from the picture in a strong light, and a

satisfactory result will be published in the Memoirs of the Literary

and Philosophical Society of Manchester, and also, I believe, in

Herr Friis's very interesting and important work, two fasciculi of

which he has kindly sent me.
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It is now certain tliat Bialic, whilst at Wandesbeck, or Wan-
dcsburg, near Hamburg, sat to a painter, for here we have
evidence in a book published at Copenhagen, in 1668, that

King Frederick III. had that picture and that it was dated
Vandesbechi, 1597 ; and moreover, that that portrait had an
emblem upon it, which, from the motto, was presumably very

like that on mine, but the position and the words of the motto
differing, the motto ?ind also the inscription on King Frederick's

portrait being bdow the emblem, whilst on mine the motto is

on a ribbon or label wound round the pyramid, and the inscrip-

tion is on the other side of the picture. In King Frederick's

the emblem consisted of a pyramid with some kind of covering

("sub pyrtmide tegumento quodam cooperta"), and so it is in

mine. That wind, tire, and water were also represented in that

emblem, as in mine, is clear from the words " ventus, ignis, et

unda " in tlie motto, which are precisely the words employed in

mine, the only difference in the two cases being that in the king's

there is the word " fremat," instead of " strepat " as on mine. In

my portrait the year 1597 is inferred from the inscription saying

"Anno 50 completo," Brahe being fifty years old on December

'3i 1 596. By a careful examination of Brahe's Latin Life by
Gas?endi, 1656, I found that Brahe wrote a remarkable poem
addressed to Ranzovius, in which the words '* e.xilium in patria

"

occur ; and as he stayed at Kanzovius's from the end of October,

1597, I conjectured {Procadiiigs of Lit. and Phil. Soc. of Man-
chester, October 31, 1S76) that my portrait was painted between
that date and his next birth-day (December 13, 1597), a supposi-
tion confirmed by Herr Friis pointing out that the lost picture
of King Frederick's is dated at Wandesburg (Vandesbechi).
That mine is no copy of that picture is manifest from the

diRerences which the notice in the " Inscriptiones Haffnienses
"

has enabled me to point out. My conjecture is that Brahe sent

his portrait to King Frederick, who is expressly absolved by
Brahe from the blame of Brahe's expulsion from Denmark, and
that he advisedly wrote "pristine libertafi " instead of " hbertati
desiderata: " as on mine ; and further I have little doubt that the
same ar. ist painted both pictures.

I have examined the portraits in the print room of the Biitish

Museum as well as the oil painting at the Royal Society, and
have taken much pains to ascertain the txi.stence of any other
portrait than mine representing Brahe later than 1587 ; ten years
earlier than mine. That it does not agree with the engraving
after Gumperlin's portrait is no proof whatever that mine is not
a good representation of him in his fifty-first year, when we con-
sider how much a man's features change in the ten years between
forty-one and fifty-one, and moreover Brahe may have been in
the meantime to the Promontory of Noses for a fresh one. But
whitever be the reasonableness of these conjectures, it is almost
certain that he sat twice at Wandesburgh to this portrait painter,
and that one of these portraits was considered worthy of a place
in the king's library. Samuel Crompto.n

JManchcster

Lumiere Cendree

ScHROTER pointed out that it is towards the third day of the
new moon that the ashy light has the most intensity and that it

is stronger before the new moon than after.

Schroter's explanation is that during the waning of the moon
the ashy light is stronger because the moon is enlightened by the
continents of Asia, Africa, and Europe, but after the new moon
by the Atlantic and Pacific Oceans.

Godfray in his Astronomy says :—Supposing this difference to
exist, and this explanation to be the correct one, the phenomenon
must be just reversed in China and Japan.
Has anything been done to test the accuracy of Schioler's

theory? If it is correct the ashy light cannot present the same
appearance to an astronomer in New York, because there would
be a greater proportion of reflecting surface in the hemisphere of
the earth turned towards the moon in the one case than the
other.

Schrijter, I believe, found that the ashy light was stronger in
autumn than in spring. This cannot be accounted for by his
explanation, for the distribution of land and water remains the
same.

I shall be obliged to any of your correspondents who can tell
me where there are any records of observations on this subject.

B. G. Jenki.ns
4, Buccleuch Road, Dulwich, October i

Lightning Conductors

In a paper on lightning conductors, communicated by us to

the Journal oi the Society of Telegraph Engineers, we gave at

full length our reasons for believing that the wire cage first

suggested some years ago, and recently proposed by Prof Clerk
Maxwell, as a protection against lightning, would not act as a
complete protection, since, although there is no resultant force

inside a closed conductor due to exterior statical electrification,

experiment shows the existence of such a force when electric

currents are passing either near or through a closed conductor.
The recent case of deaths by lightning in a mine, communicated
to the Asiatic Society of Bengal, on April 4 of this year, by J.

J. Whitty, Esq., superintendent of the Kurhurbari Collieries,

Giridhi, India, appears to add experimental proof to the reason-
ing advanced in our paper. Mr. Whitty says :—" The mine is

a shallow one, worked by levels driven on the side of a flat-

topped hill, only twenty feet from the surface, which is,

therefore, the thickness of rock above the coal-seam. The
working-face where the accident occurred is about 130 feet from
the opening. There were a number of miners in the drift at the
time. Those near the entrance were unaffected. The two who
were killed (a man and a woman) were at the working-face in

adjoining galleries, separated by about twelve feet of coal. A
young sal tree, standing as nearly as possible over the position of
the .accident, was slightly damaged, and in the ground at its base
a hole, about one inch in diameter, seemed to have been formed
by lightning. The little hill, or phteau, in which the mine is

situated is one of a small irregular group in the centre of the
coal field, about 200 feet high. It is formed of the coal-measure
sandstone. The dramage is thorough, and the mine was quite
dry. From the presence of the workmen the sides of the gal-

lery and the air in it were probably damper than the rock. The
tree or other vegetation on the hill is scanty. On the day of the
accident o'96 inches of rain fell."

It would therefore appear that the two people who were killed

were practically entirely surrounded by a partial conductor in

connection with the earth. It will no doubt be objected that

twenty feet thickness of coal-measure sandstone, even when
damp on the surface, is not a good closed conductor, but we
think it is certainly as good a protection as would be afforded by
llie wires Prof. Clerk Maxwell proposes to lead merely along the
edges of a building. John Perry

W. E. Ayrton
The Imperial College of Engineering, Tokio, Japan,

August 6

Electric Lighting

I HAVE examined the patent (No. 10,919, November 4, 1845,
Edward Augustin King) which Prof. Mattieu Williams drew
attention to in Nature, vol. xvi. p. 459, as anticipating the
invention of Lodighin's electric wick, and I think LoJighin has
been clearly forestalled in principle, the practical details alone
being different in the two cases.

I do not think, however, that Mr. King's patent includes
Koslofi's improvement, whatever value may attach to the latter.

I think it is very plain that porcelain is employed in King's
patent merely as an insuLating bar to connect the two forceps
rigidly together without shunting any of the current between
them past the carbon.

J. MUNRO
West Croydon, October 2

Caterpillars

Last year (Nature, vol. xv. p. 7) I communicated the result
of some experiments on the caterpillars of /«?•/,( /'ra.t.[/c<r from
which it appeared that, when these are artificially converted from
siiccincti into suspcttsi by cutting the loop before the exclusion of
the chrysalis, a certain number (a third or fourth of the whole
succeed in attaching themselves to the silk by the hooks in the
tail of the chrysalis in the manner of the true sicsfensi. I have
repeated the experiment this year with a like result, and I have
also had the satisfaction of witnessing the process of successful
exclusion, and comparing it with that of the chrysalis of Vanessa
nrticT. The method is essentially the same, except that the
rapid and assured precision with which the Vanessa chrysalis
thrusts up its tail and lays hold upon the silk, is replaced in
Pieris by long and laborious efforts, as if the tail were just a little

too short to reach the silk.

I have likewise made similar experiments with another of the
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siucincti—AnlJiMhai-is cardamiiies—with the following results :

—

In seven instances I tut the loop (and sometimes a second one)

which the caterpillar had spun ; and in all the chrysalis was
excluded without falling down ; but in no case was the tail of

the chrysalis withdrawn from the pocket of the old caterpillar-

skin, so that its suspension is direcily from the latter. In eleven

cases in which I did not inter ere, only two chrysalids were
excluded in the normal wav, i.e., vertically, with the head up, a

girdle round the inSfCt and the chtysalis-'ail withdrawn from the

old skin and attached immediately to the silk on the stem of ihe

plant. In three other cases in which a loop was spun by the

caterpillar, the chrysalis seems to have turned upside-down during
exclusion, the tail being now uppermost, the ioaf> tivisUd.^ and
the hooks fastened in lud.se silk upon the plant-siem. Six cater-

pillars either spun no loon at all or one so insufficient that they

became .•?/j;^fV/j2 of themselves before exclusion began, and were
all but one (which fell down) successfully excluded in thi> posi-

tion— the tail of the chrysalis, however, being still retained wiiliin

the pocket of the old skin.

The most interesting and curious point in the trans rormation
of a caterpillar of the suspctisi is the manner in which Ihe newly-
excluded chrysalis is kept from falling, while its hook-furnished
tail is being withdrawn from the old skin of the caterpillar and
made fast in the cone of silk to which the latter was attached.

I am ignorant whether any other explanation of this process has
been given than that, I believe, orjginally communica'ed by
Reaumur and detailed in Kirby and Spence, vol. iii. pp. 20S-
209, and repeated in such recent works as Figuiei's "Insect
World," from the English edition of which work by Prof. P.

Martin Duncan (1872), p. 148, I quote the following account of

the pupation of K(7ttf.fja ?^r//V«r .• — *' But here comes the culnr,i-

nating point, the most difficult part of ilie operation. The
chrysalis, which is shorter than the caterpillar, is at some
distance from the silky network to which it must fix itself;

it is only supported by that extremity of the caterpillar's

skin which had not been split open. It has neither legs

nor arms, and yet it must free itself from this remaining
part of the skin, and reach the threads to which it is

to suspend itself. The supple and co7itractile segments of the

chrysalis serve for the limbs whieh are 7uanting to it. Between
two of thfse srgnients, as wi h a pair of pincers, the insect seizes a

portion of the folded skin, and -a th stick a firm hold that it is able

to support the whole of its body on it. It now curves the hinder
parts slightly, and draws its tail entirely out of the sheath in

which it was inclosed," &c. (The italics are mine.) How this can
be conceived possible, considering the utterly soft condition of

the newly-excluded pupa, and that the caterpillar skin is now
*' reduced to a packet so small that it covers only the end of the

tail of the chrysalis " {loc. cil. ), in which, moreover, there are

no longer any free segments, I cannot understand. On the

other hand, it is very tasy to show that the last and sufficient

bond of conneciion between the chrysalis and the old larv.i-skin

isrt membrane extending from the lining of the latter to the anterior

horns ofthe two lateral ridges bounding the analarea oftheeh rysalis,
I have prepared several specimens showing this membrane still

intact, and should be happy to forward one or two, if required,

for inspection. I find it in all three species of butterfly men-
tioned above, and I believe it is to the persistence of it unbroken
that is owing the continued suspension of my chrysalides of

Anthocharis. I have tested its strength to sustain the weight of

the chrysalis, and the time during which it resists desiccation

and the writhings of the insect, the obvious object of which is,

not to get lid of the old caterpillar-skin, but to rupture this

membrane after the chrysalis has made good its tail-attachment

to the silk. J. A. OsB jrne
Milford, Lettcrkenny

The Satellites of Mars

It is not necessary to have an enormous telescope in order to

see the outer satellite of Mars. 1 had a very satisfactory view of

it on September 15 at gh. 20m. with a nine-inch reflector, and
only lost it in the planet's glare at abjut loh. 50m. I would
have written to you on the subject earlier, but was not aware
that it was considered so extremely difficult an object until I read

the letters in your paper of the 27th ult. John Brett
The Lizard, Cornwall, October 6

Rate of Mound-Building

The papers announce that Mr. Layatd has obtained permis-

sion to renew excavations in the Mesopotamian Valley. Several

other explorations will be in progress duiing the coining season
in countries where no trained labour can he obtained. I write

to beg the gentlemen having the work in charge to make some
accurate observations as to the amount of dirt which a man can
move in a day with rude implements, noting the distance as

well. A discussion has siirunj up concerning the time required

to build our Mississippi Valley mounds. The investigation of
which I speak will throw S3me light on the subject.

Washington, D C, September 26 Otis T. Mason

OU/i ASTRONOMICAL COLUMN
The Melbourne OESERV.\TORy.~The twelfth Report

of the Board of Visitors of this Obseivato-y, addressed
to the Governor of Victoria, with the Annual Report of
the Government Astronomer, is before us. It presents an
outline of the work accomplished between June 20, 1876,
and May 22, 1S77, and of the work in progress and in

prospective. With the great retlector, which is in charge
of Mr. Turner, the observation and drawing of Sir John
Herschel's figured nebulae has been continued. A finished

drawing of the Horse-shoe Nebula, M. 17, has bten
nude, together with drawings of fifty-seven of the
smaller nebulae. The publication of this work is in

progress ; out of ninety-three drawings which it is

intended to publish, sixty-one are already lithographed
;

they are represent? tions of the nebulie on a black
ground, and Mr. EUery states that they render the
telescopic appearance of the objects in a most ettective

and truthful style, and if the lithographic printers succeed
in obtaining the requisite number of copies as perfect as
the proof copies which were submitted to the Board of
Visitors, he considers that " the whole difliculty of
economically and satisfactorily reproducing these astro-

nomical drawings will be surmounted." The descriptive

letter-press will be ready by the time the lithography is

finished, and it is expected that before the next annual
inspection of the Observatory this first instalment of
results furnished by the great telescope will have been
distributed over the colonies and throughout Europe and
America. With the " South ecjuatorial " Mr. Ellery has
been engaged upon a woik of no small interest and
astronomical value, viz., the re-measurement of the
double-stars contained in Sir John Herschel's Cape
Catalogue, 1834-38, in which revision he is promised the
co-operation of I\Ir. Todd with the Adelaide refractor.

Mr. Ellery further mentions that he hoped to utilise the
present opposition of Mars, in connection with northern
observatories, for a determination of the solar parallax.

The transit-circle observations, which are regarded as the

main work of the establishment, are zealously continued.

The magnetic and meteorological work is upon the same
general plan as hitherto, but the former was likely, at the

date of the Report, to suffer some interruption from the
necessity of erecting a new magnetic-house.

The Outer Satellite of Mars.—Though this object
will no doubt be growing fainter with the increasing dis-

tance of the planet from the earth, a few positions are

subjoined which have been deduced from elements fairly

representing measures made by Mr. Common, at Ealing,

to the end of September. The two or three days when
the moon will be near to Mars are omitted :

—
At %h. 30/«. Greenwich Mean Time.

Oct. II ... Pos.

1. '2 ... ,,

.. 13 • -,

>, I4-- ,,

.. 15 ,,

,, 16... „

At the times mentioned in Lord Rosse's letter (Nature,
vol. xvi. p. 457) the calculated places of the satellite were
as follows :—September 8, at iih. 45m., pos. 70°, dist. 83",

and September 15, at 1 th. jom., pos. 246", dist. 79".

The period of revolution given by measures between

6q..
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Angle So ... Distance 24'5

„ 138 - .• 94
212 ... I,

22"0

August II and September 30 appears to be id. 6h. i8m.

I2S.

The Near Approach of Saturn and Mars,
November 3.—At the times of meridian transit at

Greenwich the position of Saturn with reference to Mars

near the conjunction of those bodies at the beginning of

the ensuing month will be

—

November 2

., 3

• > 4

It will be seen that on November 3, about 8 P.M., the

distance is about equal to the greatest elongation of the

Saturnian satellite Japetus, but the satellite is not on this

occasion in a position to be occulted by Mars.

New Comet.—A telescopic comet was discovered on

the evening of October 2, at Florence, by M. Tempel, to

whom we already owed the discovery of the remarkable

comet of January, 1866, which is found to be associated

with the November meteor- stream, and the comets of

short period of 1867 and 1S73. Its position at gh. is

stated to have been in R.A. 23h. 51m., N.P.D. 100° 19'.

It was observed by Prof. Winnecke at Strasburg on the

6th, and is described by him as pretty bright, about o'-4

in diameter with a star-like nucleus lo'iim., and a faint

tail 4' in length on an angle of 25°. The diurnal motion

appears to be about 3-5 minutes in R.A. diminishing, and

in N.P.D. about 64' increasing.

It may be noted that the position of this comet on

October 2 was not far from that which would be occupied

by the short-period comet of De Vico, due about this

time, if it had arrived at perihelion at the end of the first

week in September, but the observed direction of motion

of the new comet is contrary to that which De Vice's

must have under such condition, so that there can be no

suspicion of identity. Prof. Winnecke's observations on

October 6 give for the comet's apparent place at

ilh. 15m. ss. mean time at Strasburg, right ascension

23h. 36m. 2i'S9s., south declination 14° 36' 33"-o.

BIOLOGICAL NOTES
The Gombi Arrow Poison.—In a recent number of

the Bulletin Mcnsucldc la Sociitc a'Acdimatalion of Paris,

M. M. E. Hardy gives a detailed account of researches and

experiments on the active principle of the poison obtained

from the seeds of Stioplv.iiitJius hispidus. This plant,

which belongs to the poisonous order Apocynace;e, was

first observed by Houdetct, a French naturalist in Sene-

gambia, afterwards by Snieathmann near Sierra Leone,

by Baikie at Nupe, by Griffon du Bellay at Gaboon, and

by Gustav Mann in Western Tropical Africa. It is a

climber with a hollow cylindrical stem, and grows in the

forests, where it ascends to the summits of the highest

trees. The oblong, nearly sessile, opposite leaves are

from ten to twelve centimetres long by live wide, and are

covered with hairs, particularly on the under surface.

The yellow flowers are borne on terminal cymes. The fruit

is a cylindrical follicle somewhat thicker that the thumb,

and contains from 100 to 200 oval seeds. I!y meai's of a

fruit given them by the Paris Society, MM. Hardy and
Gallois have discovered that the active principle is not,

as was supposed, an alkaloid, and for it the name Strophan-

iine, given to it some years ago by Dr. Fraser, is retained.

Besides, they succeeded in isolating a substance presenting

the characters of an alkaloid, but which did not seem to

possess any marked physiological properties ; for this

they propose the name liuinc. The former is very

poisonous, a single crystal placed under the skin of a
frog's foot causing the cessation of the heart's action in a

few moments. Even after this has taken place the animal
still possesses the power of motion, and it is only after

respiration has become impossible, owing to the inter-

ruption of circulation in the nervous centres, that death
ensues from paralysis of the heart. These observations,
though yet incomplete, accord pretty well with facts

recorded by dilTerent authors, and seem to prove that

Strophantiiic is really the poisonous agent in Strophanthus
hispidus. The most elaborate experiments on the poison
found at the extremity of the arrows (used by the natives

both in war and in hunting) are those conducted by MM.
Carville and Polaillon in the laboratory of M. Vulpian.
They were made on various classes of animals and show
that the deadly action is much more rapid in mammals
and birds than in molluscs, crustaceans, and fishes. On
frogs under the influence of curare the poison acts much
more slowly, though the respective actions of the two
substances do not neutralise each other.

The Gelada —Several living specimens of this ex-

tremely rare Abyssinian monkey, first described by Dr.
Ruppell in 1S35, have quite recently reached this country
for the first time, and are being exhibited at the Alex-

andra Park. The exact affinities of the species have
never been fully determined, different biologists placing

it, some with the Macaques, others with the Baboons.
It is peculiar in that the male is covered with very
lengthy air, like that of the Wanderoo, whilst the female
is a much more ordinary-looking monkey. In the male,
also, there is a bare spot in shape like an inverted T,
upon the breast, which is of a bright-pink colour,

becoming red and expanded into an inverted heart-

shaped patch upon excitement. The tail is long and like

that of a lion, having a bushy tuft at the extremity. The
colour is a sooty dark-grey brown, verging upon black

;

the hands and feet are black ; the nails are powerful and
long. The size of the male is about that of a Chim-
panzee four years old. The eyes are close together, and
the snout prolonged. The living animal has a habit of

everting the whole upper lip when irritated, and thus

exposing its formidable array of teeth.

American Insectivora.—Precursory notes on Ame-
rican insectivorous mammals, with description of new
species, by Dr. Elliott Coues, have reached us. A new
sub-genus of Blarina is named Loriciscus. Sorex
sphagiiicola and .S. evolis are new species determined by
the author, whilst descriptions of .S'. pacificus, S. [Notio-

sorex) crawfofdi, and Blatiiia mexicana are given from
manuscripts of Prof. Baird.

Coagul.\tion of Blood.—We notice an interesting

paper by M. Fredericq, " On the Coagulation of the

Blood," in the seventh number of the Bulletin of the

Belgian Academy. The paper deals especially with

fibrinogen and its transformation into fibrine. The
author having discovered that fibrinogen coagulates at

56° C, /.(-., at a temperature far lower than the tempera-

ture of coagulation of other albuminoids of the blood,

this property of fibrinogen enabled him to study the

transformation of that body into fibrine, and to throw
some new light on the obscure problem of coagulation

of blood. The researches are to be continued.

Persian and Sardinian Opiliones.—A memoir by
Dr. Thorell, professor of Zoology at Upsala, has been
published at Genoa containing descriptions of certain

species of Opiliones from Persia and Sardinia preserved

in the museum at Genoa, together with diagnoses of

additional forms in the collection of the author, which
are interesting, either as being new to science, or as

having hitherto been imperfectly known. In order to

advance the study of the PJialangidca Dr. Thorell has
incorporated in this treatise a revision of the European
genera, thus rendering it invaluable to every arachnologist

who is desirous of studying the group.

The Daphniad.e.—Inthe Berichtc dcr Vcrliandlun(;cn

of the Freiburg Society of Naturalists Prof. Dr. Au^just
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Weismann, the eminent zoologist, and Herr August
Gruber publish an interestinfc article on their joint
researches with regard to Daphniada, a family of Ento-
mostraca. These investigations were principally confined
to the species Aloiiia, of which M. rectirostris has been
well known for a long time. Weismann now describes
two new varieties and names them M. brachiata and M.
paradora. Other researches relate to the male forms of
the species Macrothrix and Pasithea.

The Fishes of Lake Nicaragua.— Drs. Gill and
Bransford have recently investigated the fauna of this
lake and contributed a paper to the Philadelphia Academy
of Natural Sciences. The element of especial interest

is the association of characteristically marine forms with
fresh-water types. Thus, together with cichlids and
characinfe, none of which are marine, we have a species
of megalops, a shark, and a saw-fish. A similar combina-
tion occurs in the Philippines, where, in a fresh-water
lake, a saw-fish and a dog-fish are found. The megalops,
however, is not known elsewhere in fresh water so isolated
from the sea as Lake Nicaragua. These instances suggest
caution in generalising on physiographical conditions from
fossil remains. The most probable cause of such a com-
bination is the detention and survival of salt-water fishes

in inlets of the sea that have become isolated and
gradually transformed into fresh-water lakes.

SOLAR RADIATION AND SUN-SPOTS
In the year 1875 two articles by Mr. H. F. Blanford

on the connection between solar heat and sun-spots
appeared in the pages of Nature (vol. xii. pp. 147 and
18S), in which it was shown that Mr. Baxendell's con-
clusion that the sun's heat undergoes a periodical variation

coinciding directly with that of the spots, appeared to be
supported by the evidence of observations of the black-
bulb thermometer taken at certain stations in Bengal and
the neighbouring provinces. My attention has been
recalled to the subject by the almost complete failure of

the rainy monsoon this year in Upper India, and by the
excessively high temperature ever since the middle of

June, and I have been thereby led to attempt to discover
whether any evidence in favour of Mr. Baxendell's con-
clusion, or against it, is to be obtained from the registers

of meteorological stations in Upper India. I have there-

fore gone over the registers of certain stations in the
North-West Provinces and Oudh, where solar radiation

temperatures have been recorded since 1869, and at which
not more than one change of instrument occurred in the
interval 1869-1876. The inference I draw from these

records is exactly the opposite of Mr. Blanford's. They
do not afford any support to Mr. Baxendell's theory, but
the energy of solar radiation appears from them to be
most intense when the spots are fewest.

The reason of this discrepancy in the two sets of results

will probably be found in the diffeient modes of treat-

ment we have adopted in extracting from the registers

their evidence regarding this question. Mr. Blanford's

treatment of the Silchar register, the results of which are

given in his first paper, consisted in picking out certain
" clear days " on which the mean serenity at 10 A.M. and
4 P.M. was 6-ioths of the expanse, or more, tabulating the

maximum temperatures of solar radiation for all these

days in each month, and taking the average, neglecting

the months of the south-west monsoon which are almost
entirely wanting in clear days, as above defined. The
results of the examination of the Darjiling register,

given in the second paper, were obtained by deduct-

ing from the three highest recorded temperatures of

solar radiation in each half-month the corresponding
maximum temperatures in shade, tabulating these differ-

ences for each month, and takmg the average. Both
these devices, I think, introduce new elements of error,

probably as great as those they were intended to obviate
;

for, as Mr. Blanford himself points out, it constantly
happens that the solar radiation thermometer record's
much higher temperatures when the sky is partly covered
with broken cloud than when it is perfectly clear, the
reason being, doubtless, that the instrument is then
screened to a great extent from radiation into space,
while the sun comes out from time to time, and exerts his
full heating power upon it. I am therefore incUned to
think that the somev/hat higher radiation temperatures
recorded at the Bengal stations in 1870, 1S71, and 1872
were probably due to the larger number of partially
cloudy days in those years as compared with the years
immediately preceding and succeeding them.

In the clear atmosphere of Upper India the months
of March, April, May, October, and November are gene-
rally almost without a cloud, the mean serenity at stations
on the plains during those months being over 7-ioths.
There can, therefore be little error in taking the mean
excess of the maximum temperature of solar radiation
above the maximum in shade during those months in
each year, as the measure of the intensity of solar radia-
tion during the year ; for the two irregularities introduced
by occasional cloudy days, prevention of direct radiation
from the sun to the thermometer and prevention of radia-
tion from the latter into space, will to some extent
counterbalance each other.

The following table gives these yearly means for three
stations :—Chakrdta, lat. 30° 40' N., long 77° 55' E.,
elevation above sea-level, 7050 feet ; Roorkee, lat. 29° 52'

N., long. 77'' 56' E., elevation, 890 feet ; and Lucknow,
lat. 26° 50' N., long. 81° o' E., elevation 370 feet.

1869 1870 1S71 1872 1873 1874 1875 1876

Chakrata ... 607 572 627 612 630 dyi^ tyd 6^-6
Roorkee ... 51-9 390 41-5 474 540 522 51-6 55-9
Lucknow ... 44-5 43-5 472 47-6 470 47-6 49-1 54-2

Mean ... 52-4 466 50-5 52-1 547 55-1 56-1 582

It will be seen that the lowest of these numbers is that
corresponding to the year of sun-spot maximum, 1870,
and the highest is that for 1S76, a year of very few spots.

Unfortunately none of the thermometers in use at these
stations between 1869 and 1876 had been compared either
with a standard or with the others, and as the instruments
at some of the stations were in the meantime replaced,
these results are doubtful within the limits of the error of
such thermometers. This error probably never exceeds
5°, but the difference between the numbers for 1870 and
1876, given in the table, amounts, on the average, to 1 1-6°.

It is believed, too, that during the whole period, 1869-76,
the thermometer at Chakrata was never changed, and one
thermometer was in continuous use at Roorkee from 1872
to 1876. The differences in the table must therefore be
the effect either of a real variation in the sun's heat, or of
a greater degree of absorption than usual during the wet
and cloudy years, about the sun-spot minimum. Lest
they should be attributed to this latter cause, I have
examined the registers of the same three stations in much
the same way as Mr. Blanford did that of Silchar, and
find that owing to the proportion of cloud being so very
small, especially in October and November, the results
are very little changed. The monhs of the south-west
monsoon, June, July, August, and September, and those
of the winter rains, December, January, and February,
have been left out, and the only days counted during the
remaining months are those on which the cloud proportion
at four P.M., when the maximum thermometers were read,
did not exceed 2-ioths. The only exception to this rule
is the hill station Chakrata, where the cloud proportion
for the spring months had to be fixed at one-half. The
exact temperature of solar radiation thus determined
varies also in the way shown above, the only apparent
effect of the treatment being the introduction of slight
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irregulariiies for each station which almost disappear
when the mean of the three is taken.

1869 1870 1871 1872 1873 1874 1875 1876

Chakra'a ... 606 57 6 658 616 642 dyo 68°3 65°5
Roorkee ... 51-4 388 428 50Z 539 50-6 5tl 537
Lucknow ... 440 430 450 487 47-8 51 •! 498 53-6

Mean ... 52-0 465 51-2 535 553 562 56-4 576
Physicists appear to agree in the opinion that the tempe-
rature of parts of the solar atmosphere, as indicated by
the great outbursts of hydrogen and other well-known
phenomena, must be highest about the time of maximum
spot-area ; but I think the above figures will show that
the question whether the amount of radiation which
escapes into space is then at a maximum or not is still an
open one. It must, at least, be admitted that the relative

darkness of the spots is an indication of low temperature
and consequent absorption. The registers of the Indian
meteorological stations during the next ten years will

probably give the data for determining the question, all

the solar thermometers employed since the beginning of
the present year having been carefully compared by
exposing them side by side with an arbitrary standard
before they were issued to the stations. The readings of
one year will therefore be strictly comparable with those
of another, notwithstanding the fact that breakages
frequently occur.

It will probably be said that the very fact, now pretty
well established, that rainfall is greatest in maximum
sun-spot years argues increased evaporation and increased
solar radiation during those years. The stations whose
rainfall returns have been examined by Mr. Meldrum
and those others who have worked at the subject are,
however, not by any means unilormly distributed over
the earth. The great majority of them are situated within
or near the tropics, or in the maritime districts of tem-
perate regions, and their more abundant rainfall in

maximum sun-spot years might be easily explained by
the diminished carrying power of the winds at that epoch
of the solar cycle. Prof. Koppen has shown that the
periods of maximum and minimum terrestrial temperature
coincide approximately with the minima and maxima of
sun-spots, and that both the maximum and minimum
annual temperatures are reached somewhat so:ner in the
tropics than in the temperate zones. One would think,

therefore, that the great convection currents of the atmo-
sphere, depending on differences of temperature, would
be least powerful a little after tiie maximum of sun-spots
which is the period of heaviest tropical rainfall, and blow
most strongly after the sun-spot minimum, the period of
least rainfall in the tropics. The only data I know which
would enable one to form an estimate of the rainfall of a
large inland area in the temperate zone during a long
term of years, are embodied in a diagram of the fluctua-

tions of level of the North American lakes, given in a
paper by Mr. G. M. Dawson, in Nature, vol. ix. p. 506.

The diagram shows a remarkable coincidence between
the variaiions of the level of the lakes and those of the

sun-spot area, and the inference Mr. Dawson draws from
a comparison of the two curves appears to be that high
water in the lakes is the result of great solar activity when
the spot-area is large. Since the appearance of this

paper in 1874, it does not appear to have struck any of
the readers of Na'IURE that, in every instance except one,

high water in the lakes preceded the sun-spot maximum
by two or three years, and, in like manner, the lowest

level was reached several years before the sun-spot
minimum ; but a reference to the diagram will show that

such IS the case. It is evident, therefore, that high water
in the lakes cannot be a consequence of numerous sun-

spots, but it may be a commutative effect of greater eva-

poration than usual and greater carrying power in the

winds during the few years of high temperature succeeding
the sun-spot minimum.

I have not at hand any means of ascertaining the rela-
tive velocities of the wind at European stations during
the years about the maximum and minimum epochs of
the solar cycle, but the anemometer records of Indian
stations shows that the wind velocity varies directly with
the temperature. The following table gives the mean
velocity each year at five stations, as measured by a
Robinson's small anemometer. The figures represent
miles per diem :

—

Calcutta ...

Hazaribagh
Benares
Agra
Bareilly

1869 1870 1871 1872 1873 1874 187s J876

— — 122 125 133 140 120 133— — 128 140 157 :6o 172 188

79 58 54 68 74 93 116 128
121 180 100 94 86 97 102 103
124 114 89 64 67 72 75 —

If the yearly average for the first four stations be taken,
it will be seen that there is a regular increase in the
velocity of the wind from 1871, the probable year of
lowest terrestrial temperature, to 1876, which was probably
the hottest year of the period. It is, therefore, I think,
at least possible that the excess of tropical and oceanic
rainfall in maximum sun-spot years may be caused by
precipitation near the place of evaporation, owing to the
diminished force of the trade-v/inds and anti-trades at
those periods, and that if the winter rainfall of Europe
and America were examined, it might show an excess in
?ninimtim sun-spot years, derived from vapour brought
by an unusually strong upper current from regions of
great evaporation in the South Atlantic.

The registers of nearly twenty years show that
the winter rainfall of India, north of the tropic, is

probably subject to such a periodic variation, and if

this surmise be verified in the future it may prove
to be of the greatest economic importance. Last
cold weather these rains were unusually abundant,
and enabled the cultivators of Northern India to grow a
spring crop sufficient not only for their own wants, but
for export to Europe as well as to the famine-stricken
districts of Madras and Bombay. Both this year and
last the regular summer rains have been far below the
average, and almost any day since last June the vapour
that in an ordinary year would have come down to fertilise

the soil might have been seen passing overhead in the
form of light cirrus drifted by a strong south-west wind.
The moist easterly current from the Bay of Bengal, from
which a large proportion of the rainfall of the Gangetic
valley is generally derived, has this year scarcely pene-
trated as far west as Benares. The natural consequence
of this failure of the rains will be a famine in Northern
India, unless, next cold weather, we get the heavy rains

which the experience of past years leads us to expect.

A comparison of the mean temperature, vapour tension,

humidity, and rainfall for the month of July in the years

1875, 1S76, and 1877, shows that the extraordinary dry-

ness of the present year is the result not so much of the
absence of aqueous vapour from even the lowest stratum

of the atmosphere as of the abnormally high temperature
which prevents its precipitation. This will be seen from

the following table :

—

July, 1 875
,, 1876

„ 1877

81-4

85-4

903

•984

•897
862

Humidity. Rainfall.

per cent. inches.

.. 84 ... 26-33

.. 75 ... IOCS

.. 63 ... 2-23

The figures in the table are deduced from observations

taken at Allahabad four times daily, viz., at 10 and 4 A.M.

and P.M. The year 1875 was marked by unusually heavy

local rains in July which laid a great part of the surround-

ing district under water, so a comparison of 1876 and 1877

with 1S75 is hardly fair. The average rainfall of the

month is 14 65 inches. S. A. Hill.

Allahabad, August 29
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FER TILISA TION OF FLOWERS BY INSECTS '

XVII.

Abortion ofail tlie Stamens in a Flower in Four Successive

Periods

T N the theory of the development of the organic world
•* useless and aborted organs are always of especial

interest, as no other plausible explanation of them can be
given except that they are inherited from ancestors to

which, in other conditions of life, they were useful ; it

may therefore be worth referring to a flower in which, in

four successive periods, all stamens have been aborted,

and accordingly four different degrees of abortion are to

be distinguished. The species in which these flowers are

found. Salvia pratensis, is a very common one, but the

flowers alluded to either do not occur at all in the usual
habitats of this species, or have hitherto been over-

looked by most botanists. I found them during my last

excursions in the Alps in some valleys of Switzerland

Ficf.ua

^<
£iij:U1

. 116-129.

—

Salvia pratensis.^ Fig. 116 —Side view of a hermaphrodite fl

a female flower (si : i). Fig. 118 —Lower part of the two stara

side (7 : i). Fig. 119.—Front view of the same. FlG. 120 -

hidden behind the connective. Fir.. I2t.—Right stamen as si

the calyx and of the corolla having been removed (7 : i). Figs. 12.S-129

(Albula, Julia, Landwasser, and Landquart valley). In

these, and probably many other valleys of the Alps up to

1,200-1,400 metres above the sea-level, besides the usual

stems of Salvia pratensis with large hermaphrodite
flowers, other stems with smaller purely female flowers

are by no means rare. In these localities, consequently.

Fii)l20

Salvia pratensis is in the same state as Glechoma,'

Thymus, and some other Labiatae in all or most of their

» Continued from vol. xv. p. 475.
' In all fieu'es ^rt = calyx, cr(7 = corolla, «== nectary, «» = ovary, j =

ftyle, i/ = stigma, jr = ruoiments of the two aborted upper stamens, _/f =
filaments of the two lower stamens, ct = connective, « = upper anther-cell,

/ = lower anther-cell. / = point of union of the two metamorphosed lower

anther-cells, pi — point of the filament on which the connective rotates.

3 See Natukb, vol. viii., pp. 121, 143, 161.

r with the corolla partly removed (35 : i). Fic. 117 —Side view of

maphrodite flower viewed obliquely from the front and from the right

part of the le't stamen alone .seen on the inner side ; the filament being

[he outside (7 : i). Fig. 12a.—Side view ol a female flower, the half of

Gradations of abortion of the two last stamens (7:1).

habitats ; Salvia- pratensis is here, as Mr. Darwin
calls it, in his late work,' a gynodia;cious plant. In all

other gynodicecious LabiatEe two abortions of stamens
have occurred in two successive, periods ; in Salvia
pratensis, as I shall show, four.

I. The LabiatEe, as well as the Scrophulariaceje, have
apparently descended from plants with five stamens.

But as soon as the common ancestors of the Labiate

family adapted their flowers to cross-fertilisation by
bees in such a manner that their stigmas and anthers

must necessarily be touched by the backs of these visitors,

the uppermost of the five stamens stood in the way of

the style, which for the purpose of this cross-fertilisation

must stretch along the middle line of the upper side of

the corolla and bend one of its two stigmatic branches
downwards. Thus the uppermost stamen having become
not only useless, but even directly disadvantageous, was
doomed to abortion, and in the long time that has elapsed

since then, has been so completely eliminated by natural

selection, that not the smallest trace of it has reinained,

and only very exceptionally does it reappear by atavism.

In those Labiatje in which the adaptation described has
been perfected, the reappearance of the fifch stamen hap-

pens, indeed, so extremely rarely that I have only once had
the opportunity of seeing it, in a single flower of Lamium
album, in which the upper lip was wanting, and, instead

of it the fifth stamen was present. In the flowers of

Mentha, however, in which the peculiarities of the Labiatae

just-mentioned are much less developed, the fifth stamen,

as I am informed by Dr. E. Krause, of Berlin, reappears

more frequently.

' Oa the Dififerent Forms of Flowers in Plants of the Sa : Specie
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2. Whilst the flowers of Labiatae are generally adapted

to be fertilised only by bees of a certain size, smaller

ones entering the flowers without touching either the

stigma or the anthers ; in the genus Salvia, on the contrary,

larger and smaller bees have been equally engaged in

the service of intercrossing. This has been effected by
the foMowing modifications :—The stigma bends further

downwards, and the connective of each of the two lower

stamens has been transformed to an upright, two-armed
lever, which, at its two opposite ends, bears the two
anther-cells, and, by a slight pressure on either of them,
turns on the filament, so that any bee entering the flower

cannot but strike against the two lower anther-cells with
its head, cause the connective to rotate, and thus bring
the dehiscent surfaces of the upper anther-cells into close

contact with its back. In direct connection with this

transformation of the two lower stamens, the two upper
ones, which would hinder the rotation of the levers, have
aborted. But in contrast with the uppermost stamen,
which has become superfluous at a much earlier period
in the ancestors of the whole family Labiata;, and has
since completely disappeared, the two upper lateral

stamens, which have become useless not earlier than in

the ancestors of the genus Salvia, in all or most of the

species of Salvia still exist in the form of two little knobs
(x. Figs. 120-130).

3. By thetransformation just-mentioned of the two lower
stamens in the genus Salvia not only have the two upper
stamens become a hindrance, and thus been aborted, but
at the same time the lower anther- cells of the two lower
stamens have been alienated from their original function

Fig 123.
Fi<fl2i.

and engaged in a new service, by which a sterilisation and
metamorphosis of these has also been occasioned. Salvia

officinalis and prateiisis show us two steps of this further

modification. In .S'. officinalis^ the connective (r/. Fig.

130) is but moderately lengthened, the two lower anther-

cells, although reduced in size, still commonly produce

' The peculiarities of Salvia officittalis have been fully and excellently

described and explained by JDr. \Villiam Ogle. {Popular Science Revieiv,

July 1&69, p. 261-267.)

some pollen, but sometimes they are quite sterile ; they
are not yet grown together, but only adherent to each
other so as generally to move in company. In Salvia
pratensis, on the contrary, the two lower anther-cells are
not only always completely sterile, but also metamor-
phosed into two concave plates (/, Fig. 11 8- 120) firmly

grown together in front (at the point p. Fig. 11 8- 120), so
that they act as a simple plate, which, when pressed by
the head of a humble-bee, causes the two connectives

to rotate, and brings the pollen of the two upper anther-

cells into contact with the back of the visitor.

4. In the small female flowers of Salvia pratensis,

also, whatever may have been their origin," the last two

FifjJSS

JTOj,
igjsa

Fiff 12

anther-cells have become sterile, increased fertility of the
small-flowered plants probably also in this species, as in

other gynodicecious Labiatx," compensating for the de-

I I have attempted to give an explanation of the origin of the small-

flowered female form of the gynodicecious Labia'a; in Nature, vol. viii ,

P- 161. This explanation, however, is not in accordance with Mr. Darwin's
views published in his newest work, *'On the Different Forms of Flowers.''

^ As shown by Mr. Darwin, *'On the Different Forms of Flowers,"

pp. 299-309J
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crease in the size of the flowers and the loss of pollen. With
the loss of pollen the whole machinery of the two-armed
levers, which had been so gradually acquired and so

exactly brought the pollen on the back of the visiting

humble-bees, has become useless and begun to abort,

and, according to its new origin, this last abortion, as is

shown by Figs. 123-129, still offers various gradations
from the perfect mechanism to an insignificant little flap.

In this gradual succession of more and moie reduced
stamens of Salvia pratciisis, we find some forms (Figs.

125, 126) with a striking resemblance to the stamens of

Salvia officinalis (Fig. 130), and some of the steps which

Fitjiso

Fig. 130.

—

Salvia officinalis. Flower of Salvia officinalis bisected
longitudinally.

are run through by this process of abortion seem to be
quite analogous to those by which in former periods the
stamens of Salvia pratc^iisis have reached their astonish-

ing singularity.

Briefly, the original five stamens of the flower have
aborted at the following four successive periods :

—

1. The uppermost stamen, in the ancestors of the
family Labiats (complete disappearance).

2. The two upper lateral stamens, in the ancestors of
the genus Salvia (reduction to little knobs).

3. The two lower anther-cells of the two lower stamens,
beginning to abort in Salvia officinalis ; abortion and
metamorphosis perfected in .S". pratcnsis.

4. The two upper anther-cells of the two lower stamens,
in the small-flowered plants of S. pratcnsis (abortion of
the pollen perfected, abortion of the anther-cells and the
whole stamens beginning). Hermann Muller

Lippstadt

THE RESTORATION OF THE ANCIENT
SYSTEM OF TANK IRRIGATION IN CEYLON
A WORK apparently pregnant with the largest and

-^~*- most beneficent results to the native population of
Ceylon is in process of being carried out by the Colonial
Government of that island. More than a thousand years
ago a system of irrigation, the most complete and remark-
able that the world has ever seen was in successftil opera-
tion in the Low Country, and the object which the
Government has in view is to restore to something like

its pristine fertility a large proportion of the immense
tracts of land—many hundreds of thousands of acres in

e.xtent— that for want of water have fallen into a condition
of the most utter sterility. Sir Emerson Tennant, writing

twenty years ago on this subject, says, " The difficulties

attendant on any attempt to bring back cultivation by the
repair of the tanks are too apparent to escape notice.

The system to be restored was the growth of 1,000 years
of freedom, which a brief interval of anarchy sufficed to

destroy, and it would require the lapse of long periods to

reproduce the population and recreate the wealth in cattle

and manual labour essential to realise again the agricul-

tural prosperity which prevailed under the Smghalese
dynasties. But the experiment is worthy of the beneficent

rule of the British Crown under whose auspices the
ancient organisation may be restored amongst the native

Singhalese."

The origin of the system of irrigation spoken of dates
as' far back as the year 504 B.C., when, according to the

Singhalese Chronicle, Mahawanso, the first tank was
built in the neighbourhood of his new capital, Anuradha-
poora, by Panduwasa, the second of the Hindu Kings.

This was succeeded about seventy years later by two
others formed in the same neighbourhood. In the year
459 A.D. the Kalawewe Tank, the largest of all, was com-
pleted. The retaining bund of this immense sheet of
water is twelve miles long, and the circumference of the
lake which it formed was no less than forty miles, the
water being backed up for a distance of fifteen miles and
conducted from the tank by means of a conduit sixty
miles in length to the capital. Sir Emerson Tennant in
describing these remarkable reservoirs, says, " Excepting
the exaggerated dimensions of Lake Mceris in Central
Egypt, which is not an artificial lake, and the mysterious
basin of Al Aram in Arabia, no similar constructions
formed by any race whether ancient or modern e.xceed in

colossal magnitude the stupendous tanks of Ceylon." The
same author estimates that at the time of its greatest
prosperity the island contained a population of from
fifteen to twenty millions, nearly all of whom must have
derived their means of sustenance from irrigated lands.
At the present moment, after all the care bestowed
through three-quarters of a century by a paternal govern-
ment, the population only amounts to 2,400,000, whilst even
for this a large proportion of the food— 6,000,000 bushels
of rice annually among other things—has to be imported
from India, and the population itself must be considered
to have been somewhat unnaturally increased during the
last fifty years by the stimulus of European enterprise.
The mass of the people too have changed their place of
residence from the interior to the neighbourhood of the
sea-coast, where trading and fishing instead of rice-culti-

vation furnish them a livelihood. The vast areas which
formerly under the magic influence of a sufficient supply
of water and a hot sun, produced their two or three crops
of rice in a year are now absolutely deserted, frequently
not a single inhabitant surviving where once a thousand
found ample means of subsistence. The city of Anarad-
hapoora, if its ruins afford us any means of estimating
its magnitude, must have covered an immense area—no
less than from thirty to forty square miles, and the popu-
lation living on the spot and drawing its supplies of food
from the immediate neighbourhood must have been corre-
spondingly immense. Now it is a mere village in the
midst of vast heaps of ruins.

One of the most gigantic of these early irrigation works
is supposed to have been originated by IVIaha Sen about
the year 275 a.d., and, having been enlarged by Prakrama,
Bahul., who reigned in 1 153, to have received from him the
name of " The Sea of Prakrama." It consisted of a series
of lakes formed by an embankment twenty-four miles in
length and from forty to ninety feet high, by which the
water of a large river and many considerable streams was
hemmed in along the base of a range of hills and so
forced into the valleys that a series of lagoons or lakes
was formed extending for the above-mentioned distance
and frequently several miles in width. A canal five miles
in length conducted the waters of "the sea" to the Minery
Lake, another of the works of Maha Sen, to be mentioned
presently, and a further canal from Mmery led the waters
to the neighbourhood of Trincomalie, in all a distance of
fifty-seven miles. When it is remembered how sudden
and torrential the rains are in a country like Ceylon— the
writer has known 18 inches of rainfall in forty-eight hours
over a very large extent of country, and at one spot as
much as iS'9 inches in twenty-four hours,—we cannot
too much admire the vastness of such a work and the
skill which enabled the native engineers to use the
natural features of the country in such a manner that for

a distance of twenty-four miles a single embankment
sufficed not only to hem in the water for purposes of
irrigation but also to provide a vifater-way for the trans-

port of produce and merchandise. Along the whole
course of this embankment and canal and wherever its

tributaries carried the life-giving water there would be
without doubt a teeming population ; for irrigable land in
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Ceylon is capable of supporting, according to official

calculation, 1,000 persons to the square mile. In 1855
there was not a single inhabited village, although a few
patches of land were occasionally cultivated by people

from a distance. The contrast between the remote past

and the present condition of this half of the island is a
piinful one to contemplate, but it is to be hoped that the

Colonial Government will never stay its hand until all

the useful works of ancient times have been restored and
improved—but this will be a work of centuries.

Long before the Christian era the main ambition of the

kings of Ceylon appears to have manifested itself in the

formation of tanks, and many kings are mentioned in the

Mahawanso who, "for the benefit of the country," and "out
of compassion of living creatures," built a dozen or more
of these splendid, but absolutely necessary, irrigation works.

The Minery tank, some twenty miles in circumference,

and irrigating an enormous area of fertile land now
entirely barren, owed its origin, along with sixteen others,

to Maha Sen, who reigned about the year 250 A.D. It is

now merely a swamp, resorted to by enormous numbers
of wild fowl. Up to the twelfth and thirteenth centu/ies

Ceylon produced her own supplies of food, but in the
fourteenth it appears that the island was obliged to im-
port a poition of it from India. In 1301, it is related

that there were 1,470,000 villages in Ceylon. In 1410, as

many as 1.540,000, the term village implying hamlet, or
even a single house where there are people resident. Of
the vast majority of these, if they ever really existed, not
a vestige is left except the ruined tanks, which show
unmistakably where the foci of population formerly
were. This was shortly after the conquest of the island

by the Malabars, who are believed not to have actually

destroyed the fabric of the embinkments, but by their

system of government to have disorganised the village

communities to such an extent that the works connected
with the tanks fell into disrepair through neglect, the land
became imperfectly irrigated, and the population gradu-
ally died out. That this process was a perfectly natural

one seems evident from the fact that the tanks do not
show any traces of wilful damage, and also from the con-
sideration of the almost innumerable evils resulting in

death, of which a scarcity of water in a tropical country
like Ceylon is productive. Indeed one of the most
Irighful diseases that have ever scourged the human race
is believed to have been developed in these very localities

chiefly through the want of proper food, caused by the
absence of a system of irrigation. It is believed, too, and
there is strong evidence, based on experience, for the Ijelief

that the disease entirely disappears wherever irrigation is

restored. It will naturally be asked, " If the advantages
of a plentiful supply of water are so enormous, why have
not the tanks been restored before this, and what hinders
their immediate restoration at the present time?" The
reply is, that the creation of this magnificent system of

irrigation was not the work of a decade, or even of a cen-
tury, but of a thousand years of successful national
development, and that therefore the restoration of it must
be also a work of time.

The object of this paper is to araw attention to the fact

that the experiment of restoration is at the present mo-
ment in process of being tried, and bids fair, after the
lapse of half a century or so, to alter entirely the character
of the island. The most remarkable success has already
attended the efforts to afford irrigation facilities to the
Singhalese on the East Coast. Where but a few years ago
the natives where half-starved and the land apparently in a
hopeless condition, the re-introduction of irrigation through
the assistance of the Government, has transformed not
only the people, but the country, as if by magic. Rice-
fields, palms, and other fruit-trees abound, and the popu-
lation is increasing at a rapid rate. Of this particular
district the present Governor of Ceylon (Sir William
Gregory), reported some four years ago to the Legislative

Council of the island in the following terms :—'• In th;
month of April I visited the rice-growing regions of the
Eastern Province, which are the creation of the irrigation

works carried out by the Government. 1 never before
saw such an unbroken sheet of grain. Save where some
isolated trees, part of a recent forest broke the view, the

eye wandered over some 20,000 acres of green paddy. I

saw, wherever I went, a sleek, vigorous, well-fed, and
thoroughly healthy population. Up to 1864 the lands
tinder cultivation in this province were 54 000 acres,

t'le chief impetus to the irrigation scheme having
been given in 1857. In 1871 the lands in culti-

vation were 77,000 acres. The Crown lands to be
additionally reclaimed under works already completed or

in course of completion, amount to 15,900 acres, equal to

the support of 23,850 persons." Again, speaking in the
same report on the subject of the Great Tank already
mentioned, he says :

" I am most anxious to put the full

strength of the department at work in restoring irriga-

tion to Nuwara Kalawia. This magnificent district has
the strongest claims upon us. It was once the granary of

the island. It is now utterly neglected. It has a popula-
tion of 60,000 persons and over 1,600 villages, which have
each of them their tank. There are at least 1,700 of
these tanks, and I am credibly informed not one of them
has a sluice in order. I trust that a few years hence the

population may present the same vigorous and thriving

appearance as the population of the Eastern Province,

and from the same causes—namely, good and plentiful

food." Of this same district a gentleman of very great

experience told the writer that in travelling through it

many years ago he came to a village where, of the thirty

inhabitants, only one of them was able to carry water, all

the others having been stricken down by hunger or

disease. This destitution was caused by the failure of three

successive rice-crops, and was not specially exceptional,

but fairly representative of what takes place frequently

in the district. If we compare the scenes of plenty and
contentment as they exist in the Eastern Province at the

present moment with what meets us in the Wanni, or in

any of the northern districts, where tanks ha\ e not been
extensively repaired, the contrast is most striking. We
find an almost depopulated country, with here and there
a wretched village peopled by a few miserable and more
than half-starved inhabitants, who, in times of scarcity,

which are not infrequent, are obliged to live on roots and
wild herbs, who are periodically decimated by a frightful

disease, yet who seem bound to the spot where they were
born, and prefer to die there rather than move away to a
more fertile and healthy district. It is, indeed, this disin-

clination which possesses the agricultural Singhalese to

move more than aday'sjourney from his homethat presents
the greatest of all diiificulties to the scheme for the restora-

tion of the tanks. It is on this account that the process of

restoration is always in advance of the supply of natives

to take up the new land, unless the works happen to be
in the immediate neighbourhood of population. The
only plan, therefore, that has proved really successful

under present conditions is to restore the tanks in the
vicinity of villages, and induce the population to creep
slowly onwards step by step, cultivating the more fertile

pieces of ground as it advances, until the depopulated
districts shall have been partially reclaimed, when the
completion of the work will be a matter of comparative
ease. Two typical instances of this mode of procedure
have been mentioned to me by an official high in the
Government service, as showing the effect of a well-

regulated expenditure of labour and money in restoring

irrigation works. In the year 1S54 Mr. Bailey, whose
name will ever be associated with this scheme for bene-
fiting the natives, spent less than 100/ on a canal some
miles to the north of Matal^, a country town a few miles
north of Kandy. The village thus supplied with water
had previously dwindled away until only three houses
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were left, the rice-fields were deserted, and the famine-
stricken inhabitants declared that they would die where
their fathers had lived and died rather than migrate to a
part of the country that was unknown to them. Ten
years after the improvement was made the spot had
become a little oasis in the desert ; nearly 200 acres of

rice were under cultivation, yielding about thirty bushels
per acre, and supporting a population of several hundreds.'
Almost in the same neighbourhood a sum of between
200/. and 300/. was spent on an old canal fifteen miles in

length by the same zealous Government official already
mentioned. Many hundreds of acres were brought under
cultivation, and in ten years' time, instead of a starved
and fever-stricken population of 150 inhabitants, no less

than 500 able-bodied men were on the list as liable to the
road-tax. The changes in these, as in other instances,

took place as if by magic, yet the means employed
in effecting them were of the most limited and simple
nature. The secret of the success lay in the fact that a
famishing and disease-smitten population was within a few
miles of the spot, and the remnants of ancient engineering
skill were ready at hand to guide the labourers on to

certain success. Since the above tentative experiments
were made, very great changes for the better have taken
place in the condition of the agricultural part of the
native population. The carrying out of the scheme for

the restoration of irrigation works is recognised as one
of the chief duties of the Colonial Government, and
there is little danger that, after the real success which
has attended it so far, any future Government will allow
it to be interrupted. The policy of the Colonial authori-

ties may be summed up in the pregnant words of Sir

Wm. Gregory's address to the Legislative Council in

1S76 :
—

" I consider that at least 100 tanks should be
supplied with sluices, and properly repaired each year

;

and I have asked the Secretary of State to furnish me
with an additional number of well-trained officers, by
whom these works will be earned on with vigour. There
is no boon which the Government can confer on the vil-

lagers more legitimately than this. It is a reward for

their own exertions, and I am confident that each year,

as it becomes better understood, it will be more appre-
ciated, and that it will be recognised everywhere that the
Government have no other object in it than to increase
the comfort and resources of the people." It will appear,
from what has bsen quoted, that the tanks are not re-

paired free' of cost and then handed over gratuitously to

the villagers, but the natives are required to give a cer-

tain amount of labour in restoring the tanks, and also to

pay a small rent or tax on the land cultivated, so Ih.it,

whilst the native cultivator is the chief gainer by the

undertaking, the Government is no loser. If there could
have been a doubt as to the wisdom of the Tank Restora-

tion scheme, the experience of the last three years must
have dispelled it and proved how absolutely necessary a
system of irrigation is to the welfare of the natives. In

the address above quoted, whilst speaking of the cholera

and other diseases which had visited several of the pro-

vinces, the Governor says :— " It is remarkable that the

inhabitants of the Eastern Province enjoyed perfect im-

munity from epidemics of all kinds. It is an interesting

question, on which I do not give an opinion, whether

this general immunity from disease in the Eastern Pro-

vince is due to the abundant supply of food throughout

the populous part of it, the result of irrigation works."

At the same time he speaks of the restoration of two
of the large tanks as complete. One of these will

irrigate 23,000 acres, equal to supporting a population of

35,000 persons ; the other will bring large tracts of

magnificent land into cultivation, and dissipate the un-

healthiness of the district which has hitherto prevented

settlement.

* Irrigated rice-lands in the low country will support population at about
<he rate of j,ooo persons to the square mile.

To look back over the early history of the attempts
under Sir Henry Ward to restore the above system of
irrigation, is like reading the accounts of the commence-
ment of a successful campaign. The difficulties encoun-
tered were sufficient to discourage even enthusiastic
philanthropists, chief amongst them being the utter dis-

organisation of the village communities through the
abolition of compulsory labour and the rooted dislike of
the natives to migrate from one spot to another. For
the recent part of the evil caused by this disorganisation
the British Government was alone to blame, for in abo-
lishing Rajekaria they abolished the right of compelling
villagers to keep their tanks and watercourses in repair.

By doing this they practically placed the distribution of

the most valuable property of which the natives were
possessed in the hands of the strongest, and consequently
the most unscrupulous, inhabitants of each district. In
a dry season, when there was barely sufficient water to

irrigate the fields along the course of a canal, those who
who were nearest to the source of supply would probably
get more than their share, whilst those who were furthest
from it and had an equal claim on it might get none

;

but, generally, the strongest party would get the advan-
tage, to the ruin of the weaker. Dams would be built at

various points along the course of the stream by one
party, and as quickly destroyed by another. Intermin-
able feuds were the results, and appeals to the courts of

law, which, not being guided by native customs, only
made matters worse. The canal, too, which ought to

have been kept in proper repair by the united efforts cf
all who benefited by it, was alloA-ed to fall year by year
into a more ruinous condition, after compulsory assistance
had been abolished, the residents on the upper portion
of it refusing to aid those on the lower to repair the

breaches made by the annual lloods. Consequently the
work that was done was ill done, and only of a temporary
character. Soon it became beyond the power of isolated

communities to effect the necessary repairs ; the lands
fell out of cultivation, and the population, after a long
struggle with their neighbours, either died out or sought
a living elsewhere. The early legislation in 1856 was
based on a revival of the n.T.tive customs and a compul-
sory distribution of the necessary work among* 'h

different villages, a majority of two-thirds of the inna-

bitants being enabled to place the lands under the

Irrigation Ordinance, and to compel the assistance of

all who benefited by the supply of water. The scheme
resulted in complete success. It met the great wmt of

the natives and the interminable disputes about boun-
daries and lights of water, which was as much propeity

to the natives as the land itself, soon ceased. The
Government claimed its own and sold large portions of

it by auction at a very reasonable rate, the upset price

being generally i/. per acre, the land continuing 10 be
chargeable with a yearly tithe to the Government of from
3^. to 4^-. per acre. In special cases the Government
granted even easier terms in order to induce the natives

to settle in particular localities. Newly-purchased land

was allowed to be free from tithes for four years, and the

purchase-money was spread over an equal period from
the time of sale. The pecuniary result was most grati-

fying to the Government, and the benefit conferred on
the natives inestimable.

A few words will be sufficient to describe the character

of the cultivation which this system of irrigation is in-

tended to promote. A crop of rice, or paddy, as the

undressed grain is called, requires about ninety days to

come to perfection, and during this time it must be sup-

plied with about thirty inches in depth of water, or a little

over 4,000 cubic yards to the acre. The first and second
watering of the paddy takes place within a fortnight of

the sowing of the seed, and the water is only allowed to

remain on the land for a short time. The three sub-

sequent waterings take place about the twentieth, the
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fortieth, and the sixtieth days after sowing, from eight to

ten inches of water beinjj used each time, and the water

is allowed to remain on the land until it has evaporated.

This system, though more or less modified according to the

climate and the supply of water, is fairly representative of

rice-cultivation in the lowlands of Cc)lon. Th'- official

estimate of the produce is about thirty bushels per acre.

It is probable that exactly the same s\stem existed in the

very earliest times, and that the Singhalese engineers

were able to rrgulat. the flow of water through the tank

sluices just as they wished. It certainly seems unreason-

able to suppose that the men who could design such a

vast irrigation system with no better means of levelling

than that of leading water by actual experiment from one

point to another, should fail in minor matters such as

sluice-gates. Yet the writer believes that nothmg is

known as to the manner in which the flow of water was

regulated. It is true that m some of the sluices a square

masonry well is found leadmg upwards from the sluice

soon after it has entered the emb nikment from the tank,

but there is nothing left to show how it was used. Captain

Sim, R.E., some years ago suggested that it was intended

to break the force of the water rushing in flood-time to-

wards the sluice and reduce the velocity of the water in

the sluice to that due to the pressure in the well only. I

am however inclined to think that a frame of wood some-
what in the shape of a box strongly braced together was
fitted into the well so that it could rise and fall readily

under the influence of the water in the tank, and that by
placing weights on the top the frame might be forced

down so as to cut off either partially or wholly the water

issuing through the sluice. Wherever rocky foundations

could be found for a dam or a leilge of rocks for a spill-

water, the native engineers, as if distrusting artificial

constructions, woifld be sure to utilise them. In some
cases, where it was possible to include masses of rock in

the embankment, the sluices themselves would be cut out

of the solid gneiss and the work thereby rendered as

indestructible as the rock itself.

It will no doubt be somewhat surprising to persons who
are only acquainted with the system of rotation of crops in

vogue in Europe, that these rice-lands can be made to pro-

duce year by year for hundreds of years consecutively, one
or two crops of grain annually without the land becoming
exhausted or requiring to be continually renovated by
manure. The explanation, however, seems to be that

sufficient vegetable matter is carried down from the hills

partly in solution and partly in suspension in water to

supply all the waste produced by the continuous cropping.

Those who have visited the richest alluvial valleys of
California and Australia wdl no doubt have been struck by
the fact that the most fer;ile soil is always found where the
alluvium has been deposited in extremely fine particles and
in water practically at rest, conditions which obtain in the
paddy fields of Ceylon, and must have obtained formerly
on the Hunter River in New South Wales, and in the

valleys opening on the Bay of San Francisco.

I cannot better conclude this paper than with an ex-

tract from a minute by Sir Henry Ward, after a tour of

inspection in 1859 :

—

" The village of Samantorre is a very fine one, and
stands on the borders of the richest plain in Ceylon, con-
taining, as it does, nearly 15,000 acres of paddy. Mr.
Birch and Mr. Gumming informed me that the scene of
joy and excitement exhibited by the whole population
when the water first came down Irom the Ericammam, in

July, 1858, and saved a magnificent crop from destruc-
tion by drought, was one of the most striking things ever
witnessed. Hundreds of people had collected at Saman-
torre as soon as they knew that the sluices were to be
opened ; and when the water was actually seen ad-
vancing down the bed of the dried-up river, the shouts,
the firing of guns, the screams of the women, the darting
off of messengers bearing the news in every direction,

made a deep impression on all who saw it. They felt

that a great work had been done, a great benefit conferred.

But 1 feel also that under British rule this benefit ought
to have been conferred thirty years ago upon a people so

capable of appreciating it. Indeed, knowing what I now
know of the history of the Eastern Province, 1 hold that

what the Government is doing in 1859 is simply the pay-

ment of a debt incurred by our rash interference with a
people of whose habits and wants we knew nothing.

This error is now in part repaired. 44 000 acres ol land

arc already under paddy cultivation, and I see reason to

believe that the amount will be not less than 60000
acres in 1861, when the irrigation works have obtained
their full development. But this will require constant

attention on the part of the Government and of its local

representative. The maintenance of the system must
never be lost sight of, and should unforeseen demands for

assistance aiise they must be met liberally and promptly."

The words of so successful a governor have not been
forgotten. The present governor, Sir William Gregory,

has devoted all his energies to the carrying out of what
was so well begun. The survey and engineering staff of

the colony has been considerably increased, and the

restoration of nearly the whole of the ancient irrigation

works, besides the creation of new ones, may now be
considered to be only a question of time.

R. Abbay

NOTES
The Times devoted a leading article last Thursday to Mr.

Forster's remarkable speech at Bradford, in which he attempted

to indicate the latest ideal of what elementary schools and univer-

sities ought to be. The Tinii-s" summary of the points of Mr.

Forster's address is very satisfactory. "Mr. Forster's notion of

a public elementary school is very unlike that which has been

commonly entertained. The school is to be for the benefit of all

classes. All subjects are to be taught at it, with no other limita-

tion than such as maybe )m[.osed by the wants or capacity of

the scholars. The secondary school is to supplement the teach-

ing of the primary school, and to do for b )ys of a more advanced

age the same sort of work which the primary school has done for

them up to the age of thirteen or fourteen. That science should

be introduced as a regular part of the school course is, in Mr.

Forster's opinion, most desirable. History and geography he

considers, indeed, as of even greater importance than science,

bu he places the claims of science above those of grammar, and

seemingly above those of the study of language in any form. He
is very hopeful that the older universities will consent to model

themselves on the plan he suggests, and to grant degrees for

science without insisting on Greek and Latin in addition to it.

If they will not do this, or if they are very long about it, he will

look to younger bodies, untrammelled with literary traditions, to

take their place in this matter. What Oxford and Cambridge

may refuse, Manchester and Leeds will make no difficulty in

granting, and a combined university for the North of England is

to be set up accordingly and invested with the necessary powers."

The Ti>i:es does not seem to know very well its own mind on the

subject referred to by Mr. Forster. It clings to the old ways,

and virtually confesses that the new ways are as indispensable as

the old, that some knowledge of science is now indispensable to

all. Mr. Forster declares we hive no right to erect Board

Schools and compel children to attend them, only to give them

a smattering of the three R's. The purpose of these schools

—

which he, with many others, thinks ought to be open to all

classes, and afford an elementary education which would be con-

sidered adequate by any class— is to fit the children who attend

them to make a fair start in life, and in this scientific age, as

the Times virtually admits, no one can be said to have a fair start

if he be ignorant of at least some of the rtSults of science. Mr.
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Forster rightly believes that science affords at least as good a

mental discipline as the study of languages as the latter is carried

on at our schools and universities ; and indeed, there need be no

dispute on the matter as there now exists abundance of material

for comparing the mental power of the scientific man with that

of the pure literary man. We need scarcely repeat the argument

that to omit science from education either in the school or uni-

versity, is to leave at least one half of the mind untrained, and that

too in more respects than one, the most important half. In the

issue of the Times that contains the leader referred to, it is re-

ported that the School Board for London is to move Government

to establish one or more secondary schools in each School Board

district, to which such children may be transferred us prove an

aptitude for carrying their studies further. Thus so experienced

a body as the London School Board are driven to the conclusion

that elementary education as at present conducted is an inadequate

provision for the wants of our youth. It is simply a question of

time, and a very short time too, the introduction of science into

Echools of all grades. The old universities have been driven to

it, and even Mr. Forster is struck with their modern liberality.

The French Geological Society has appointed a large com-

mittee of organisation in connection with the International

Geological Congress to be held in Paris in 1S7S, the plan

of which we described in vol. xv. p. S7. The president

of the committee is Prof. Ed. Hebert, and the secretary

Dr. Jannettaz. We trust that English geology will be well

represented at this congress. At the recent meeting of the

American Association Prof. Sterry Hunt presented the report of

the general committee of the proposed congress. A circular in

English, French, and German, had been sent by the secretary to

the principal scientific societies and academies, as well as to the

workers in geology throughout the world. The response to thts

invitation has been most gratifying. The Geological Society of

Fiance has formally recognised the great importance of the

objects proposed, and promised its hearty co-operation. .Spanish

and Italian geologists have translated and published the circular

in their respective languages, and have communicated to the

secretary their strong approval of the plan. The Geological

Society of London and the Geological Survey of Great Britain

have also formally signified their approval of the objects, and

the co-operation of Norway, Sweden, Russia, and Austro-

Hungary is promised. It is to be regretted that Germany has

declined to take a part in the International Exhibition of 1S78,

but it is hoped that this will not prevent her geologists from

joining in the proposed congress. The director of the Geological

Survey of Japan promises to take a part in the work, and the

same assurance comes from Brazil, where the circular has been

translated into Portuguese. Chili and Mexico have also re-

sponded, and promise an ample representation of their geology

at Paris next year ; while Canada, both through her Geological

Survey and in the person of Dr. Dawson, will probably be

represented. The Government of the United States has as yet

failed to accept the invitation of France to take part in the

Exhibition of 1S78, so that American geologists are not certain

that they will be able to participate in the International

Geological Exhibition. In any event it is probable that several

members of the American committee will be present at the pro-

posed Geological Congress. It is recommended by the Standing

Committee of the Association that in addition to the names of

Prof. J. P. Ltsley, of Philadelphia, and Prof. A. C. Ramsey,

Director of the Geological Survey of Great Britain, already

added to the International Committee, the presidents for the

time being of the Geological Societies of France, of London,

Edinburgh, and Dublin, of Berlin, of Belgium, Italy, Spain,

and Portugal, and of the Imperial Geological Institute of Vienna,

be invited to form part of the committee.

The subscription list for the Liebig Memorials is now closed.

For that at Munich, 5.750/. has been subscribed, and for that

at Giessen, 1,200/.

Dr. Hermann Karsten, Professor of Mathematics and
Mineralogy in the University of Rostock, died on August 26.

It may interest mathematical readers to know that the lecture

given by Prof. Voss, of Darmstadt, on the occasion of the Gauss

centenary, has been published by Bergstraesser of Darmstadt.

Dr. Werner Siemens has contributed to the National

ZdliDigsome very interesting notes on the history of the torpedo.

Dr. Siemens maintains that the first idea of protecting navigable

waters by means of sinking mines is due to C. Ilemly, Professor

of Chemistry at Kiel, along with whom he laid the first sub-

marine mines in Kiel Bay, during the Schleswig-Holstein war.

The service of Prof. Jacobi, of St. Petersburg, who was not

aware of the earlier works at Kiel, consisted in the introduction

of contact-torpedoes, and the application of the name torpedo to

submarine mines.

M. Faye, who is a candidate for the post vacant by the death

of M. Leverrier, is a Government candidate at the present

election.

Preparations are being actively made for Prof. Nordens-

kjold's voyage along the north coast of Europe and Asia, and out

by Behring's Straits, which even^in summer are by no means free

ol drift ice. Already a steamer, the I'e^n, has been purchased

for the expedition. The greater part of the cost of the under-

taking will be defrayed by Mr. Dickson of Gothenburg, King

Oscar of Sweden being also a contributor to a considerable

amount.

A Paris telegram states that Capt. Wiggins's vessel, the

Thames, after wintering at Jenissei, grounded at the mouth of

the river on starting, and has not yet been floated, though its

cargo was thrown overboard, including, it is feared, the collec-

tion of Mr. Seebohm, the English naturalist, who was a

passenger.

It is stated that it is the intention of Sir Allen Young to have

the Patuiora refitted, with a view to another start for the Arctic

regions next spring. Sir Allen will most probably try the Spitz-

bergen route in preference to Smith's Sound. Should Sir Allen

decide on carrying out his views, the Pandora will be fitted with

a hurricane deck over her spar deck, and undergo a variety of

alterations which the great experience of her owner has shown

to be necessary.

Mr. Barclay, a naval officer recently arrived in South

Australia, has been engaged to take charge of a party about to

explore the country from Alice Springs, on the telegraph line,

towards Queensland.

On October 2nd, the Annual Conversazione of the Chester

Society of Natural Science was held in the Town Hall of that

city. The objects exhibited were of great interest, illustrating

the work of the members in examining the natural history,

geology, and botany of the Society's district, and were well

appreciated by a very numerous gathering. During the evening

a bust, executed by Mr. Belt, of the late Canon Kingsley, was

unveiled by the Dean, who announced the conditions under

which a "Kingsley Memorial" prize and medal are offered

annually to residents in the Society's district for research into the

botany, geology, and natural history of the area in question,

these subjects being taken in rotation. There can be no doubt

a stimulus will be given by these prizes to original and local

research, which will be the means of not only increasing the

taste for natural science in the district, but of yielding results of

real scientific value.

The observatory on the Pic du Midi, France, has been con-

nected with Bagneres by an electric telegraph, and Gen.
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Nansouty has resumed his former post with the power of sending

warnings to the lowlands. The telegraphic line from Bagncres

to the Pic is 28,000 metres long; the altitude of the Pic is

2,866 metres, and of Bagneres about 550 ; consequently, the

difference of altitude exceeds 2,300 metres. The laying of the

telegraph was a very difficult operation, and a portion of the

wire has been placed underground. A number of lightning-

conductors have been established for protection, and the

extremity of the line has been immersed in the lake of Oncet at

a small distance from the final slope. Warnings and regular

observations will not be sent to the international head office at

the observatorj", until a final decision has been made as to

Leverrier's successor and the organisation of French meteorology.

Great efforts are being made by the Meteorological Society to

establish a special meteorological office.

Bunsen's " Gasometrische Methoden " have appeared in a

second revised and enlarged edition.

There was a severe earthquake shock at Geneva on Monday

morning. Clocks were stopped, bells were rung, buildings

cracked, and the English and Russian churches were rather

shaken. No great damage was done, The shock extended to

Berne, Mulhouse, and Malesina in North Italy.

The meeting of the Sanitary Congress at Leamington last

week was decidedly successful so far as the value and appropriate-

ness of the papers read are concerned, and we hope that sub-

stantial practical results will soon follow. A very interesting

paper was read by Surgeon-Major De Chaumont on the effects

of climate upon health. His conclusions were :—(l) That with

proper hygienic precautions there is hardly a place on the earth

wliere man may not enjoy good health, and that where this is

not found possible it is from the existence of malaria
; (2) that,

admitting this much, there are, however, still differences existing

which render residence in certain climates more desirable than in

others, as most conducing to the fullest health and vigour ; (3)

that the possibility of acclimatisation has been greatly exaggerated,

but that there still remains a residuum of truth in the idea ; (4)

that there is still a certain importance to be attached to the

climatic treatment of disease, although the particular factor or

factors that produce the influence are still involved in much

obscurity.

The Prefect of the Seine has issued a decree forbidding bakers

and pastrycooks to burn in their ovens wood which had been

painted or impregnated with any metallic salt. This measure has

been taken in conformity with the advice of the Council of

Hygiene, which is said to be giving other signs of its renewed

'ife and activity.

M. Gaston Tissandier and his brother have made an ascent

from Giffard's aeronautical gas-works, for the purpose of collecting

the dust floating in the atmosphere. The method [employed has

been to condense the moisture of the air and analyse the water

and ice thus obtained with a microscope.

The English price of the International RrAtw has been

reduced from \s. dd. to half-a-crown. This is presumably done

to bring it on a level with the Contemporary and Nineteenth

Century in price as well as in general aim.

The Gentleman's Magazine for October contains an account,

with a map, of the missionary colony, Livingstonia, on Lake

Nyassa, by Mr. F. A. Edwards.

The members of the Woolhope Club, struck with the absence

of any good illustrated English work on the apple and pear,

have decided to publish a " Pomona," in which a carefully-

coloured Illustration will be given of all the best varieties of

apples and pears grown in Herefordshire—and therefore in

England—so as to call the special attention of all fruit-growers

to those varieties which are most worthy of cultivation. Every

apple or pear described will ihave its outline and coloured repre-

sentation, whilst the descriptive letterpress and general produc-

tion of the work will be under the supervision of Robert Hogg,
LL.D., F.L.S., &c., &c. The Woolhope Club proposes to

publish the "Herefordshire Pomona " in annual parts, of full

quarto size, one at the close of each year. Each part will consis

of six or more coloured plates, according to the amount of annua

subscriptions received. The Club guarantees the publication of

the first part at the close of the present year, 1877, and it will

contain an introductory paper on " The Early History of the

Apple and Pear," and also one on the " Life of Thomas Andrew
Knight," president of the Royal Horticultural Society, "and
his Work in the Orchard."

In a new form of the Sprengel air-pump described in a paper

at the British Association by C. II. Stearn and J. W. Swan, the

mercury reservoirs at the top and bottom of the pump are closed

so that the external atmosphere exerts no pressure on the surface

of the mercury contained within them. In consequence of this

the fall-tube may be much shortened while the efficiency of the

instrument is retained. At the commencement of the exhaustion

of a receiver the mercury supply reservoir is filled to the top and

closed by a stopper ; a small exhausting syringe attached to the

reservoir at the bottom of the fall-tube is then set in action,

which removes a considerable portion of the air from the receiver

to be exhausted, and also very much reduces the pressure on the

mercury in the lower reservoir ; tiie flow of mercuiy through the

pump rapidly completes the exh,iustion. A small vacuum tube

with aluminium wires a quarter of an inch apart was exhausted

in twelve minutes to such an extent that an induction coil giving

sparks half an inch long in air failed to produce the faintest

luminosity, the fall-tube of the pump being only nine or ten

inches long.

At one of this year's meetings of the Dresden Naturalists'

Society " Isis," Herr Schuster read an interesting extract from a

chronicle of the town of Meissen, dating from the year 1590, and

written by Peter Albinus, in which the mines in the environs of

Meissen are described. Amongst the natural products of the dis-

trict the author mentions the numerous vases and urns which were

frequently excavated, and were superstitiously believed to have

grown in the ground. People at that time believed them to be

inhabited by dwarfs, and that when winter approached they

sank down deeper into the earth ; while in spring, and par-

ticularly in May, they again rose to the surface, and thus formed

a flit little cone above themselves. Although Albinus himself

thinks this belief rather too coarse, and ventures his opinion that

the objects in question are artificial—thus showing that already

three hundred years ago the interest in these remains of pre-

historic times was a vivid one— it is to be regretted that the super-

stition we have mentioned has even up to this day not yet died

out entirely, since a great part of the uneducated masses in

Saxony are still of the same opinion with regard to the vases

and urns.

At another meeting of the same society some interesting

statistical data were given showing the total quantities of the

various products obtained from a single Saxon mine, the Him-

melfahrt Fundgnibe, near Freiberg, since its opening in the

year 1524. This mine up to the end of 1875 had yielded about

535 tons of silver, 54,125 tons of lead, 1,785 tons of copper,

13,585 tons of sulphur, 2,175 '°"5 of arsenic, and nearly the

same quantity of zinc.

A third note of interest read at a meeting of the same

society was by Herr L. H. Zeitteles, and treated of the prehis-
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torical ancestois of our common house dog. The author, wlio

studied the subject for eleven years, arrived at the conclusion that

neither wolves nor foxes had any part in the phylogeny ol the

dog, but that jackals and the so-called Indian wolf. Cants

paUipts, Sykes, were the original ancestors of Canis/amiliaris.

The first volume of the Annals o{\\i^ Royal Belgian Museum
of Natural History contains the first part of Van Beneden's work,

" Description des Ossenients fossiles des environs d'Anvers,"

which deals with the Pinnipeds, and is illustrated by fourteen

engraved plates.

The additions to the Zoological Society's Gardens during the

past week include a Grivet Monkey (Cercopithecus gi-iseo-iiridis)

from West Africa, presented by Mr. R. Dudgeon ; a Lion (Fdis

ko) from Persia, presented by Mr. F. Pollock ; a Common Seal

{Phoca zilulina) from the British seas, presented by Mr. G,

Mellin ; a Great Kangaroj [Macropus gigantais) from New
South Wales, presented by Mr. T. Phillips ; a Collared Peccary

(Dicotyles lajafii) from South America, presented by Mrs. E. J.

Barrett ; two Emus {Divm.ctis nin;c-hoUandiu:) from Australia, pre-

sented by Lord Francis Conyngham, M. P. , F. Z. S. ; two Peregrine

Falcons {Falco pcrigrinns), European, presented by Mr. Darill

Stephens; a Black-headed Partridge (Caccabis tnelanocephahi)

from Hedgar, a H)acinthine Porphyris (Porphyria hyacinthinus')

from Mesopotamia, presented by Capt. Burke, S. S. Arcot ; a

Vervet Monkey [Cercopithecus lalandii) from South Africa,

an Arabian Gazelle {Gazella arabica) from Arabia, deposited.

AMERICAN SCIENCE

TN the last number of the Anwricajt Journal Mr. Charles
Wachsmuth continues his notes on the internal and external

structure of pateozoic corals, and discusses the construction of

the summit and its value in classification. lie believes that

while the construction of the ventral disc or actinal side of the

calyx has not received the attention it deserves, it affords a clear

and important distinction between recent and ancient crinoids.

Commenting on Rcemer's classification of "the true crinoids

which are supported by an articulated or jointed column " given
in LcOuca geognostica, 1855, Mr. Wachsmuth says he expects from a
dissection of Synbathocrinus that in other of the Cupressocrinid.c
the central opening was closed, and that the consolidating

plates were fuither overlaid with plates forming the floor of a
passage in connection with the arm furrows and visceral cavity.

In speaking of the Cyathocrinida; he refers to the covering of

Cyathocrinus, as throwing light on the summit structure of other

genera, and remarks : "It is worthy of note that the Cyatho-
crinidce, in the structure of their vaulf, bear closer resemblance
to the recent crinoids than almost any other group, and seem to

hold an intermediate position between modern and paloeozoic

types. The Cupressocrinidre and Cyathocrinidx" thus fall

naturally into a group by themselves, having the vault sup-

ported by consolidating plates and covered by an immovable
arch of small plates." In the Taxocrinida: Mr. Wachsmuth
has found that there are solid plates, though they have been
before described as covered by some soft material. Among
the spheroidcc, which range from the silurian to the subcarbo-
niferous, the summit is found well preserved in most genera.
Besides details of obsevations some generalisations are added.
" Closely related as the recent crinoids are to their pakcozoic
ancestors in some points, the solid vault of the latter cannot in

the remotest degree be hornologised with the soft peristome of the
former." Many facts tend to prove that the palaeozoic crinoids

embracing therein all true crinoids in which the actinal side is

closed, represent the young stage of growth of living types.

They form a distinct group of crinoids, and it is proposed to call

these paleocrinoidea;.

Prof. Draper advocates the use of the cylinders of zirconia for the
oxyhydrogen light in such cases as the employment of the micro-
scope to throw objects on a screen for lecture demons' rations. A
high brilliancy with the least variabihty in the light, and a fixity of
its position in the optical axis of the apparatus, are needed for

success. Prof. Draper gives his reasons for believing that the

oxy-zirconium light fulfils all requirements better than any other

known light. " It has the intrinsic brilliancy, the invariable

brilliancy, the fixity of position In the optical axis of the appa-
ratus, and it does not volatilise under the heat employed. The
condensing lenses remain free from deposit, and after the light

is once adjusted the experimenter can carry on his demonstra-
tions without the distraction of his attention that attends the use

of the other lights." He gives direction for the preparation of
zirconium oxide, and for- the preparation of the cylinders.

Mrs. M. S. Cheney and Mrs. Ellen S. Richards, dating from
the women's laboratory, Massachusetts Institute, describe a new
and ready method for the estimation]of nickel in pyrrohotites and
mattes.

Prof. J. D. Dana is publishing his conclusions as to the rela-

tions of Vermont and Berkshire geology, and Ed. S. Dana has
recently described garnets from the trap of New Haven.

Mr. G. B. Grinnell, who has devoted attention to the annelids

of the Cincinnati group, describes a new genus from the Lower
Silurian. They have hitherto been inferred from their trails, and
the hard chitinous ])arts now found do not seem to belong to

any recognised genus.

Mr. Joseph Le Conte, criticising Dr. Hermann's paper on
" The Passage of Luminous Pencils obliquely through Lenses
and on a Related Property of the CrystaUine Lens of the Human
Eye," points out that the periscopic structure of the lens is

useless, because periscope perception of the retina is wanting. It

must be regarded as an example of a structure which has outlived

its usefulness.

Prof. O. C. Marsh (in the Appendix to the September
number of the American Journal) describes new fossil mammals,
birds,' reptiles, and fishes, from the Rocky Mountain region.

Among the mammals are two miocene edentates, the first de-

tected in the countr)', and a third species from the lower pliocene.

The names of the new species are Moropus distans, Moropus
senex, Moropus datus, Amynodon (gen.), Tapiraviis rarus. Bison
Jerox, Allomys nilens, Gracnlavns lentiis (a bird the size of a
duck), Diplosaurtis fclix, Crocodilus Solaris, Nanosaurus agilis

(a dinosaur no larger than a cat), Nanosaurus victor, Apalodon
minis, Hfliobattis radians.

We have already referred to an important exploration of the
natural history and ethnology of the West Indies, now in course
of prosecution by Frederick A. Ober, under the auspices of the

Smithsonian Institution. Some interesting collections of speci-

mens have already been received at Washington from Mr. Ober,
embracing particularly a series of the birds of the island of
Dominica, including several species new to science, and others

of excessive rarity. Among the latter is a huge parrot, one of

the largest of its genus. The latest advices from Mr. Ober are

dated Antigua, August 6. He was then about proceeding to St.

Kitts, and thence through the chain of English islands to

Granada, including the Dutch islands of Saba and Eustatius.

The region to be explored by him extends over six degrees
of latitude, and will occupy him at least two years. Not
the least important results of Mr. Cher's work have been
the studies made during a long residence among the Carib tribe

of Dominica. He has been able to secure numerous photographs
of this little-known people, and many illustrations of their

manners and customs, all of which will be hereafter the subject

of a popular article for some one of our leading journals.

The Kansas University scientific expedition of 1877 has foimd
a number of a very rare species of beetle of the genus Ambly-
chila, the acquisition of which has long been an object by
collectors of coleoptera. For the purpose of securing funds to

defray the expenses of their explorations, the authorities of the
university offer specimens for sale at a moderate price.

A precious limestone has been found at Tehachepa, Kern
County, California, which is said to be identical with the
" giallo antico " (ancient yellow) marble of Italy. The latter is

highly prized by antiquarians, as the location of the quarry from
which it was procured has been unknown for several centuries.
The California stone is described as white with' amber-coloured
veins. A specimen has been presented to the State Geological
Society,

Mr. Edward Bicknell, a gentleman well known among
American microscopists, died on March 19, at Lynn, Massa-
chusetts, at the age of forty-seven. Originally a resident of
Salem, he joined the scientific corps of workers at tlie Museum
of Comparative Zoology in Cambridge, with which he was
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connected until the death of Prof. Agassiz. His sections of

shells and rocks were of extraordinary beauty, and he was also

specially skilled in the preparation of injected objects.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Oxford.—The Oxford University Commissioners will sit for

a fortnight at Oxford, from the 22nd of this month. They will

occupy rooms at the Clarendon Hotel, the University being

unable to place sufficient accommodation at their disposal. It is

understood that evidence will be received during this sitting as

to the requirements of the University. The Acaitmiy states that

it is rumoured that the Oxford University Commissioners propose

to devote the first year to taking evidence ; they will then lay

down principles, and, lastly, will receive and adjudicate upon the

schemes of the various colleges.

Camuridge.—Mr. William James Sell, B.A., Scholar of

Christ's College, has been appointed joint demonstrator of

Chemistry in the University in conjunction with Mr. Hicks.

Mr. J. Aiken, of Liverpool, who a few years ago gave a dona-

tion of 1,000/. to the Association for the Higher Education of

Women at Cambridge, has signified his intention of placing at the

disposal of the .\ssociation an exhibition of 30/. for two years.

Man'CHESTER.—The session of the Owens College was opened
on Tuesday, the 2nd inst. , with an introductory address by Prof.

Williamson, F.R.S., on the present aspect of the evolution

theory. So far as can yet be judged the attendance of students

promises to be very good during the session.

Ireland.—The thirteenth annual meeting of the Convocation

of the Queen's University in Ireland was held on October 5 in

Dublin Castle, under the presidency of Sir Dominic Corrigan,

Vice- Chancellor. The annual report referred to the great necessity

that now was manifested for the supply of central buildings for

the University in the Irish metropolis. The report was unani-

mously adopted, and it was urged by the speakers that a repre-

sentation should be made to the Government for a grant in aid

of the erection of necessary buildings. A motion in favour of the

admission of women as medical students to the colleges of the

University was lost.

Glasgow.—It is stated that Dr. Cleland, of Galway, has been
appointed to the Chair of Anatomy in Glasgow University,

recently vacated by Dr. Allen Thomson.
Mr. A. Orr Ewing, M.P. for Dumbartonshire, has announced

his attention of founding, in connection with the Glasgow Uni-
versity, four bursaries of 25/. per annum each, tenable for four

years. Mr. Orr Ewing expressly declares this to be an experi-

ment to test the working and results of the bursary system before

resolving upon a permanent endowment. To this end he has
decided to place the sum of 1,600/., payable in seven annual
instalments, at the disposal of tjie Senatus.

SOCIETIES AND ACADEMIES
Paris

Academy of Sciences, October i.—M. Peligot in the chair.

—The following papers were read :—On the order of appearance
of the first vessels in the shoots of Lysimachia and of Ruta, by
M. Trecul.—Reply to M. Angot's last note en the system of

winds in the region of the Algerian chotts, by M. Roudaire.

—

Boric acid ; methods of investigation ; origin and mode of for-

mation, by M. Dieulafait. Inter alia, he considers (in oppo-
sition to some high authorities) that the boric acid and accom-
panying substances in the lagoni of Tuscany and in analogous
beds, are (with exception of the carbonic acid) products exclu-

sively sedimentary, their mode of formation being fully explained
from a study of the mother-waters of salt-marshes. It is un-
necessary to call in any volcanic action. Boric acid seems to

have existed in seas from the earliest ages, and to have been de-
posited wherever portions of sea got separated under suitable con-
ditions. This occurred on an immense scale at two epochs widely
apart, viz., in the trias, and at a certain horizon of the tertiary

formation. It is in the last mother-waters of salt-marshes that boric
acid is concentrated.—Employment of pyritousearths for treatment
of phylloxerised vines, by M. Dufresnoy.—Integrals of oblique
developers of any order, by Abbe Aoust.—Discovery of oxygen
in the sun, and new theory of the solar spectrum, by Prof.

Draper.—Note on the magnetisation of tubes of steel, by M.
Gaugain. If a neutral cylindrical bar of steel, at ordinary tem-

perature, be introduced into a magnetised tube of steel and with-
drawn after a few seconds, it wdl be found weakly magnetised in

the same sense as the tube. But if, after insertion, the system
be heated with a lamp to about 300 deg. , allowed to cool, and
the core then drawn from the tutie, the tube will be found to

have lost a large part of its original magnetl-m, and the core to

have taken an inverse magnetism.—On the exact measurement
of the heat of solution of sulphuric acid in water, by M. Croulle-

bois. Tie hitherto divergent results are attributed to a fact

observed by M. Kirchhoff, viz., that the thermal effect is inti-

mately connected with the tension of aqueous vapours emitted by
the solution, and consequently with the temperature. Taking
this into account the author gives a table of calories corre-

sponding to difi'erent temperatures from 10' to 24°.— Continua-
tion of researches on the effects of electric currents of high
tension, and their analogies to natural phenomena, by M. Plantc.

This relates to effects had on placing the positive electrode of a
battery of Soo secondary couples in distilled water, and bringing
the negative platinum wire near the surface, a column of water
having been inserted in the circuit to obviate fusion. A small
globe of fire appears, taking an ovoid form when the electrode

is raised a little, while a number of blue luminous points in concen-
tric circles are seen at the surface of the water. Rays presently

start from the centre and join the points ; they go into gyration
in one direction or the other, and describe spirals ; sometimes
they disappear on one side. Lastly, with increased velocity of

gyration, all vanish, and only the blue concentric rings are left.

The experiment bears on the formation of globular light-

ning.—Some new researches on the metal davyum, by M.
Kern. New researches on the density confirm the former.

From preliminary experiments the equivalent is shown to

be greater than 100, and probably near 150-154,—New
modes of formation of oxide of ethylene, by M. Greene.

—

Note on the wire-drawing of platinum, by M. Gaiffe. He has
got stronger fine wire by excluding atmospheric dust more com-
pletely.—On the fecundation of echinoderms (continued), by M.
Fol.—Metamorphoses of cantharides {Catithayis vfsicatona), by
M. Lichtenstein.—On the mutual antagonism of atropine and
muscarine, by M. Prevost. He asserts (contrary to some) that

large doses of muscarine will produce toxical eliects in animals
previously atropinised.—Trajectory of the bolide of June 14,

1877, by M. Gruey.—Meteorological observations in a balloon,

by MM. Tissandier. They found a layer of air 400 m. thick,

at a height of 400 m., moving pretty rapidly between two other

layers almott motionless ; a rare phenomenon.—On a halo

observed at Brest on August 31, 1S77, by M. Salicis.—Reflec-

tions on the meteorological works of M. Brault, by M. Buys-
Ballot.
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HUXLE Y'S "ANATOMY OFINVERTEBRATED
ANIMALS"

A Maiitial of the Anatomy of Inverlebratcd Animals.

By Thomas H. Huxley, LL.D., F.R.S. (London :

Churchill, 1S77.)

IN the year 1871 Prof. Huxley published a Manual of

the Anatomy of Vertebrated Animals as the first part

of a treatise on Comparative Anatomy. By the publica-

tion during the present autumn of the work now about to

be noticed, he has fulfilled his undertaking to produce a

treatise for students on this extensive and complex branch

of anatomical inquiry. As might be expected from the

author's well-won reputation, not only as a philosophical

thinker and scientific observer, but as extensively read in

the literature of his subject, the work is one which, in

proportion to its size, furnishes the student with the most

compact account of the present aspect of the science of

comparative anatomy in the English language.

In writing a work on comparative anatomy, two modes
of arranging and classifying the multitude of facts that

are to be considered may be pursued by an author. In

the one, which may be called the anatomico-physiological

method, he may take as the basis of his arrangement the

several organs found in the animal body, and may trace

out the various modifications exhibited by each organ in

different animals. This plan has been pursued in the

well-known systematic treatises of Cuvier, Meckel, and
Milne- Edwards. In the other, or zoological method,

animals are grouped in " natural orders " according to a

taxonomic system, and the anatomical characters of the

animals belonging to each of these orders are described

and compared with each other. Siebold, Stannius, Owen,
and Gegenbaur adopted this mode of arrangement, and
a somewhat similar plan has been carried out by the

author of the work before us.

Although the anatomico-physiological method is not

without its advantages to a particular class of readers, yet

the zoological basis of arrangement is, we think, more
generally useful, as it enables the reader to acquire by the

perusal of a single chapter, a knowledge of the anatomy

of a given natural order of animals, instead of having to

pick out from a number of different chapters the vaiious

facts bearing on their structure.

In carrying out this plan Prof. Huxley has selected for

special and more elaborate description a characteristic

specimen of each group or order, whilst the other

members of the same group or order are either only

incidentally alluded to, or merely the chief features of

difference between them and the selected specimen are

pointed out. For a student's book this is unquestionably

the most suitable plan, as it gives him the means of

perusing, within the compass of a moderate-sized volume,

a carefully drawn-up account of well-marked examples of

the various orders, without confusing him with a multi-

tude of subordinate facts which it would be difficult to

keep in mind, whilst it facilitates practical study by

supplying a somewhat full description of individual forms.

In addition to the description of adult forms much infor-

mation is also communicated on the development of the

Vol, XVI.—No. 416

animals described, and the facts of embryology are made
to throw much valuable light on the details of structure.

To the general reader the most interesting sections of
the book are the introduction and the first and last chap-
ters. The introduction commences by pointing out that

the distinctiveproperties of living matter are due to its

chemical composition, to its universal disintegration and
waste by oxidation, and its concomitant reintegration by
the intus-susception of new matter, and to its tendency to

undergo cyclical changes. A number of interesting ex-

amples are then given of the dependence of all the activi-

ties of living matter upon moisture, and upon heat

within a limited range of temperature. The arguments
which have been advanced in favour of the origin

of living from non-living matter, or abiogenesis, as

it is now termed, are then considered. The conclu-

sion is come to that there is no ground for assuming,

as is done by the supporters of the hypothesis of

abiogenesis, that all living matter is killed at some given

temperature—between 104° and 208^ F., so that the evi-

dence adduced in its favour, from the experiments where
organic infusions have been subjected to this high tem-
perature, is logically insufficient to furnish proof of its

occurrence.^ Prof. Huxley abides, therefore, by the

opinion expressed in his well-known Liverpool Address
to the British Association on this subject. There is no
necessary connection as has sometimes been assumed
between the theory of evolution and a belief in the

occurrence of abiogenesis as a mode of origin of living

things at the present day. Life must at one lime have
been breathed into non-living matter, but there is nothing

to show that existing organisms, or those occurring in

any recorded epoch of geological time, have had any
other origin than from pre-existing forms of life.

It has been assumed by many writers that the deve-
lopmental changes, which an organism passes through
during its embryonic existence, furnish a key to decipher
the full pedigree of the organism and proclaim its family

history. So keenly has this branch of biological specu-

lation or phylogeny, as it is termed, been followed out by
some naturalists, that they have based their systems of

classification on the supposed ancestral history of

animals. We are glad to find that Prof. Huxley inter-

poses some wise words of caution on this matter. The
reconstruction of the pedigree of a group from the de-

velopmental history of its existing members is, he says,

fraught with difficulties. And again, of the numerous
phylogenic hypotheses which have of late come into

existence, few have any other significance than as

suggesting new lines of investigation ; in the absence of

any adequate pateontological history of the Invertcbrata,

any attempt to construct their phylogeny must be mere
speculation. It is to be hoped that this protest against

the fanciful hypotheses of some phylogenists, a protest

which might have been unheeded if it had emanated
from an opponent of the doctrine of evolution, may, seeing

that it comes from him, who by the lucidity, vigour, and
logical power of his writings, has, next to the illustrious

Darwin, done more to gain credence for the doctrine,

than any other writer, check the tendency to hasty

speculation in this direction, in which some naturalists

have of late indulged.

Had space permitted we should have liked to have

CO
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given a sketch of the groups or natural orders in which

Prof. Huxley arranges the Invertcbrata, the classifica-

tion of which is surrounded with so many difficulties, that

scarcely any two writers on classification adopt the same

taxonomic system. Prof. Huxley does not look upon

the arrangement he has adopted as more than temporary,

as our knowledge of the anatomy and development of the

Invertebrata is increasing with such prodigious rapidity

that the views of taxonomists in regard to the proper

manner of expressing that knowledge by classification

are undergoing, and for some time to come are likely

to undergo, incessant modifications.

We heartily commend this book to all students of Com-
parative Anatomy.

EVERETT'S " TEXT-BOOK OF PHYSICS"
Elementary Text-Book of Physics, By J. D. Everett,

M.A., D.C.L., F.R.S.E., Professor of Natural Philo-

sophy in the Queen's College, Belfast. (Glasgow

:

Blackie, 1877.)

IN the preface to this book the author says :
" It is

primarily intended as a text-book for elementary

classes of Physics. It aims at presenting, in brief spa'ce,

those portions of theoretical physics which are most

essential as a foundation for subsequent advances, while

at the same time most fitted for exercising the learner in

logical and consecutive thought. It does not give minute

directions for manipulation, but, avoiding details as much
as possible, presents a connected outline of the main points

of theory. . . . The aim must be not so much to teach

them [the bulk of the boys in our public schools] many
facts, as to teach them rightly to connect a few great

facts together. . . . The book is not intended to super-

sede oral instruction, but rather to create a demand
for amplification and illustration such as the teacher

will supply."

Judged from this point of view the text-book must
receive almost unqualified praise. The different divisions

of the book treat respectively of the subjects, dynamics

(in its modern acceptation), hydrostatics, heat, liglit,

sound, and electricity including magnetism, and in each

division the author explains the leading facts in clear,

concise, and accurate language. What mathematics is

introduced is of the simplest possible kind, and need not

prevent the veriest tyro in geometry and algebra, provided

he is possessed of ordinary intelligence, from reading and
understanding the book from beginning to end. The
definitions are, as a rule, very exact, and the explanation

of the units, as might have been expected from the author

of the pamphlet, the " centimetre-gramme-second system
of units" is singularly precise. Add to this that the
diagrams are numerous, and, which is of rare occurrence
in an English text-book, of unusual excellence, and that

each division is followed by a collection of examples
(except the last, which apparently has not been thought
wort'iy of the honour) at once good and easy, and enough
has been said to show that the text-book is one with many
merits.

It has its demerits too, and if we dwell longer on them
it is only in the hope that a truly excellent manual may
be rendered still more excellent in a second edition. Why
does the author make not the slightest mention of

Newton's laws of motion, although all the statements

made in them are asserted, but in such a casual off-hand

sort of way that the student wonders what is the evidence

for such important statements .' For example, in Art. g
it is said " If a body with a movement of translation

(unaccompanied by rotation) is acted on either by no
forces or by balancing forces, it continues to move with

uniform velocity in a straight course." This assertion is

introduced by no explanation, neither is it followed by
any remark or illustration. The same thing may be said,

and even more forcibly, of the treatment which the

second law receives. This fault, of making assertions

without any explanation or shadow of proof, is rather too

apparent throughout the book, as a (av/ instances will

show. The examples are taken from pages that are all

near together. At p. 147, line 4, we read, " the last image
consists of two coincident images, as has already been

shown [for ' shown ' read ' asserted '] to be the case when
the angle is a right angle." Again, at p. 150, line 3, it is

said, " The angles of incidence and refraction increase

together and the deviation increases with them." At

p. 153, after a description of Airy's simple and beautiful

apparatus for illustrating refraction, it is added "abc
will be the path of a ray, and a stud at c will appear in

the same line with studs at A and B." At p. 158, line 9
from bottom, we find

—" If the eye is moved with uniform

velocity from one side of the normal to the other (in one

straight line), the image moves with a velocity continually

diminishing till the normal is reached, becoming zero

at the normal, and then again gradually increasing.

This is a general property of geometrical images,

whether formed by refraction or reflection "

At p. 161, line i :
—" .... The rays reflected from

the outer portions of the mirror will fall sensibly short of

the middle point of oc. If the point of incidence be

supposed to travel with uniform velocity along the arc

M O from M to N, the intersection of the reflected ray with

O C will move towards f with velocity gradually diminish-

ing to zero." Once more, on p. 163, last line, and p. 164,

first three lines, we read :
—" .... It can be shown that

if the angular aperture be small all the reflected rays will

meet sensibly in one point, P.'' It can also be shown

that—

O P ~ O P OF
Although it is not to be expected that any other seven-

teen pages will supply [as many examples as these, still

such futults do occur throughout the book. We do not

object to statements heralded by the words " It can be

shown," as the student is at once put on his guard, and

virtually referred to other sources for the proof, if he

wishes it ; but most frequently he is left either to take

the statement on trust, or, in the words of the preface,

"to exercise his mind in logical and consecutive thought."

Only we think that in the latter case the text-book can

hardly be called one " for elementary classes."

From inaccuracies the book is wonderfully free, but

there is surely one, and not a small one, about harmonics

at the bottom of p. 241. The author asserts that the

origin of harmonics depends on two very different causes.

Sometimes it is found in the different modes of free

vibration of the body which emits the sound (and this is

especially the case with the sounds of stringed instru-
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ments), but in other cases (including tlie tones of the

siren, and the human voice) it depends on a very different

cause, namely, the mathematical law that every series of

precisely similar vibrations is cither simple, or com-

pounded of one set of simple vibrations, giving the

fundamental tone, and other sets of simple vibrations

giving the harmonics." Now the second cause—Fourier's

law—is surely the only one for the existence of harmonics,

and in every vibration, whether of a string or any other

body, the ear analyses the motion of the air in accordance

with the law, that is, hears harmonics. Is it possible

that the origin of the misconception here lies in

the old notion that when a string vibrates in any

regular manner there are secondary waves riding on the

primary ones, another set on these secondary, and so

on .' as

—

" Great fleas have little fleas

Upon their backs to bite 'em, \

The little fleas have lesser fleas,

And so ad infinitum."

By the way, why are the notes of the human voice,

which are produced by the vibrations of the vocal chords,

distinguished from the notes of stringed instruments ?

It is not to be expected in an elementary manual that

every subject, even of importance, should be noticed, but

we should have thought that even in the briefest treatise on

heat, some notice would have been taken of the " theory of

exchanges," and yet we find no mention whatever made of it-

Also a little more space than two pages might have been

devoted to the electric telegraph, especially, first, as room

has already been found for the description of the venerable

three kinds of lever, and the antiquated three systems of

pulleys (which are rarely seen except in [text-books of

physics) ; and, secondly, inasmuch as three times the

space is taken up in the description of the air-pump and

its modifications.

The good qualities of the book are so conspicuous, and

its faults either so slight or so easily corrected by the

teacher, that we have no hesitation in warmly recom-

mending it as a good text-book for junior classes.

T. H. C.

OUR BOOK SHELF
Popular British Fnn^i; containing Descriptions and

Histories of the Principal Fungi, botli Edible and
Poisonous, of our Country. Illustrated. By James
Britten, F.L.S. (London: the Airasr Office.)

This admirable little book forms an agreeable and
popular introduction to a much neglected group of plants.

Written in a pleasant easy style, it yet conveys a great

deal of sound information. Mr. Britten having drawn on

his imajiination merely for the setting of his facts, not for

the facts themselves. The different illustrations convey

a tolerably accurate idea of the plants represented. The
edible fungi are carefully described, and most useful hints

and directions given as to the modes of cooking and
preparing for table. The poisonous forms also receive a

considerable share of attention, and the characters are

carefully given, but even with all sorts of descriptions we
cannot but think that there is alwa) s danger from such

genera as Lactarius and Russula. Besides treating cf

the usual edible and poisonous fungi, Mr. Britten gives

a chapter on Dry Rot, another on Luminous Fungi, and
another on the Sphaeriacci. Throughout the whole book
we constantly meet with quaint quotations from old

authors. The book, then, is not only a very pleasant and

readable one, but conveys a great deal of sound informa-

tion on the subject therein treated.

Zeitscltrift fUr das chcniische Grossgewcrbc. Heraus-
gegeben von Jul. Post. II. Jahrgang. Heft I.

(Berlin : Robt. Oppenheim.)

We have already had occasion to express our high opinion
of the value of Dr. Post's contributions to chemical techno-
logy. The present work is to the chemical manufacturer
what the well-known '' Jahresbericht " of Liebig and Kopp
is to the scientific chemist. It attempts to give the tech-

nologist a systematic account of the latest advances in

the several departments of manufacturing chemistry and
the allied arts. As the various contributions are from
the pens of men who, in the majority of cases, have
made the matters upon which they write the objects

of special attention and study, we can confidently re-

commend the work to the notice of our chemical
manufacturers.

LETTERS TO THE EDITOR
\The Editor does not hold himself responsiblefor opinions expressed

by his correspondettts. Neither can he undeitake to return,

or to correspond with the writers of, rejected manuscripts.

No notice is taken of anonymous communications.

The Editor urgently requests correspondents to keep their letters as

short as possible. Thepressure on his space is so great that it

is impossible otherwise to ensure the appMrance even of com-

t/mnicaiions containing interesting and novel facts,
'\

Indian Rainfall Statistics

Several correspondents in the Times and elsewhere have
lately complained regarding the class of information furnished

by the Government of India with reference to the famine. One
of them pointed out that while the Indian official Gazette is filled

with tables of food-prices, and other statistics, there seems to be
no attempt to deduce the real significance of those figures, nor

are any data of comparison offered by which the public might

make deductions for themselves. I have just come across a very

glaring instance of this. The Indian rainfall havmg been dis-

cussed a good deal this summer in yoar columns, I heard with

some rejoicing that a long list of returns had been given in the

Indian Gazette for stations in Madras and Bombay. The returns

purport to bear upon the variation of rainfall in tropical India

with reference to the cycle of sun-spots. As an old resident in

Madras and Hyderabad, I think it would be difficult to produce

a series ol figures more irrelevant or more misleading with regard

ii the matter in hand. So far as I understand your articles, it

s alleged that of the six famines in Southern India since 1810,

five were caused by great droughts at tlie periods of minimum
sun-spot frequency. It also seems to be alleged by you that the

rainfall at Madras itself follows a cycle curiously coincident with

the eleven-year cycle of sun-spots. These are two propositions

distinct in themselves, and either of them is well worthy of

investigation by the Meteorological Reporter to the Government

of India.

The figures signed by that ofiicer in the Gazette yield no infor-

mation on the subject. He begins by completely mis-stating the

case. Instead of testing the one statement as to whether drought

and famine in Southern India have been coincident with periods of

minimum sun-spots, or the other statement as to whether the

rainfall at Madras itself forms a cycle coincident with the sun-spot

cycle, he assumes that the question at issue is whether the rainfall

at all the stations throughout Southern India shows a common
periodicity coincident with the cycle of sun-spots.

Now, sir, it surely displays a gross ignorance with regard to

the geographical facts of Southern India, to suppose that a

periodicity, or any other feature of the rainfall of a place on the

coast, like Madras, can be reproduced at the stations which the

paper seems to take haphazard at the inner recesses beyond the

Ghauts. I shall take, for example, only three stations in which

I have resided, and whose monsoons I have seen. Madras

derives about two-thirds, or twenty-nine inches, of its total rain-

fall from the north-eastein monsoon between October and De-

cember. The periodicity of its total annual rainfall is chiefly

due to this monsoon. The Calcutta meteorological reporter

compares this station with Secunderabad, where the north-
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eastern monsoon yields only three inches, and with Bangalore,

where it yields only six or seven. I may add that he also com-

pares it with Bellary, which derives only three inches from the

north-east monsoon. It must be evident that any cyclic period-

icity in the Madras rainfall which is chiefly derived from the

north-eastern monsoon, cannot possibly be common to such

stations as Bangalore, Bellary, and Secunderabad, which are

scarcely reached by the north-east monsoon, and which derive

an altogether insignificant rainfall from it.

I have only quoted three instances, but the paper is full of simi-

lar absurdities. The Government of India should not be surprised

that we Madrasfees are jealous of its interference and distrustful

with regard to its ability to inteifere for good, so long as it puts

its official inipiimatur on papers such as this. I do not suppose

that Mr. Blanford, the meteorological reporter, is personally

responsible for it. The explanrtion no doubt consists in the

fact that the paper has been drawn up by some ignorant native

clerk, and signed pro forma by his official superior. Any sub-

altern in a marching regiment who has crossed the Ghauts knows
that the north-east monscon cannot possibly exert a common
influence upon the coast where it breaks in its first fury, and the

walled-in plateau of Hyderabad or Bellary, where it scarcely

reaches at all. Old Madrassee

Potential Energy

Wherever the fault may lie, your correspondent, " P. M.,"
has quite misapprehended John O'Toole, whose amanuensis I

am, in every point on which he, "P. M ," touches, but one, viz.,

John's wish to place the potential energy in the force instead of

in the body to be moved. X.
Dublin, October 12

In the capacity of poor P. I have suffered much at the hands

of the doctors, and am glad to find in jour correspondent " X."
so competent an exponent of many of the difficulties with which
the subject of energy, ns generally taught, is beset. But while

in the main I agree with the criticisms of "X." there are two or

three points with refeience to which I may perhaps venture an
opinion.

It seems to be admitted (NATt;RE, vol. xvi. p. 459) by your

correspondent that in the case of a moving body " the kinetic

energy is undeniably in the body." This appears to me to lie at

the root of the chief difficulty, for, as far as I can see, we have

no more right to assert that a cannon shot possesses kinetic E.

when it leaves the muzzle of the gun than to say that a clock

weight possesses potential E. when it has been wound up ; for it

may happen that the shot is at rest relative (shall we say) to the

centre of giavity of the physical universe. At any rate we are

well assured that of itself it can do no work. Suppose the shot

to find a home in the side of a ship ; in entering the ship it does

work, but the amount done depends u|)on the original motion of

the sliip, being gieater if the ship were moving to meet the shot

than if it were at rest ; it also depends on the mass of the ship,

for if the shot sensibly change the motion of the ship its own
motion will be less altered by the inij^act. When a shot strikes

a target, which we assume to be rigidly connected with the earth,

the mass of the latter is so great that we may consider the target

as fixed, and thus we have only to contemplate the mass and
velocity of the shot. Simple problems of this nature werg of

course more inviting than those in which the m.ass pnd velocity

of both the colliding bodies had to be taken into account ; and
thus it came to pass that the kinetic E. was altiibuted to the shot

alone instead of being considei cd an attribute of the system consist-

ing of the earth and shot togeiher and due to the relative velocity of

the two. Adopting this latter mode of expression, we may, if we
please, suppose the shot to be at rest and tlie earth moving rela-

tive to it with the velocity of (say) i,4CO feet per second, and
the energy of the system will be unaltered by our convention

;

but where should we be if in this case we supposed the kinetic E.

of a rigid moving body to be an attribute of it alone ?

Again, when we say that the kinetic E. of m units of mass
moving with z' units of velocity is 4 ti'v", this velocity must be
measured with reference to some point or other which we for the

time consider fixed. In order to obtain 4. m v"- units of work
from the body, we must bring it to rest relative to our point of

reference, but in so doing we must lake care that no motion is

imparted to the point of reference itself, for if this be the case

the body will come to rest relative to it wilhjut losing v units of

velocity, and therefore without d ing \m'J- units of work. If

our system consist only of two bodies, and work is to be done by
bringing them finally to relative rest, this condition will be ful-

filled only when the body which we choose to consider at rest

is indefinitely great compared with the other, and only then may
we represent the kinetic energy of the system by \ m v~, m being
the mass of the smaller body and v its velocity relative to the
other.

I think we shall avoid all difficulty if we define the kinetic

energy of a system as tlw ntcrgy uthich the syitcin possesses in

virtue of the relative motions 0/ its parts ; we shall then never
hear of the kinetic E. of a shot or other rigid body, except as

an abbrevia'ion for the kinetic E. of the system consisting of the

earth and the shot, &c.
A precisely similar line of argument may be foUcrwed with

reference to potential E. or the K. of position. The potential

E. of a rigid body, whatever its position may be, is an absurdity.

The very notion of position implies relatioir to other bodies, as

we have no fixed points in space, and thus it is necessary, if only
for this reason, that in speaking of potential E., at least two por-

tions of matter which are capable of changing their po-iiion

relative to one another should be taken into account. In the

case of a raised weight, the system consisting of the earth and
the weight possesses energy in virtue of the separat on of its

parts, and the system can be made to do an amount of work
equivalent to this energy by keeping the earth fixed and letting

the weight fall, or by keeping the weight fixed and letting the

earth m jve up to it, or by letting each move to the other, as in

nature. In any case the work done will be the same, though
the time required may be very different ; but according to the

modes of cx[)re;sion complained of by your correspondent, I

suppose that in the first case the potential E. belongs to the
weight, in the second to the earth, and in the third it is divided
between the two. Should we not avoid all difficulty by defining

the potential energy of a system as t/ie energy 70/iieh the system

possesses in virtue of its confi^iiratieii ' We should then never
speak of the potential E. of a single rigid body, such as a rai^'ed

weight, except as an abbreviation for the potential E. of the

system consisting of the body and the earth. A strained elastic

body, such as a bent bow, of course possesses potential E., for

in this case the particles of the body have been moved relative

to one anothtr from their jwsition of rest, and thus the configura-

tion of the system has been changed.

Of course I agree with your correspondent that the potential

energy of a system is just as truly energy as is its kinetic energy,

and this brings me to the last point I proposed touching upon,
viz., the terra "energy of tension." Perhaps energy of stress

might avoid some objections, since tension and its antithesi.=,

pressure, have very special meanings ; but surely in adopting
such a phrase we can hardly say that the designation implies an
" essential characteristic," while the term E. of configuration

refers only to a "condition." In the case of two attracting

bodies the potential E. is greatest when the attraction is least

on account of the increased distance, and it depends not upon
the actual attraction between the bodies in their existing con-
figuration, but upon the attractions which are called into play
in all the configurations assumed by the system as the bodies
approach each other, and which therefore belong in potentiality

only, to the system in its initial condition. If we define the
potential of a point in the tteighbourhood of a system of bodies

as the amount by which the energy of the system would be
iircreascd by the introduction of the unit mass at this point, then
so long as the mass is absent, the energy due to it can be only
potential, but when the mass is placed there the energy is actual.

In strictness, then, we ought not to apply the term potential to

the energy thus introduced into the system. We, however,
require some mark to distinguish this energy from kinetic energy,

and the word potential serves to remind us of the condition of
affairs before the mass was introduced. Again, we may have a stress

as great as we please actirrg between the parts of a system without
any consequent potential energy, so that the space " condition "

seems to be at least as important as the stress "characteristic."

On the whole I think the phrase potential energy preferable to

enei'gy of tension, stress, or configuration, although it is applied
to energy which is as truly actual, and belonging to the material
system, as is that of a sh.aft-impelled-against-an-ironclad.

Cambridge W. G.

With reference to the question concerning the bricks, in

Nature, vol. xvi. p. 477, it is obvious that if a man lifts a
brick down from a wall and places it on the ground, the vis viva
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of the brick at the bottom is very much less than it would be if

it fell from the wall under the influence of gravity. In lifting it

down the man does work against gravity, and therefore the

energy of position of the brick on top of the wall finds its

equivalent (i) in the z'is viva of the brick at the bottom, and (2)

the mechanical value of the heat of oxidation of the man's
muscles working against gravity. This last is of course the

difference between the vis viva under gravity alone, and the

actual t7V viva. Plence the man wastes tissue more, digests ///i)«

food, and radiates more heat than if he were at rest.

I beg to add a word upon the letter of" X." concerning the term
potential energy. Used as the term is to denote energy of

position, it cannot be considered " felicitous " or logically exact.

Energy of position is /o.V;;//!// z'/j rvew (or kinetic energy); and
vis viva (against a force) \s potential energy of poiilion. In the

expression potential energy, we are led to inquire which energy.

As it stands it properly implies the idea of possible vis viva, as

if "energy" was used only to signify vis viva or kinetic energy.

It may be noticed that Prof, llelmhollz uses vis viva for

"energy " (the adjectives actual and latent being understood) in

two places ; viz., in his tract on " Conservation of Force," p. 128
of translation, "The CTjTTOaof asingle particle Aw, &c.," and in

"Popular Lectures," p. 196, trans., "The vis viva of motion of

revolution round the sun, &c.," where the algebraic expression

given shows that the whole vis viva, actual and latent, or, as it is

DOW called, the whole energy, kinetic and potential, is meant.
While then the German philosopher uses vis viva for work-power
in general, the English writer in the terms potential and actual

energy employs adjectives which logically require that energy
should signify only work-power of motion. Out of this maze
" X " suggests a way by proposing to use the term " energy of

tension " for potential energy, with a reminiscence of Helmholtz's
" .Sum of the tensions ;

" but if we keep the expression kinetic

energy, we require a corresponding adjeetive to distinguish the

other form of energy, and what more expressive, more exact,

more " felicitous " word could we find than " statical," the word
originally employed by Sir W. Thomson? We have here a
most appropriate word, supported by a great name, and I venture
to suggest that "st.itical energy" should come into general use.

Arnesby Vicarage, Rugby W. P. O.

Dealers in Zoological Specimens and Models

II.WING had a considerable amount of trouble in ascertaining

the addresses of the various dealers in zoological specimens in

this country and abroad, I think it likely that I may be doing
service to others who like myself are charged with the formation

of an educational museum of zoology and comparative anatomy,
if I give in the columns of Nature a complete list of such

dealers as I have found useful. They are as follows :

—

1. For spirit specimens and dried parts of fish, molluscs, insects.

corals, (Sec.—Cutter, Bloomsbury Street, London.
2. For skeletons, &c., Ed. Jerard, jun., College Place, Camden

Town, London.

3. For Ceratodus, insects, iS:c.—Hig^ins, 22, Bloomsbury Street,

L jndon.

4. For molluscs, and various marine forms—R. Damon,
Weymouth.

5. For American fish and amphibians—Prof. Henry Ward,
Rochester, New York.

6. For skeletons of fish, iScc, &c.—Erber, 7, Sigmundgasse,
Vienna.

7. For skeletons and exotic specimens generally—Gustav
Schneider, 67, Grenzackeslrasse, Basel.

8. For exotic specimens generally—Museum Godeffroy,

Hamburg,
g. For Mediterranean fish, molluscs, &c.—Gal, fieres, I,

Maritime, Nice.

10. For glass models of invertebrates—Blaschka, 9, Schiesgas;e,

Dresden.

11. F>ir wax models of anatomy of parasitic worms and of

vertebrate anatomy and embryology—Weisker, 13,

Thalstrasse, Leipzig.

12. I'or wax models of vertebrate and invertebrate embryology
— Dr. Ziegler, Freiburg, Baden.

13. For live starfishes, Myaarenaria, Cyclopterus, and other
forms—J. Thompson, 11, York Place, Southend, Essex.

14. For anemones, and channel maiiiie fauna—R. T. Smith,

25, St. Alban's Street, Weymouth.

I trust that some of your correspondents will enlarge this
list, and that such as it is it may be of use.

E. Ray Lankester

Ornithology of Costa Rica

In Nature, vol. xvi. p. 446, I see that you announce my
return to this country. I take the hberty of rectifying two
errors in the announcement :— ist. I was five months collecting
in Costa Rica (not four months), from the end of December to
the end of May. 2nd. I have brought home 250 species (not
200), and it may interest your readers to know that among these
250 species, besides the female of Carpcdectes niliJtts, are also
some other very rare birds many of which—one or other of the
sexes—are new to science. I add a list of some of them in case
you may feel disposed to give it in your journal.

Odontophorusguttatus (Gould), Dendroityx leiieophiys (Gould),
Geotiygon costaricensis (Lawr. ), Tonurus hoffmanni (Cab.),
Tetragonops frantzii (SclsX.), Tuidus nigrescens [C^^.), Tnrdus
obsoletus (Lawr.), Catharus frantzii (Cab.), Cathariis ^raeili-

ros'.ris (Salv.), Dcndraeca vicilloti (Cass.), Setophaga torqiiata

(Baird), Phainoptda melanoxantha (Salv.), male and female
(just described by Mr. Salvin, from a single specimen,
sex unknown, sent by Mr. Rogers), Chlorophonia callophrys
(Cab.), Pezopetes eapi/alis (Cab.), Pyrgisoma cabanisi (Sclat.

and Salv.), J'yj-gtsoma leueotis (Cab.), Eugenes sfeetabilis

(Lawr.), both sexes, Oreopyra hemileuca (Salv.), Oreapyra
einereicauda (Lawr.), Selasphorus flammula (Salv.), both
sexes, Panterpe insignis (Cab.), ditto, and several new species
belonging to the families Fringillidce, Trochilid,e, and Tyra-
nidtc, of which I am preparing a description, as well as a
general list of all the species collected by me (with notes on
many of them), for publication in the Proceedings of the Zoological
Society. A. BoUCARU

55, Great Russell Street, W^C.

On the Supposed Influence of Light on Combustion

Bei'ore Dr. Ingleby referred to my experiments as "incon-
clusive," his reference should at least have been accurate. He
says that I " actually used a dark cubbard into which there was
no free influx of atmospheric air." So far from this being the
case, the "dark closet," as I call it in my paper, was the photo-
meter-room of Price's Candle Company, an enclosure 12), feet

long, 3J. feet wide, and 6i feet high, with arrangements for con-
stant ventilation both at the bottom and at the top. So far

from candles "naturally burning there with inferior combustion,"
as Dr. Ingleby supposes, it is in constant use for testing the
burning of candles, and any deficiency in the supply of air

would be shown quickly by the production of smoke, and yet
after being so used for many hours there is not a trace of smoke
in the air.

Dr. Ingleby's assumption that the candles burnt with inferior

combustion in the closet is in direct opposition to the statement
made in my paper. In the first and fouith trials there is a
greater consumption in the light than in the dark ; and in the
second and third trials the consumption is gi eater in the dark
than in the light; but in any case the difference is so small,

amounting only to from two to seven grain; per hour, that it may
fairly be referred to slight differences in temperature, in currents

of air, and in the composition and make of the candles—the
etcteris paribus vi\{k\\ Dr. Ingleby, with unnecessary emphasis,
says I " left entirely out of the experiment."
The method adopted by me has the advantage of measuring

the results by aetual weighing, and I attach no importance to

any opinion that is not founded on a similar basis. I cannot
follow Dr. Ingleby's theory. What does "insidious eclipsing

the waning glimmer of expiring embers," mean ? I can under-
stand that sea-coal—a caking coal — may form hard cakes,

below which the fire burns out unless the cake is broken, an
action which does not occur with non-caking coals such as a
great part of the Staffordshire and Lancashire co.als, but I can-
not see why if the " last faint gleam is invisible " in consequence
of a brighter light, therefore "the fire goes out as a matter of

course." That the sun puts out the fire by rarefying the air

necessary for combustion I take to be pure fiction.

In my experiments differences of temperature were slight. If

there was any difference one would expect the temperature to be
higher in the closet than in the open room, but in the fourth trial

the temperature in the .-junshine was the higher. If the candle
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material melts down more rapidly in conseciuence of increased

temperature, then up to a certain point, at which guttering

begins, the rate of consumiition of the candle material will

increase. But in these experiments there was no guttering and

no smoking of the wick. C. TOMLINSON
Ilighgate, October 13

Selective Discrimination of Insects

The remarks of Sir John Lubbock in a late lecture on the

relation of insects and (lowers leads to the inference that in his

opinion the brilliancy of colour rather than the odour is the

attraction. My observations lead me to suppose that it is not

the colour, but the particular odour of each variety or species of

flower which induces the visit. With great interest, not unmixed

with curiosity, I have observed (my attention was at first casually

excited) that bees particularly, and also butterflies, visit a distinct

variety and fur the time confine their attention to it, settling on
and sucking the honey of that variety only ; e.g., a bee settling

on a scarlet geranium will not go from it to another species or

variety, but gives its attention to the particular variety only,

irrespective of colour, whether scarlet, pink, or white, never

going from a s;arlet geranium to another scarlet flower, even if

in contact. Whatever the species of flower, it is the same—pelar-

goniums, petunias, heliotropes, lilies, &c. The visit is from
pelargonium to pelargonium, not from pelargonium to geranium

(both cranes bills), and from lily to lily, irrespective of colour. I

never remarked a bee go from a lily to an amaryllis, or the

reverse. The object of this distinctive selection appears to be

fertilisation. The indiscriminate admixture of the pollens of

distinct varieties would probably frustrate the ends of nature

and lead to monstrosities or barrenness. What would be
the effect of the admixture on its own stores is a distinct

question. So far as the insect is concerned, doubtless the

fact has relation to its own economy. Whatever be the

reason, there appears to be the harmonious adjustment of two
facts under the relations of one law. If the colour, and not the

odour, was the attraction, the visits would be indiscriminately

made to all flowers of a brilliant hue. The observation of the

lecturer as to flies being attracted by stinking plants or carrion

seems to prove the fact suggested. Flies settle indiscriminately

on all putrefactions, and will go immediately from a flower to

offal or from offal to a flower. With bees and butterflies there

is certainly a discriminative selection guided by odour ; I have
also remarked that some flowers are rarely, if ever, visited by
bees.

I have never in the books I have read met with this observa-

tion, and when so acute and distinguished an observer as Sir

John Lubbock passes over the circumstance, I presume either the

fact has not been observed, or, if observed, has been considered

to be inconsequential. The observation may be worth nothing,

but in these days of viiimte scwticc, when every infinitesimal

variation is noticed and invested with importance, there may be
a significance in the fact which escapes me, but which, with
others, may have its value. So far as I know, the occurrence is

invariable ; being so, the inference is that odour, and not colour,

is the attraction. I have called the attention of others to the

occurrence, who have, watching the results, always come to the
same conclusion as myself. S. B.

OUR ASTRONOMICAL COLUMN
The Nebula, Messier 8 (G.C. 4361).—Dr. Tempel

draws attention to the different appearance presented by
this large nebula at the present time from that depicted
in Sir J. Herschel's drawing made at the Cape of Good
Hope m 1836-37, which he considers can only be ex-

plained on the assumption of a shifting of the whole
nebula with respect to the stars by reference to which it

was delineated at the Cape, or by great changes in the
nebula itself. The case will be worthy of attention,

because it appears Sir J. Herschel's drawing was made
with much care, as he says " every attention has been
paid to exactness." The whole area occupied by the
nebula, so far as he could trace its convolutions, is stated

to be about one-fifth of a square degree. The relative

positions of the stars in and near it, to the number of
1S6, were ascertained by difl'erential observations with

9 Sagittarii ;
" from these measures skeleton charts were

then constructed, and being divided into convenient tri-

angles, the nebula was worked in upon them." A draw-
ing made under these circumstances might certainly be
expected to represent its actual features, and it appears
to be given with confidence by Sir J. Herschel. Dr.
TeiTipel, observing with the large Amici-telescope at

Arcetri, near Florence, finds that the reference stars

entered in the Cape drawing arc still as they then were,
with some insignificant variations of position or bright-

ness ; but the difference of the details of the nebula as

projected on these stars, from those shown by Sir J.
Herschel, are so marked as to leave, in Dr. Tempel's
opinion, no other explanation than is suggested above.
Prof. Schiaparelli, to whom Dr. Tempel had forwarded
his own delineation of the nebula for comparison with
that made at the Cape, remarks, after twice examining
it:
—" Je dirai tout-de-suite, qu'il m'aurait c'td impossible

de reconnaitre la n<?buleuse avcc le seul dessin de J.
Herschel." The nebula is figured on Plate I. in the Cape
observations ; the description will be found at p. 14.

Probably Mr. EUery, who, as was stated last week, is still

occupied with new drawings of Sir J. Herschel's figured

nebula:, may be ab!e to express an authoritative opinion
with respect to the supposed changes in this object.

The Binary Star n Centauri.— It appears from the
supplementary number of the Monthly Notices of the

Royal Astronomical Society that this star has not been
neglected during the critical portion of its orbit at the
observatory at Sydney. Mr. PI. C. Russell, the director,

publishes measures taken in each of the years 1870-77,
excepting 1S75, when he was in Europe, and expresses
his intention to observe it accurately during the next few
months, that the true time of the periastre, &c., may be
determined. The later measures indicate the necessity

of a correction for bias, the observer getting sensibly

differing angles of position according as the telescope was
east or west of the pier— in which, by the way, he is not
sinjjular ; the amount of the necessary correction was to

be investigated. It is very satisfactory to find that a
sufficient number of measures of this grand binary system,
for obtaining pretty good elements of its motion, are
likely to be put upon record at the present periastre. The
next we know will not occur until the middle of the
ensuing century.

Jupiter's Satellites.—On October 8, M. Yvon
Villarceau laid before the Paris Academy of Sciences a
memoir, by M. Glasenapp, on the satellites of Jupiter
which appears to have been forwarded in competition for

the Fi IX Damoiscaii, and which had been found amongst
the papers of M. Lcverrier, one of the commission to

whom the adjudication of the prize had been referred.

It is known that M. Glasenapp has been occupied for

some time past at Pulkowa upon investigations connected
with these bodies.

The Present Comets.—The comet discovered by
M. Coggia on September 14, though faint, is still well

situated for observation in the morning sky. The follow-

ing elements calculated by Herr E. Hartwig, from obser-

vations on September 14, 18, and October 6 have been
received from Prof. Winnecke :

—

Perihelion passage September I0'7566 M.T. at Berlin.

Longitude of perihelion loS 10 57 ) M.Eq.
,, ,, ascending node ... 251 3 52 j iS77'0.

Inclination 77S1 6
Log. perihelion distance o'i975o6

Motion—retrograde.

Hence the following positions for Berlin midnight :

—

R.A. N.P.D. Distance from Di,-.lance from
h. m. „ , the earth. the sun.

Oct. 19 ... 7 39S ... 54 3 ... I 234 ... 1-662

„ 23 ... 7 2S-I ... 56 16 ... i-i66 ... i-6So

„ 27 ... 7 14-9 ... 58 48 ... I"I02 ... I 699
,, 31 ... 7 00 ... 61 42 ... 1'044 ... 1720

Nov. 4 ... 6 43'S ... 65 3 ... 0-994 ... 1743
„ S ... 6 256 ... 68 49 ... 0-953 ... 1-766
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Of the comet discovered by Dr. Tempel at the Observa-
tory of Arcetri, near Florence, on October 2, the following
elem^rts by Dr. Schur are also from Prof. Winnecke :

—

Perihelion passage June 27'97o M.T. at Berlin.

Longitude of perihelion 83 300
„ ,, ascending node 184 I7'8

Inclination 64 54-2
Log. perihelion distarce 000994

Mol ion—retrograde.

On June 28 the comet was in R.A. 5h. Sim., N.P.D. 34°'4,

distant from the earth 171 ; on August i in R.A. 4h. 47m.,
N.P.D. 38~-8, distance i'35 ; and on September 3 in R.A.
2h. 36ni., N.P.D. 55'''4, distance 079, so that an earlier

discovery might have been e.xpected.

The places subjoined are from these elements for 1 2h.
G.M.T. :—

Distance Distance
RA. N.P.D. from the fromthe

h. m. o , Eartli. Sun.

Oct. iS ... 23 5-5 ... 112 54 ... i*24i ... 2-036

,, 20 ... 23 20 ... 113 48
„ 22 ... 22 58-9 ... 114 37 ... 1-350 ... 2-084

,, 24 ... 22 560 ... 115 20

„ 26 ... 22 53-5 ... 115 5$ ... 1-462 ... 2-133

,, 28 ... 22 51-3 ... 116 3r

,, 30 ... 22 49-4 ... 117 2 ... 1-577 .. 2-iSo
Nov. I ... 22 47-7 ... 117 29

3 - 22 463 - i'7 54 .. 1-695 ... 2-227

BIOLOGICAL NOTES
Boring Power of Magilus.—We have received

from Mr. Charlesworth a preliminary note giving brielly

a result of his study of the genus IMagilus, the remarkable
testaceous gasteropod that is found immersed in the

large hemispherical corals of the genus Meandrina. Tlx
current belief, as set forth by Sowerby, Owen, Woodward,
and other authorities in moUuscan biology who have
treated of this coral-inhabiting mollusc, is that Magilus
in its young state eftects a lodgment in a crevice of a
Meandrina, and that as the coral enlarges, the Magilus
extends the margins of the mouth of its shell in the form
of a cylindrical corrugated tube, the growth of this tube
and of the coral proceeding \.<:>%zX\itx pari passu, and con-
sequently that there is no penetration of the coral by the

Magilus at all. Mr. Charlesworth, however, finds that

Magilus not only drives through solid masses of coral in

any direction with apparently the same facility that the

bivalve Teredo tunnels masses of wood, but he finds that

it even surpasses Teredo in its power of suddenly
reflecting its shell and returning to the point from which
it commenced its advance ; and this bending back of the

shell upon itself is not accomplished in such natural

cavities as frequently prevail in large corals of the

Meandrina genus, but in the solid mass of the coral.

Great Vitality of Ants.—Several interesting obser-

vations have been made by the Rev. H. C. McCook on
the endurance of extremes of heat and cold by ants. This
year a formicary of F. pcnnsyh'anica was cut from an
oak bough and exposed out of doors to the rigour of a
mountain winter, and survived. A number were dropped
separately upon ice, and were found alive after forty-eight

hours, each in a little depression. F. riifa was found
active in its formicary at 34" F., sluggish at 30°. The
extreme of heat seemed also to be endured by F. pcimsyl-
vanicaj they did not suffer at all from the heat of stones

walling in a camp fii-e, having been driven into this posi-

tion out of a burning stump. A community of agricultural

ants {M. molcfacicns) lived in a mound upon which some
smiths in Texas made their fires for heating waggon tires.

Numbers of ants were seen at work by Dr. Lincecum,
cleaning out the entrance to their city, before the entire

extinction of the fire just used for heating tiies. They
had learnt all about the fire, and knew how to work in

and around the dying embers without injury. A quantity
of mason ants (variety of F. riifa) observed by Mr.
McCook were accidentally flooded under five inches of
water, and they appeared to be quite dead, and floated
about in this condition for many hours. But subse-
quently most of them recovered full activity. In Texas
Mr. Lincecum found that the agricultural ants are seen
irr great numbers in wells, forming a sort of floating mass
as large as an orange, clinging together. In this con-
dition they get drawn up in the bucket, and though they
may have been in the water a day or two, they are all

found alive. Yet individuals cannot survive under water
more than sis minutes ; and life in these balls can only be
preserved by the mass revolving, either by the continued
struggles of the individual insects, or by an instinctive
and orderly movement of the outer tier of ants {Proc
Acad. Nat. Sci. Philadelphra, 1877, p. 134).

The Striped JNIuelet.—This fish, so abundant off

the coast of North Carolina, seems to suffer from several
serious drawbacks, which would appear to threaten its

extinction. It moves through the water so slowly that a
man may easily walk as fast. The young fry suffer from
a disease which gradually destroys the sight, and great
numbers perish ; they are also much infested with para-
sitic worms. To counterbalance these destructive agencies,
the female has an enormously distended roe.

The Mediterranean Flora.—From personal obser-
vations in Italy and Greece, with the aid of literature

bearing on the subject, M. Fuchs comes to the conclusion
that the so-called Mediterranean flora, so far as represented
by evergreen woody plants, and plants of the sage, thyme,
lavender, and rosemary order therewith always associated,
occurs, at least in France, Italy, Greece, Southern Russia,
and Northern Asia Minor, exclusively on calcareous for-

mations, while soils with little or no lime (granite, gneiss,
flysch, sandy"and muddy alluvia of rivers) in the whole of
that region, and south to Sicily and Morca, bear exclusively
deciduous foliaceous trees, and in general, a vegeta-
tion hardly differing from the ordinary central European
flora. We are not, however (M. Fuchs says), to conceive
the phenomenon as if the former class of plants required
the lime as nutriment ; the correct view rather is, that
the southern ever-green flora is better able to press
northwards on the drier and warmer calcareous forma-
tion, than on the damper and colder clayey soil. And he
finds support of thi.s view in the fact that, in the Azores,
Madeira, and the Canary Islands, with a truly sub-
tropical climate, an evergreen shrub vegetation closely

agreeing with the Mediterranean flora flourishes on
various soils indifferently, even on basaltic and trachylic
rocks. The sarne appears to be the case in Algiers.

FOX TALBOT
T_TAD the photographic art never been invented, Mr.
* A W. H. Fox Talbot, whose death we recently
recorded, would have a claim to take a good rank as a
scientific investigator. In the popular estimation his

work in connection with photography is what alone gives
him a claim to remenrbrance ; but we are sure there are
many of our readers who must be familiar with writings

by him in various departments of science. He was
indeed in many respects a wonderful man, and a glance
at the Royal Society Catalogue will show that he has left

behind him a great amount of varied work. In mathe-
matics, in physics, in chemistry, in astronomy, in botany,
in archaeology, in literature, Fox Talbot at various periods
of his life did substantial work, and in addition filled

faithfully and liberally the responsible position of an
English country gentleman on his estate of Lacock
Abbey, Wiltshire.

Fox Talbot was the eldest son of Mr. William Davenpor
Talbot, his mother being a daughter of the Earl of llchester

He was born in February, 1800, and received his earl)
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education at Harrow. Thence he went to Trinity College,

Cambridge, where he gained the Person Prize in 1820,

was Chancellor's Gold Medallist, and graduated in 1821

as Twelfth Wrangler. Just after the passing of the lirst

Reform Bill he sat for two years in Parliament as member
for Chippenham, when he retired from public life, and
devoted himself almost entirely to work in various depart-

ments of science and literature. In the Royal Society's

Catalogue alone is a list of about fifty papers by him in

various domains of science, and ranging from the year

1822 the year after his graduation, down to 1872. The
first paper on the list is a mathematical one contributed

to Gergonne's Ann. Math. (1822), " On the Pro-

perties ol a certain Curve drawn from the Equilateral

Hyperbola." In 1S22-23 he contributed six mathema-
tical papers to the same journal, one ol them being " On
a Curve the Arcs of which represent Legendre's Elliptic

Functions of the first kind." He was the author of at

least eight other mathematical papers contributed to the

Royal Society, the PSiil. Trans., and the Transactions of

the Royal Society of Edinburgh. Some of these papers
are verv remarkable, as those on Definite Integrals, and
show Fox Talbot to have been a mathematician of no
small power.
He seems to have commenced his researches on

light at an early period. There is, for example, in the
Edinburgh yoitrnal of Science, for 1826, a paper de-
scribing " Some Experiments on Coloured Flames ;

"

and in the Quarterly Joiirnal of Science, for 1827,
one '' On Monochromatic Light." Other papers in the
same direction appear in the Phi/. IlJa^-., for 1833, "On
a Method of Obtaining Homogeneous Light of Great In-

tensity," " Experiments on Light," 1834, " On the Nature
of Light," 1835 In 1861 he published in the Chemical
News papers on " Early Researches on the Spectra of
Artificial Light from Different Sources," and " Some
Experiments on Coloured Flames ;" and so late as 1872,
we find in the Proceedings of the Royal Society of Edin-
burgh, " Notes on Some Anomalous Spectra," " On the
Early History of Spectrum Analysis," and " On a New
Mode of Observing Certain Spectra."

In chemistry, as might be expected, his researches
were many, being mainly connected, however, with
photography. One of his earliest chemical papers will be
found in the Phil. Mag. ii. 1833 :

" Remarks on Chemical
Changes of Colour." We find other papers contributed
mainly to the Phil. Mag. on Nitre, Iodide of Silver,
Iodide of Mercury, &c.
In January, 1839, Daguerre published his account of his

process. On the 31st of the same month Fox Talbot gave
an account of his own process to the Royal Society, in a
paper entitled " Some Account of the Art of Photogenic
Drawing, or the process by which Natural Objects may
be made to delineate themselves without the aid of the
artist's pencil " {Roy. Soc. Proc. i S39 ; Phil. Mag. xiv.

1839) ; and at the meeting of the British Association that
year he read a paper on the subject. From that time onwards
he continued to write papers in connection with his in\en-
tion, though for several years before his death he seems to
have lost his interest in the subject, and turned his versatile
intellect to other lines of inquiry.
The original photogenic drawing is nothing more nor less

than the silver printing process of the present day, which
has received little or no modifications since it passed out of
his hands, unless it be the application of albumen to the
paper and the fixing with sodium hyposulphite. Early in
1840 a new process due to Talbot created a sensation in
scientific circles, the results being a marked advance on
everything that up to that time had been produced. This
was no other than the Calotype or " beautiful picture "

process, a patent for which he took out dated 1841. The
main features of this process may be described as the
production of a photographic picture on sensitised silver-
odide, held /// situ in the pores of paper, and its develop-

ment by means of gallic acid. The credit of the discovery
of this method of development has often been ascribed to
Fox Talbot ; but we believe that to the Rev. B. J. Reade it

is really due, but was so modified by Fox Talbot as to

render it manageable in the hands of the operator. The
next patent that Fox Talbot took out wa; registered
under the title of " Improvements in Calotype," in which,
amongst other things, he included fixing the photographic
image on the paper by means of sodium hyposulphite, a
solvent for the haloid salts of silver which Sir John
Herschel had used in February, 1840.

The third patent taken out by Talbot, in conjunction
with Malone, was for the use of unglazed porcelain in lieu

of glass, on which to support the photographic image,
using an albumen process. In this patent also we have
a protection granted for an invention which has several

times since been rediscovered, viz., the use of a transparent
and flexible support in lieu of glass capable of being
adapted to a curved surface, by which means a panoramic
view might be taken in the cameia by the gradual rotation

of the lens round its optical centre. This flexible support
was paper rendered transparent and non-absorbent of the
liquid albumen applied to its surface. The last novelty
included consisted of an application of photography to the
production of an image on steel plates, doubtless with a
view of helping the engraver.

The fourth patent was for a process (described in the
A/hencsum, December 6, 1851) by which instantaneous
pictures could be taken, and was so sensitive that an
experiinent undertaken at the Royal Institution to prove
its value is worthy of redescription. Printed matter was
fixed on a wheel which was caused to revolve at a rapid
rate, and being illuminated by the spark from a battery
of Leyden jars, a facsimile of it was produced in the
camera, " every letter being perfectly distinct." We doubt
if at the present day any greater degree of instantaneity

could be secured even by the most rapid collodion pro-
cesses extant. The success of the process was due to the
extreme sensitiveness of silver iodide when prepared by
double decomposition of the iron salt, and also to the
great facility with which silver nitrate could be reduced
by ferrous sulphate. The debt he owed to Dr. Woods, of
Parsonstown, and to Robert Hunt, who respectively dis-

covered these facts, Talbot duly acknowledged in his com-
munication to the AtheuceiDn.
The last patented invention in photography with which

Fox Talbot's name is connected was that of photographic
engraving. This process is based on the discovery by
Poitivin, of the possibility, by exposure to light, of forming
an image in gelatine when impregnated with bichromate of
potassium. The steel-plate on which the etching was to

be engraved was covered with a dried layer of thin

chromated gelatine, and after exposure in the camera the
plate was placed in cold water to remove part of the gelatine
and as much of the bichromate as possible. It was then
covered with the etching fluid which penetrated in a
greater or less degree through the gelatine film and the
"biting-in" thus effected enabled the plate when inked up
and printed in the usual manner to give an impression on
paper of the object photographed. This method was
most successful in the reproduction of line engravings,
and when half tones had to be produced he adopted other
artifices to which we need not here refer.

It has been stated that Fox Talbot did not protect his

processe-, but the above list of patents at once contra-
dicts the assertion. Not only did he—as we think quite
justifiably—do so, but he strictly claimed his rights, even
going so far as to bring an unsuccessful action for

infringement, claiming to include in his Calotype patent

—

which was essentially a paper process—the collodion pro-

cess of Le Gray and Archer. Mr. P. Le Neve Foster
writes to us that Fox Talbot was so tenacious of his

rights that the formation of the Photographic Society was
for a time prevented. " I had," Mr. Foster writes, " more
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than one conversation with him at that time on the sub-
ject, and he only yielded, .ind in favour of amateurs, after

much solicitation on the part of the late Lord Rosse
and Sir Charles Eastlake, who thereupon became the
first president of the Photographic Society."

The accompanying extract from the correspondence
which appeared in the Times of August 13, 1852, between
the inventor of the Calotype process and the presidents

of the Royal Society and Royal Academy, shows the
spirit in which the two latter approached the subiect of
the patent rights, and the generous tone in which the
former responded :

—

" The art of piiotography on paper," Lord Rosse and
Sir Charles Eastlake write, "of which you are the in-

ventor, has arrived at such a degree of perfection that

it must soon become of national importance ; and we
are anxious that, as the art itself originated in England,
it should also receive its further perfection and develop-
ment in this country. At present, however, although
England continues to take the lead in some branches of

the art, yet in others the French are unquestionably
making more rapid progress than we are. It is very
desirable that we should not be left behind by the nations

of the Continent in the improvement and development of
a purely British invention ; and, as you are the possessor
of a patent right in this invention, which will continue
for some years, and which may, perhaps, be renewed, we
beg to call your attention to the subject, and to inquire

whether it may not be possible for you, by making some
alteration in the exercise of your patent rights, to obviate

most of the difficulties whicla now appear to hinder the

progress of art in England. Many of the finest applica-

tions of the invention will probably require the co-

operation of men of science and skilful artists. But it is

evident that the more freely they can use the resources

of the art, the more probable it is their efforts will be
attended with eminent success. As we feel no doubt that

some such judicious alteration would give great satisfac-

tion, and be the means of rapidly improving this beautiful

art, we beg to make this friendly communication to you
in the full confidence that you will receive it in the same
spirit—the improvement of art and science being our
common object."

This letter is dated " London, July," and Fox Talbot
replied as follows, under date " Lacock Abbey, July 30":

—

"... I am as desirous as any one of the lovers of

science and art, whose wishes you have kindly undertaken
to represent, that our country should continue to take the

lead in this newly-discovered branch of the fine arts ; and,
after much consideration, I think that the best thing I

can do, and the most likely to stimulate 10 further

improvements in photography, will be to invite the emu-
lation and competition of our artists and amateurs by
relaxing the patent right which I possess in this inven-

tion. I therefore beg to reply to your kind letter by
offering the patent (with the exception of a single point

hereafter mentioned) as a free present to the public,

together with my other patents, for improvements in the

same art. . . . The exception to which 1 refer, and which
I am desirous of keeping in the hands of my own
licensees, is the application of the invention to photo-

graph taking for sale to the public. This is a branch of

the art which must necessarily be in comparatively few
hands With this exception, then, I present my
invention to the country, and trust that it may realise our
hopes of its future utility."

In the Phil. Mai^. iii. 1S33 will be found a very curious

paper, which might interest -Sir Wm. Thomson (who,
however, has probably read it), " On the Velocity of

Electricity ; a proposed method of ascertaining the
greatest depth of the ocean." Crystallography and optics

came in for a considerable share of Talbot's attention.

In 1836, in the Comptes Rcndus, we find him describing

researches on borax crystals, and besides various papers

on the subject mentioned produced in 1836, he gave the
Bikerian lecture of that year, the subject being " Facts
relating to the Optical Phenomena of Crystals." In 1842
he read a paper at the British Association " On the Im-
provement of the Telescope," and another in 1847 " On a
New Principle of Crystallisation." He describes in the
Astronomical Society's Memoirs (xxi.) a total eclipse of

the sun, July 28, 1851, observed at Marienburg, Prussia,
and in the British Association Report for 1871 will be
found a paper by him " On a New Method of estimating
the Distances of some of the Fixed Stars."

The subject of heat also had its attractims for his
many-sided mind, and in 1836 he contribute I to the
Phil. Miig. papers on the Repulsive Power ol ileat and
on Radiant Heat. Even botany received a share of his

attention, for we find in the Transactions of the Edinburgh
Botanical Society for 1868 a " Note on Vellozia elegans
Irom the Cape of Good Hope."

But the half is not told, and it would take up more
space than we can spare, even were it quite appropriate
in these pages, to refer to his numerous contributions in

literature and archaeology to the Royal Society of Litera-
ture (of which he was vice-president), the Society of
Biblical Archeology, and by other methods. Orientalists
will call to mind that Talbot was one of the first who,
with Sir Henry Rawlinson and Dr. Hincks, deciphered
the cuneiform inscriptions brought from Nineveh. He
was the author of several books of much interest and
learning, and in his " Pencil of Nature," a fine quarto
published in 1844, and probably the first work illustrated

by photographs, he describes the origin and progress of

the conception which culminated in his invention.

THE PHOTOGRAPHIC EXHIBITION

THE Photographic Exhibition which is now open at

5A, Pall Mall East, is well worthy of a visit by all

lovers of the art-science, exemplifying as it does the pro-

gress that has been made in dry-plate processes. The
perfecting of these processes must have a marked effect

on the future of photography, as v/hen they are capable

of being employed under all circumstances, the heavy
paraphernalia attendant on the wet process nay be con-

signed to the lumber-room, and the worker in the field or

laboratory need only be dependent on his box of sensitive

plates and his camera. We cannot enumerate all the

processes, examples of which are exhibited. We may
mention, however, that the simple bromide of silver

emulsion either held on the plate embedded in collodion

or gelatine appears to bear away the palm for excellence,

unless it be the process with which Mr. England has pro-

duced his splendid collection ofSwiss views, in which (though

no information is given in the catalogue regarding it), we
think we can trace the delicacy due to albumen in the

sensitive film, combined probably in some way or another

with bromide of silver. Another feature of the exhibition

are the enlargements which are shown by various exhi-

bitors, amongst whom we may name, as being specially

worthy of mention, the Woodbury Company, the Royal
Engineers, and the Autotype Company. The enlarge-

ments taken by Mr. E. Viles with the microscope are also

worthy of more than a passing remark. They are all

beautifully executed, but perhaps the picture of the pro-

boscis of the common blow-fly should be specially singled

out, being almost perfectly enlarged to 200 diameters.

We believe that a comparatively low-power objective was
employed, and that from the small negative obtained by
it an enlargement in Monckhoven's solar camera was
produced. These pictures are hung too high to be well

seen, and Mr. Viles perhaps might be persuaded to show
them at some of this season's scientific soirees. As
regards the application of photography to scientific pur-

poses there are no other examples to be found in the

exhibition, a matter which we deeply regret, seeing the
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large use that is made of the art-science in nearly

every investigation of the present day. As regards the

artistic element present, it is not in our province

to dwell upon it. In many examples of portraiture

it would have been well had that abomination — re-

touching of the negative—been avoided. As showing
what a grand pencil is sunlight to the artist, we may
mention the exhibits of Robinson, Blanchard, Mrs. H.
Roscoe, and Slirgsby, in all of which are to be found true

artistic feeling and perfect manipulation. The works of

Payne-Jennings, Bowness, the Royal Engineers, Stephen
Thompson, and England may be classed amongst the

best of the landscape work.

Amongst technical work we have examples ot a capital
photo-relief process by Warnerke, by which an artist's

own drawing can be iaithfully reproduced as a block for

surface printing. The mechanical printing processes from
gelatine are also admirably represented by the Autotype
Company, as is that known as Woodbury-type.
This notice would be incomplete without calling atten-

tion to the photographs taken during the recent Arctic
expedition under Sir G. Nares, which have been exhibited
by the Admiralty, and also to those taken by Mr. Grant,
who accompanied Sir Allan Young in the Pandora.
Both sets of photographs are very good when the diffi-

culties under which they were taken are considered.

THE NORWEGIAN DEEP-SEA EXPEDITION''

THE V'oyiiii^iii left Tromso on July 14, lay the fol-

lowing day, which was a Sunday, in Kjosen, by
Lyngen, and we recommenced our work on the i6th, off

Fuglo (71" N. lat.). From this point a cross-section'was

made to lat 711°, long. 14° E., the bottom reaching no-
where more than 900 fathoms. On the 18th we steered
southwards, and took up another cross-section parallel to
the above, and about twelve geographical miles distant.

This was finished on the 2cth, and we sailed to Tromso,
where we arrived at midnight. In the last cross-section

Fig. I — BeerenlcrL;, J:iii

we found a depth of more than 1,200 fathoms on the
noith-eaft border of the deep-sea bay abutting on the
sleep bank outside Vesteralen and Lofoten.

In Tromso the ship was completely fitted out for our
cruise to Jan Mayen. We left that town on July 24,
passed out the MaIangen(jord, and steered westwards.
In lat. 70°, long. 5° E., we reached the cross-section,
whose eastern part we had already worked out, and

shaped our course directly for Jan Mayen. This was on
the 26tb, and the dredge came up, full of mud, biloculina

clay, but almost without animals. The following day we
found 0° C. in 500 fathoms depth, but farther west, in lat.

7 1", long. 5° W., the isotherm of 0° C. was found, late in

the night, in only twenty fathoms' depth. This proves
that we were fairly in the polar current, and that the

boundary between it and the warm Atlantic current (the

Fig. 2. -Jan Mayen-Soulh-v

so-called Gulf Stream) is a very steep suriace, like that of
the " cold wall " on the American coast. The tempera-
ture of the surface of the sea was here 4°-6 C. At nij^ht
the fog came on, and the next day we steered cautiously
westwards, sounding at short intervals ; but the depths

St Cape, ard ihe Seven Rocks,

went on increasing to more than 1,000 fathoms, before a

less depth was sounded. At last, just when we were sitting

at the dinner-table, we heard the mate cry out, " I can

see the glacier ahead." The ship was immediately

stopped, and a sounding gave 140 fathoms. The fog

began to ascend a little, and we were soon able to dis-
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tinguish a huge glacier, hanging on the steep rocW, and
bathing its foot in the sea. In order to ascertain the

distance from the shore we fired a gun, and the observa-

tion of the echo gave the distance a httle less than one
nautical mile. 15y-and-by the fog lifted higher, and we
could see the two terminating points of the eastern side

of the base of the great Beerenberg. In the afternoon we
started anew in order to round the island and find shelter

on the west side, the wind and sea coming from the

north-east. But as soon as we were on a northerly course,

abreast of the north point of Jan Mayen, the fog again
grew so thick that we could only see a couple of ships'

lengths ahead. We steered then first northwards, then
|

westwards, southwards, and south-east, the temperature
of the sea surface being taken every quarter-of-an-hour
to keep us informed of the proximity of the ice. The
surface temperature went down to 2'''3 once, but kept
generally at 3°-5, or more. At last when we were
approaching the west coast and had commenced sound-
ing to find a suitable anchorage, the fog lifted so that we
could see the shore and allowed us to choose our berth.

At midnight we dropped the anchor in the northernmost
of the three large bays of the west side, about half-a-mile
from the nearest shore.

The next day was wonderfully calm, but the fog
covered the higher parts of Jan Mayen. We went on

shore, the sea being so calm that we could step on shore

without any inconvenience. The shore consisted of vol-

canic sand, quite black, and was, higher up, covered by
driftwood thickly strewn on a level surface. To the left

was a steep cliff wonderfully rich in colour, the abode of

thousands of sea-birds, whose inner slope, consisting of

ash and scoria;, showed it to be a part of a former
crater. The scientific party spread in different direc-

tions and made the best of the time in surveying, col-

lecting specimens of plants and rocks, and drawing ; one
polar fo.x was killed. The plants found belong to very

few species, the vivid green we had seen from the ship

being only a cover of moss. The flowers had just come

out, and all the lower part of the island, up to about

2,500 feet, was generally free from snow, the snow lying

only in patches in the lower regions where a larger mass
was gathered in ravines. The rocks were all volcanic,

and the peaks seemed all to be built of loose stones
thrown out from craters, while solid lava and tufa were
found in the lower parts. In the afternoon I went on
shore again, happily, because this was the last time we
were able to do so, the sea being on the following

days too high, and Jan Mayen does not present any bay
giving shelter for a boat. I directed my course north-

wards, found a lagoon filled with fresh water, and shut off

from the sea by a low wall some 300 feet in breadth.
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The wall was covered by driftwood. On the east side of

the island there is a similar lagoon, but much longer and
with brackish water. On my return to the boat I shot a
fox which came suddenly upon me and showed the
greatest curiosity at seeing a human being.

The next day the wind and sea had risen, and landing
was impossible. We weighed, therefore, and sailed again
round the north part of the island. The clouds allowed
us to see the lower part of the land, and for a while

Beerenberg, the huge volcano of Jan Mayen, showed its

snow-white cone to our enchanted eyes. The captain,

assisted by his officers and myself, surveyed the coast as
far as circumstances permitted, and got abundant material
for an improved map of Jan JNlayen. The Admiralty
chart, constructed after Scoresby and Zorgdrager, proved
very good, and afforded us material aid both in navigating
and as a base for the improvements we were able to

obtain. At midnight we anchored on the eastern side,

south of the " egg-crater," and off the great lagune.
The next day we took altitudes of the sun from the

ship's deck, landing being impossible. The latitude of
the map proved correct ; but our chronometers, compared
in Tromso and Bod 6 before and after our cruise with
Greenwich time, sent per telegraph from the observatory
in Christiania, showed that Jan Mayen lies about half a
degree of longitude farther west than in the chart.
Further measures indicated also that Jan Mayen is not
quite so long as given in the chart, and that its southern
half is somewhat broader.

Next day we weighed, and went eastwards, sounding
and dredging. Beerenberg was quite clear, and pre-
sented a magnificent aspect (Fig. i). The winds were at
times very high, up to fifteen metres per second, and very
variable in direction, a phenomenon which Scoresby men-
tions in his description of the waters of Jan Mayen. The
fauna was very interesting ; it had much similitude to
that of Greenland. The temperature at the bottom was
about - 1° C, and in this cold water many well-known
animals reach quite gigantic proportions. At night we
anchored outside the lagoon.
The following day we weighed, and steered northwards.

The height of Beerenberg was measured, the distance
and course of the ship being taken as base line. Three
different measures were in close agreement, and the mean
was a height of 5,836 feet, which is nearly 1,000 feet
lower than the height given by Scoresby. An appreciable
current from north-east to south-west would make the
number less still. This determination makes Beeren-
berg lower than the highest point in Iceland, viz., Oeroefa-
Jokull, which is more than 6,000 feet high. We went to
the north of the island, and found 1,000 fathoms in a
distance of only one geographical mile from the north
point, which indicates that the foot of Beerenberg con-
tinues its slope of 10° so far beneath the surface of the
sea. Thence we steered westwards and took soundings,
which were continued the whole night. The wind was
north-west, and the temperature of the air fell to -f o°-2 C.
A depth of 1,032 fathoms having been found seven

geographical miles north-west of Jan Mayen, and a serial
sounding having shown 0° C. in a depth of only ten
fathoms—surface water being as low as + 2° C, we
steered again towards the west coast of Jan Mayen. On
the morning of August 8 we were near our first anchorage,
but the swell was too heavy to try to land. We then went
south-westwards along the shore and studied the country
as well as circumstances' permitted, the fog sometimes
hiding it from our view. We were nevertheless able to
get a series of sketches, and our rate told us that the
island, as mentioned above, must be shorter than it is
shown on the map. At noon we passed Cape Southwest
and got a fine view of it (Fig. 2). The point north of
Cape Southwest showed two extremely regularly built
volcanic cones, the outer one close at the sea, the inner
one quite small, and both of a reddish tint. On the higher

land between Cape Southwest and this point there is also
a similar larger cone. The Cape itself is perforated by a
tunnel at the level of the sea.

I got the distinct impression that Jan Mayen is from
end to end of comparatively recent volcanic origin. Its

aspect reminded me of parts of Iceland, which are of
more recent volcanic origin, e.«. the peninsula of Reyk-
janes. It had nothing in common with the doleritic

formation of the Faro Islands. In the afternoon a
sounding was taken and the dredge lowered some five

geographical miles south-west of Jan Mayen. The depth
was only 263 fathoms. The dredge brought up lots of

stones and a rich fauna. The stones were mainly vol-

canic, but among them I found a piece of granite, one of
quartz, and of green chloritic schist. Here we bade adieu
to Jan Mayen ; the island was a long time out of sight,

covered by the always prevailing fog, and the next morn-
ing we obtained eight geographical miles farther south,
already 1,050 fathoms. Having sailed some ten geogra-
phical miles farther south we sounded again and found
1,004 fathoms and 0° C. at a depth of twenty fathoms.
This achieved, all sail was set and the course shaped
eastwards ; the water was let off the boiler in order to

get it cooled and cleaned. The next afternoon this was
finished and we started under steam eastwards and home-
wards. When we were under sail the wind was north-
west, but very feeble. The next day observations showed
that we had moved south-south-east instead of east—

a

proof of our being in the Polar current. The following
days we sailed in the finest weather eastwards, sounding
and taking observations of deep-sea temperatures. C)n

the morning of the 7th we had a depth of 2,005 fathoms.
The temperature of 0° C. was later found in a depth of

450 fathoms. In the afternoon of the 9th we sighted

land—the southern islands of Lofoten. Next day we
entered the Vestfjord, where we dredged on the nth, and
arrived at midnight at Bodo.

In Bodo Capt. Wille took absolute magnetical obser-
vations. On the 15th we steamed into the Salton-Fjord
and Skjerstad-Fjord, where we dredged and took tem-
perature soundings, which showed, by means of Negretti

and Zambra's thermometer, that the temperature was
constant (3°'3) from 90 fathoms to the bottom in 270
fathoms. On August 18 we went from Bodo, out in the
Vestfjord, and took a temperature series in the same
place where we had been on June 22. The result was
that the temperature had still its minimum in sixty

fathoms, but it was now in this depth 4°7, and at the
bottom, in 140 fathoms, 5°'8. The whole mass of the

lower water had consequently had its temperature raised

as much as 1° C. The cause of this singular distribu-

tion of temperature so late in summer is inexplicable to

me. This was our last operation this year. The course was
shaped southwards, and on August 23 we arrived at

Bergen, where the ship was paid off and the members of
the scientific staff returned to their homes.
The expedition has this year been favoured with the

best weather. Nothing has prevented the work from
being carried on day and night, and the results obtained
are therefore very extensive compared with last year.

The accompanying small chart shows in broad features

the results of the soundings, combined with those of the

Swedish expeditions to Spitzbergen and those of the Bull-

dog, Poiiupuu', and J'alonu/s expeditions. The shaded
line shows the boundary line at the sea-bottom between
the ice-cold water of the Polar Sea and the warmer water
of the Atlantic, as far as our observations hitherto have
determined it.

Next year the expedition will work up the region

between North Cape, Jan Mayen, and the north of Spitz-

bergen, and possibly make a trip eastwards in the direc-

tion of Novaya Semlya, in order to determine the site of
the isothermal line of 0° C. at the sea-bottom, which may
be regarded as the hmiting line for the wanderings of the
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masses of cod, the object of the great winter and spring
fisheries of Northern Norway. For this expedition the
Norwegian Storthing has already voted the necessary
sum of money. H. IVIOHN

NOTES
The communications from Mr. Stanley in the Telc^-aph of

Thursday and Monday last, though containing few positive

additions to our knowledge, are full of interest ; the episode on

the arrival of the starved and wretched party at Ni Sanda is

quite thrilling. Notwithstanding the number of cataracts and

rapids on the Lualaba—Congo,|Stanley maintains it is well fitted

to become a great commercial highway—2,000 miles of uninter-

rupted water communication, opening up an extent of country

embracing 600,000 square miles. North of the equator it

receives a tributary 2,000 yards wide at its mouth, coming from

a little north of east, and which, according to our present imper-

fect knowledge, is likely enough to be the Welle. Mr. Stanley

speaks of the "infamous inaccuracy " of our present charts of

West Africa, an inaccuracy which cost him the lives of many
of his men, but which, no doubt, he will be able to correct.

Three of Stanley's letters are dated from Nyangwe, and were

written about a year ago. In them he speaks in the strongest

language of the manner in which the slave-trade is carried on in

that region, describes the wonderful forest scenery of the country

between Tanganyika and Nyangwe, and gives some tender

reminiscences of Livingstone preserved among the people, among

whom the great traveller sojourned for so long. Mr. Stanley

also endeavours to clear up the geography of the region between

the Victoria, the Albeit, and Tanganyika, showing that the most

erroneous and confused ideas on the subject had been accepted

mainly on the reports of natives to Sir Samuel Baker. No one

now believes that the Tanganyika is connected with the Albert

Nyanza, and, indeed, as Stanley suspects himself, he is, in

refuting this notion, slaying the slain. From the little foretaste

given us in these preliminary letters, there is no doubt that there

is a rich feast in store for us of new and valuable information,

and of adventure scarcely paralleled in the history of geographical

exploration.

The last number of the Bulletin of the Belgian Academy of

Sciences contains details as to the plans of the Belgian expedi-

tion for the exploration of Central Africa, which is to leave

Europe in the course of this month. Dr. Maes, of Hasselt,

will accompany the expedition as surgeon and naturalist. The

first Belgian station in Central Africa will be placed under the

arrangement of Capt. Crespel, with whom Lieut. Cambier and

Dr. Maes will be joined. The travellers will start for Zanzibar,

and thence reach Lake Tanganyika, where it will be definitely

settled whether a station be founded on the shores of the lake,

or, a simple depot being left there, the station be fixed at

Nyangwe, or elsewhere in Manyuema. The Tanganyika, or

Manyuema, or Unyamwesi will become a basis for further scien-

tific exploration ; and agriculture will be carried on on the spot

for the purpose of enabhng the expedition to exist on its own

resources.

We would draw the attention of those of our readers who are

interested in tlie matter to the announcement in our advertising

columns with reference to the next distribution of the Govern-

ment grant of 4,000/. Applications should be forwarded to the

secretaries of the Royal Society before December 31.

Vol. VII. of the Royal Society's Catalogue of Scientific

papers will be out in a few days.

The Ganh-iur's Chronuie hears that Signor Beccari is likely

to succeed Prof. Parlatore as Director of the Herbarium and

Botanic Garden at Florence, if, arrangements can be made for

some otherProfessor to undertake the duties of lecturmg.

The death is announced, on September 30, at the age of

sixty-five, of Major-General Eardley-Wilmot, F.R.S., formerly
chairman of the Council of the Society of Arts. At one time

he was Director of Gun Factories at Woolwich, served on many
Government committees on military matters, and was frequently

consulted on scientific and educational subjects connected with
the army.

The Lords of the Admiralty have ordered that sets of the

photographs taken during the Arctic Expedition of 1S75-76
shall be presented to the British Museum, the South Kensington

Museum, the United Service Institution, the Royal Artillery

Institution at Woolwich, the Royal Engineer Institution at

Chatham, and other Government or official institutions. Fifty

s;ts only are to be prepared, and they will all be identical with

the collection now on view at the Photographic Society's

Exhibition, Pall Mall.

About eighty of the leading geologists'of Germany assembled

together in the annual meeting of the Deutsche geologische

Gesellschaft, at Vienna, on September 27. Baron von Ilauer,

of Vienna, Herr Beyrich, of Berlin, and Prof. Giimbl, of Munich,

presided over the three sessions which took place. Among the

addresses were— " The Geological Constitution of the Harz,"

by Dr. Lossen, of Berlin ;
" The Fauna in the Older Deposits

of the Harz and the Geological Position of the Hercynian

Formation," by Dr. Kayser, of Berlin ; " Phylogenetic Inves-

tigations in Phyto-paleontology," by Baron v. Ettinghausen

of Graz, &c. Prof. Neumayr, of Vienna, gave an interesting

report of his late trip through [Greece, and exhibited the

geological chart of North Greece, Thessaly, and Chalcis, based

on his recent investigations.

The administration of the Paris National Library inaugurated

last Saturday a valuable addition to its internal machinery. A
small pneumatic tube has been constructed to all parts of the

building for conveying notes from readers asking for books.

The new buildings erected on the site of the old lecture-room

will be ready in a fortnight, and opened for public inspection.

The space available for library purposes will be more than

doubled by this addition.

The earthquake of Monday week, to which we referred in

our last number, extended from the Lago di Garda to Dijon,

and from Strasburg to Grenoble.

The French Society of Hygiene has just held its first monthly

meeting at the Hotel de la Societe d'Encouragement, under the

presidency of M. Chevalier, the eminent hygienist. M. Pietra

Santa, the secretary, announced that the number of registered

members of the new institution, modelled on the English pattern,

amounted to more than 300. A letter from the Sanitary Institute

announced that the Societe d'Hygiene had taken a diploma of

honour at the Leamington Exhibition.

The Manchester Scientific Students' Association commenced
its winter session yesterday, when a paper was read by Mr.

Thomas Harrison, F.C.S., on " The Unity of the Senses," with

experiments. Other papers to be read are by Mr. J. Plant,

F.G.S., on "Silica;" Mr. William Gee, on "Telephones;"

Mr. M. Stirrup, F.G.S., Notes on Auvergne—Puy-de-Dume

—

Extinct Volcanoes ; Mr. E. P. Quin, on " Vertebrate and Inver-

tebrate Animals ;" Mr. Robt. E. Holding, on a visit to the

Zoological Society's Gardens, London ; giving a description of

some remarkable Animals and Birds—illustrated by diagrams

from life ; Mr. Geo. C. Yates, F.S. A., on "A Ramble amongst

the Dolmens of the Morbihan."

The annual Convirsa-Jone of the Whitehaven Scientific

Association took place at the Town Hall of that town on October

9, when the president, Mr. R. Russell, C.E., F.G.S., delivered
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the annual address",before a large gathering. A practical exhi-

bition of the telephone as well as an extensive display of late

scientific inventions andobjects illustrative of the natural history of

the district, rendered the entertainment pleasant and profitable.

The programme of the session for the next six months offeis

an attractive list of lectures, including a series of six from the

president on Geology; six from Mr. A. Kitchin, F.G.S., on

Light and Spectrum Analysis, and single lectures by fourteen

other gentlemen. Among the titles we notice The Chalk, its

Origin, Characteristics, and Scenery ; How an Animal is Built

Up : Flowers, their Shapes, Perfumes, and Colours ; &c., &c.

The Association is in a flourishing financial condition, owning a

house of its own, and is not only popular but succeeds in infusing

a healthful love for science into the district about. A library, a
j

museum, and frequent field-days in the picturesque and geolo-

gically interesting neighbourhood, evidence the activity of the

Society.

The European Bureau of Longitude held its annual conference

at Stuttgart, September 27, General Ibannez, of Spain, pre-

siding. Representatives were in attendance from Austria,

Bavaria, Belgium, France, Hesse, Italy, Norway, Prussia,

Saxony, Switzerland, Spain, and Wiirtemberg. Gen. Baeyer,

of Prussia, was elected president for the coming year.

At the meeting of the German Anthropological Society at

Constance on September 24, Prof, von Virchow described the

results obtained by him in his researches on the^colour of eyes,

hair, and skin of German school-children, and to which we have

already referred. lie examined no less than 2,114,153 children.

In the whole of North Germany the fair, blue-eyed type with

light skin is prevalent. In Mid-Germany the darker individuals

become more numerous and reach their maximum frequency at

the south-west and south-east corners. The passages from

one type to another in a geograpiiical sense are perfectly

gradual. Upper Bavaria and Alsace are the extremes, be.

tween wichh the fairer type reaches southwards-like a wedge.

At the same meeting Dr. Gross, of Neuveville, on the Lake
of Biel (Switzerland), exhibited a number of objects dating from

the lake dwellings of the earlier stone period, amongst which

some hatchets made of nephrite, a mineral now only found in

China, were of special interest. Prof. Desor expressed his opinion

that these relics were originally brought from Asia by the lake

inhabitants ; he believed it quite possible that they may have

carried their vaiualjles with them, and this hypothesis would
explain the raiity of nephrite hatchets. A keen discussion was

raised with regard to the discoveries in the Thayingen cave. It

will be remembered that Ilerren Merk and Messikommer had

found several bones from the prehistoric reindeer upon which

diawings of animals were carved, besides a rough piece of

sculpture representing the head of a musk buffalo. These

objects are now in the Rofgarten collection, and many naturalists

had believed them to be mere imitations. The result of the

discussion, proved them to be perfectly genuine. This, how-
ever, is not the case with other pieces sent to France and
England, and said to have been found at the same place.

A SPECIAL division of the Paris International Exhibition will

be devoted to electiicity, so that all the systems of electric

lighting may be tested comparatively. Tlie electric light con-

tinues to create the greatest interest in Paris. The experiments

which we mentioned some lime ago have been conducted during

forty consecutive days at the Lyons railway station. A force

of about 40 horse-power is sufficient to keep going twenty-eight

electric lamps, each of which gives a light equal to eighty gas

lamps, and works with regularity for ten and a-half hours. The
effect is splendid, the whole of the station, except the waiting-

room, being lighted a gioruc. The question of economy, how-
ever, is not yet settled. It is not known whether the company

will agree to pay a somewhat higher price in order to multiply

the power of its illumination. These experiments have been

tried on Lontain's system, a modification of Wilde's and Siemens'

jirinciple. M. Lontain has contrived to send the current

generated by an ordinary Wilde's machine into an electro-

magnetic engine called a distributor. The central part being

strongly magnetised by the current from a Wilde's machine, a

number of electro-magnets are influenced by its rapid rotation,

and in each of these an induction-current is generated. These

induction-currents are powerful enough to feed three electric

lamps, and as there are two series of twelve magnets a single

machine could, theoretically, feed seventy-two lamps. Actually,

however, it feeds only twenty-eight. Lontain uses a new regu-

lator, which works very well by the dilatation of a small silver

wire. By its dilatation this part of the apparatus woiks a lever

system, and brings the carbon electrodes into contact. The

French Northern Railway has purchased a number of Gramme
magneto-electric machines. They intend to use them at their

goods terminus and stores.

Among works of scientific .
interest announced for pub-

lication during the coming season we note the following :

—

Messrs. Macmillan and Co. are about to publish a new work

by Prof. Clifford, F.K.S., " Elements of Dynamics ; an Intro-

duction to the Study of Motion and Rest in Solid and Fluid

Bodies." This book is intended for engineers and students of

physical science who are unable or unwilling to devote much

time to mathematics. Its method consists in making use of the

simpler ideas of motion to teach so much of mathematical pro-

cesses as is required for understanding the more advanced parts.

Also, by the same publishers, "An Elementary Treatise on

Spherical Harmonies, and Subjects connected with them," by

the Rev. N. M. Ferrers, M.A., F.R.S. Messrs. Longmans
have just published of the London Science Class-Books Series,

"Astronomy," by Dr. Ball, and "Thermodynamics," by Dr.

Wormell. Other volumes to follow are "Algebra," by Prof.

Henrici ; "Botany," by Prof. McNab ; "Biology," by Prof.

Mq.Kendrick ; and "Zoology," by Prof. McAlister. Messrs.

Chapman and Hall promise two new volumes of " The Hbrarj' of

Contemporary Science"—"Biology," by Dr. Charles Letourneau

and "Anthropology," by Dr. Topinard. Messrs. Triibnerand Co.

announce: " The Epoch of the Mammoth and the Apparition

of M.an upon the Eartli," by James Southall ; "The Purthian

Coinage," by Percy Gardner, M.A., and " The Ancient Coins

and Measures of Ceylon," by T. W. Rhys Davids, being Parts

5 and 6 of " The Intern.ational Numismata Oiientalia ;" "The
Birds of Cornwall," by Edward Hearle Rodd ; "The Barents

Relics," by C. L. W. Gardner; " Chemistry in the Brewing

Room," by C. H. Piesse ;
" Origin and Migrations of the Poly-

nesian Race," by Abraham Fomander, Circuit Judge of the

IsUnd of Maui; "Dr. Beke's Discoveries of Sinai," by Mrs.

Beke ; "A Statistical Account of Bengal," by Dr. Hunter.

Mr. Stanford premises: "Africa," edited by Keith Johnston,

being the first volume of "Stanford's Compendium of Geography

and Travel," a work founded on Ilellwald's "Die Erde und

ihre Volker ;" other volumes to follow "Africa " will be "Europe,"

by Prof. A. C. Ramsay, "North America," by Dr. F. V.

Hayden, and " South America," by Mr. H. W. Bates ; "Fifteen

Thousand Miles on the Amazon and its Tributaries," by C.

Barrington Brown and William Lidstone; " The Physical Geo-
graphy and Geology of Ireland," by Edward Hull ; an English

edition of M. De Fonvielle's " Aventures Aeriennes." Messrs.

Kegan Paul and Co., successors to Messrs. H. S. King and Co.,

promise " Hygiene and the Laws of Health," by Prof. Corfield ;

and of the International Series, "Studies in Spectrum Analysis,"

by J. Norman Lockytr, F.R.S. ; "The Physical Geography of

the Sea," by Dr. W. B. Carpenter, F.R.S., "The First Prin-

ciples of the Exact Sciences," by Prof. Cliflbrd, F.R.S., and
" The Brain as an Organ of Mind," by Dr. Charlton Bastian,



Ocl. 18, 1877] NATURE 531

K. R. S. Messrs. Blackie will publish a new edition of Thompson's
" Gardener's Assistant, Practical and Scientific," revised and

xtended by' Thomas Moore, F.L.S., Curator of the Chelsea,

Botanic Gardens, &c., assisted by several eminent practical gar-

deners ; also " Upper Egypt, its People and its Products," a

descriptive account of the manners, customs, superstitions, and

occupations of the people of the Nile Valley, the Desert, and

the Red Sea Coast, with sketches of the natural history and

eology, by C. B. Klunzinger, JI.D., formerly Egyptian Sanitary-

Physician at Koseir on the Red Sea. Mr. Jlaclehose, of Glasgow,

announces: "Outlines of Physiology," by Prof. McKendrick
;

Messrs. Collins: "Building Construction," by R. Scott Brown
;

"Machine Construction," by E. Tomkins ; and "Mineralogy,"

by J. II. Colhns, in their Advanced School Series.

In a paper in the Jciirnal de Physique, on the spectrum of the

electiic spark, by M. Cazin, the author concludes that the

electric spark in a gas contains incandescent gas particles, which

give a bright line spectrum, and solid and liquid particles which

produce the contin^ious spectrum, the former coming from the

gaseous medium and the electrodes, the others from the electrodes

and the sides near the spark. If the pressure increases, the

solid or liquid particles become more abundant, and their con-

tinuous spectrum predominates; at last this makes it impossible

to distinguish the bright gas lines, or, in other ^^'ords, the latter,

while the pressure increases, seems to dilate, and eventually flow

together into one continuous spectrum. By making photographs

of the spectra M. Cazin found his views confirmed. Of the

nitrogen spectrum at ordinary pressure he photographed si.\ty-

two lines, using nine cells in the battery giving the spark.

Herr J. Stei'AN has lately communicated the results of some

interesting researches to the Vienna Academy of Sciences,

relaiing to the heat-conducting power of several substances.

The conducting power of copper being taken as unity, he found

that of iron to be 0"i7, ice o'oo57, gUss O'ooi6, water O'ooi5,

hydrogen O'ooo39, hard india-rubber o '00026, and air o '00005 5.

In a recent communication to the Vienna Academy M.
Ciamician discusses the spectra of chemical elements and their

compounds. He finds, in agreement with Lockyer, that the

compound spectra, as well as those of the first order of the

elements, consist exclusively of bands ; and further, that band-

spectra belong to molecules and molecular groups, line-spectra

to free atom.'. From a comparison of the spectra of thirty-one

elements he draws these conclusions : I. The spectral lines of

chemically-allied elements correspond to each other either

individually or group-wise, so that each natural group of elements

has its own spectrum, which, in the individual members of the

group, is different only in that the homologous lines are displaced

towards the one or the other end of the spectrum, i.e., increase

or decrease in wave-length, and that certain lines or line-groups

disappear, 2. Tlie increase or decrease of wavelengths of

homologous lines in chemically-allied elements depends on the

intensity of their chemical vis viva, a greater wave-length cor-

responding to a greater chemical vis viva of the particular

element.

Although for years there has been no scarcity in France

through drought, still the want of irrigation is much/elt almost

every summer in the departments of the Mediterranean region.

The French Government is about to take measures which might

serve as a hint to the Indian Government. A project is being

considered for taking advantage of the waters of the Rhone to

irrigate systematically that large and already fruitful country.

It is impossible to foresee what wonderful changes may result

from sue h a scheme, which it is contenoplated to bring into

speedy execution.

The Annual Report of the Queensland Philosophical Society,

1877, just received, is a satisfactory one. It contains the address

of the president. Sir James Cockle, on some of the aspects of

the evolution theory.

The second volume, for 1S77, of Dr. Emilio Huelin's

" Cronicon cientifico popular," has just been published at

Madrid. In a recent'number we gave a short notice of the first

volume. The second volume is in every respect equal to the

first.

The additions to the Zoological Society's Gardens during the

past week include two Bonnet Monkeys (Macaciis radiatus) from

India, presented by Mr. T. Golding and Miss Ward ; a Layard's

Flying Squirrel (Sciiiroptcrus layardi) from Ceylon, presented by
Sir Charles Peter Layard ; a Brown Coati (Nasua 7iasica) from

South America, presented by Dr. G. P. Best ; a River Jack

Yi^ex(Vi/!eiai-hinoceros)hoTaVieit Africa, presented by Mr.

I. J. Kendall ; two Red Kangaroos (Macroptis rufus) from

Australia, four Chinese Turtle Doves (Turtur chiiiensis) from

Java, deposited; a large-billed Crow {Corviis culminatiis) from

India, purchased ; a Vulpine Phal anger (Phaloiigista vul/ina),

born in the Gardens.

THE LIMITS OF NATURAL KNOWLEDGE^
"TPHE subject of my address was excellently treated at the
* Leipzig meeting in 1S72, by Prof. Du Bois Reymond. If

I take up the same matter again, I do so because I would con-

sider it from a somewhat different and more universal point of

view.

I shall also depart from the form and language in which the

subject has hitherto been frequently treated. In its generality

the theme easily induces the speaker to make excursions into the

philosophical domain and to adopt the corresponding manner of

expressing himself. I shall use words only of the simplest and
clearest description, and I shall not suppose my heaiers possessed

of anything but a knowledge of the most elementary phenomena
in the various domains of nature. In general matters expression

is all the simpler and the more intelligible the closer our ideas

approach clearness, and, at the same time, truth. I think it

advisable, before entering upon the subject itself, to mention
shortly the different ways in which the question of the limits of

natural knowledge is generally conceived and answered by
naturalists.

Amongst the so-called practical scientific men (Praktiker) the

view is widely spread that a certain and lasting knowledge and
understanding of natural phenomena is, on the whole, impos-

sible. They know that hitherto their systems and opinions have
not been permanent, and think that scientific theories generally

are only attempts to approach the inaccessible reality, attempts

which change their tenor and expression with the views of the

time. This is evidently not a view based on principles, but only

despair caused by failure, the necessary consequence of wrong
method and of scientific incapacity.

The practical scientific man relies upon his experience, as he
says. This, however, is gained in the following manner :—Each
natural phenomenon is accompanied by different and often

numerous causes and other circumstances. It is the task of the

investigator to find out what are the effects of each one of these

causes and circumstances ; and this task cannot, in most cases,

be accomplished by mere observation. The practical man then

selects some cause or circumstance which happens to appear

conspicuous to him, and in this he finds the fundamental cause

of the phenomenon. This he calls his experience. We there-

fore understand how these practical men may hold different

opinions upon the same phenomenon, why their views bear the

stamp of the scientific epoch, and wliy in course of time they

change. We also understand why the theories based on so-called

experience are most fertile in those domains where phenomena
are most complicated, as in organic morphology, in physiology,

and pathology.

' Address defivered .it iht Munich meeting of the German Associa-

tion, by Prof. C. von Niigcli, of Munich. (The author, in a note to the

German original, remarks that this lecture had to replace another in the

programme, which had been promised by Prof. Tschermak, of Vienna. At
the eleventh hour Prof. Tschermak announced his inability to attend the

Munich meeting, and ihe author was requested by the secretaries to fill the

gap thus occasioned. The address therefore, the author slates, beats the

stamp of its hasty origin, as it was written during a journey in the Alps,

when there was neither sufficient leisure nor opportunity for careful and
ehiborate work.)
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The pioblein 0/ a natural phenomenon is an algebraic equation

with many unknown factors. The practical man looks at the

equation and tries to solve it, substituting for one or the other

unknown factor a generally large and decisive value ; the proof

of correctness he docs not attempt. It is easy to see that

in this manner the solution—and with it the true underi'-snding

—will certainly not be attained in all eternity.

The solution of an equation with many unknown factors

is only possible if just as many equations can be obtained as

there are unknown factors, and if tlie same unknown factors are

contained in all. As this is generally impossible [with natural

phenomena we try to get equations in which there is only one

unknown factor. This is done by scimtific experiment (not by
the so-called experiment of these practical men) in which all

unknown factors are removed save one, and by which the value

and effect of this one can be securely determined.

For a long time physics has adopted this way of scien-

tific experiment. Physiology has only recently recognised it in

a more general manner as the only correct one. It is true that

by this tedious and time-devouring but yet exclusively safe

and progressive method we do not erect large edifices of sys-

tems which are only fated to fall to pieces again shortly, but

we gain simple facts, perhaps insignificant by themselves, but

v/hich retain their value for ever and enable us to find new
facts. Thus the stock of recognised facts increases slowly but

securely. A snail which takes the straight road for its goal
progresses, while a grasshopper, with its bounds in all directions,

remains always on the same spot. Thus scientific investigation

proves to the empirics by facts, that by the exact method certain

and permanent knowledge of natural phenomena may be gained.

Many methodical investigators who by the exact method
augment the stock of permanent facts, when asked for the limits

of natural knowledge, an A thinking a solution based upon
principles inadmissible, simply reply, "Belief always begnis
where knowledge ceases." In saying so the course of their

thoughts runs thus : Humanity faces the totality of nature. Its

insight constantly masters new domains by dint of meditation
and investigation. Thus, for example, in the present time we
have progresssed much further in the knowledge of nature than
was the case during the middle ages and antiquity, and Euro-
pean civilisation is far ahead of that of the rest of humanity.
With progressing mental work the empire of knowledge always
increases in extent, and the domain where we must be satisfied

witli belief decreases as constantly.

This conception has an undeniable value in a certain regard.
It gives us a measure of the height which scientific natural
knowledge had generally attained in every century, and at the
same time a special measure for the different human races and
nations, lor the different classes in a nation, and finally for every
single individual. Considerations of this nature have as much
scientific interest to the historian and anthropologist, as practical
interest to the theoloyist, the politician, and a number of others.
The phrase that belief begins where knowledge ceases is an

actual sohition of the question for certain ends. Eut with this
our interest is not s-atisfied. We turn to the theoretical part
of ihe problem with special sympathy. We wish to know
whether the limit where human knowledge must stop can be
determined at all or not—if yes, hoiv far our understanding may
penetrate into nature, how much humanity may scientifically
understand of nature, if during an immeasurable period, let us
say at once during eternity, it is occupied with natural inves-
tigations, assisted by all imaginable means— what are the
boundaries, therefore, which the scientific understanding of
nature can never and under no conditions overstep ? what is

the fundamental limit between the empire of knowledge and
that of belief?

_
This question deseives all the more to be seriously investigated

since it is well known that from two opposed sides the absolute
pjwer of the human mind over na:ure is claimed with complete
certainty—with decreasing energy by the natural philosophers,
with increasing energy by materialists. The former think they
can construct lormal nature out of herself, and natural know-
ledge for them only consists in finding fthe concrete natural phe-
nomena for the constructed abstract ideas, where, of course,
they can in no point be freed from the self-deception that they
construct the ideas according to conceptions by the senses
instead of out of themselves. The latter admit only force and
matter in lime and space ; and that man, who is built up of
matter and force, shall master nature, which is built up of the
same factors, stems to them a reasonable idea. Loth, natural
philosophers as well as materialist , raise man to 0, flattering

h'-ighf, with regard tj his own consciousness and pride; they
declare him lord of the world, not the real lord who makes the
world, it is true, but yet the imaginary lord, who understands
the work of the real lord. Can we lay cliim with good reason
this eminent position ?

Many have often tried to answer this question from different

points of view
;
perhaps one of the best replies was given by

my predecessor in this assembly. Prof. Du Bois Reymond, in his

much-talked-of and often misunderstood address, "On the Limits
of Natural Knowledge." I shall only consider this latter reply,

which, in an intellectual manner and in rich, poetical language,

adoins and covers the gems of thought with the most beautiful

flowers of speech. It would have been useful, and would have
shov.'n the right way to many a one who cannot so easily get at

the kernel through the shell, if result and proof had been
comprised in a few short phrases.

The speaker, like the conqueror of a world in the olden times

on a day of rest, wishes to point out clearly the true limits of

the immeasurable empire which world-conquering natural science

has subjected to its understanding, and arrives at the following;

three conclusions :— I. Natural knowledge, or understanding, is

the reduction of a natural phenomenon to the mechanics of

s'mple and indivisible atoms. 2. There are no atoms of this

description, and therefore there is no real understanding.

3. Even if we could understand the world through the mechanics
of atoms, we could nevertheless not understand sensation and
consciousness through it.

General understanding would no doubt have been facilitated

considerably if these results had not been introduced as the

limits of natural knowledge, but as the impossibility and futility

of natural knowledge. Because, since the speaker does

not go beyond this negation, investigating natural science cannot
define the limits of a domain which she does not even possess

—

and if she is even deprived for ever of all insight into material

phenomena, it can hardly matter to her, as a deposed potentate,

whether or not she might claim the spiritual domiin, in case of

a supposed accession to power.

We may perfectly agree with Du Bois Reymond's thoughts,

and yet be convinced that they are not complete and all-com-

prising enough to define na'ural knowledge in all directions, that

in their incompleteness they lead to false deductions wdiich

contradict our natural scientific conscience, and that it is

desirable to treat this question not only on the negative side, but

to examine whether the human mind is not capable of natural

knowledge, of what nature this knowledge is, and what is its

e:<tent.

The solution of the question ; In what way and how far may
I know and understand nature? is evidently determined by three

dilTertnt things, viz., by the answers to three questions;—^(i)

The condition and capacity of the Ego
; (2) the condition and

accessibility of nature ; and (3) the demands which we make
of knowledge. Subject, object, and copula therefore partici-

pate in the solution. A separation of this kind may perhaps be
thought supeifluous, perhaps even inadmissible, because it may
be said that the understanding of the object by the subject is an
indivisible process. And yet it is correct, because consideration

gives prominence now to the one and now to the other factor,

and it is also useful, because it requires exhaustive treatment.

The difficulties which are in the way of knowledge with regard

to the suliject or object, are even most conspicuous if we entirely

remove one of the two factors by supposing that it offers no
difficulties at all. With regard to the capacity of the Ego to

understand the phenomena of nature, the undoubted fact is

decisive, that our power of thinking, in whatever condition it may
be, only gives us nature as we perceive her by our five senses.

If we could not see nor hear anything, nor smell, taste, nor
touch anything, we would not know at all that there is anything
besides ourselves, nor indeed that we are in bodily existence

ourselves.

The condition with regard to ths correctness of our concep-
tions therefore always exists—that our external and internal

senses report correctly. Our knowledge is only correct in so
far as observation by the senses and internal perception (die

innerc Vcnnil/duiii;) ats correct. But an infinitely great proba-
bility exists that both, after all, lead us to objective truth,

because the errors committed by the single individual or by all,

are finally always recognised and proved as such, and because
natural science, the further it progresses, knows how to remove
more and more all apparent contradictions, and how to make
all observations agree amongst themselves.

If we remain satisfied in this direction, the question arises,
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to what extent and in what fulness the senses acquaint us with

natural phenomena. With regard to the extent we need only

point out the boundaries in order to make them perfectly clear

to everybody. In time only the present and in spice only

that which belongs to our own circumstances is accessible to

us. We cannot directly perceive anything of what happened

in the past, and of what will be in the future, and nothing that

is too distant in space, or that is of too large or too small

dimensions.

With regard to the completeness of sensual ferceptions there is

another boundary which is generally not thought of, and upon

which I must enter a litile more in detail. Scientific analysis

shows the following :—In the totality of force-endowed matter,

which we call world, each particle of matter by all its inherent

forces is in relation with all others ; it is influenced by all,

and in its turn acts upon all, of course according to distances.

A conglomeration of particles of course behaves like a single par-

ticle ; the effect which it causes and receives is the total of the

effects of all single particles. The crystal, the plant, the animal,

man are acted upon by the presence of all ma'eriil particles, of

each single one by itself and of each conglomeration of particles,

and this with reference to all forces which are inherent in them,

and consequently with reference to all movements which they

perform. But these effects in the infinite majority of cases are so

insignificant that they may be neglected as quite imperceptible.

The thcordkcil possibility therefore exists that the human
organism may obtain bodily perceptions of all phenomena in

nature. But how is this matter in rcaliiy .' What impressions

are so powerful that they become perceptible to us, and which

of them are lost, being too insignificant? Amongst the beings

known to us, man and the higher animals have the advantage,

that certain parts have developed themselves into organs of sensa-

tion, which are extremely sensitive for certain natural pheno-

mena. Thfse organs of sensation, in the course of numerous
and successive species and of innumerable generations within

each single species, have been developed from the smallest

beginnings to high degrees of perfection.

The ingenious idea of Darwin that in organic nature only

such arrangements at'.ained full development which were useful

to the individual bearer, is so simple, so reasonable, and agrees

so well with all experience, that physiologists, who alone are

competent to decide here, cgree with him perfectly, and are

greatly astonished, that a Columbus shcukl not long ago have

placed this physiological egg upon its point.

The degree of perfection which each orgm of sensation has

attained in development therefore corresponds exactly to the

requirements, and there is not one in which the human organibin

is not far surpassed by some animal species, if to the latter the

extraordinary fineness of sorr.e particular sensual perception

became a condition of its existence. But according tj this boih

the human and animal organisms have only dsvelopei organs

of sensUion for such external influences as bear upon their

existence in a favourable or unfavourable sense.

We are endowed, for instance, with great sensitiveness for

temperature ; it is necessary for our existence, otherwise we
might perish through cold or heat without knowing it. We are

very sensitive towards light ; it acquaints us in the best and
quickeit manner with all objects which surround us and which

may be useful or dangerous to us. On the other hand we are

not organised to perceive the electricity which surrounds us.

While we perceive the increase or decrease of heat and light,

we do not know whether the air in which we breathe contains

free electricity or not, whether this electricity is positive or nega-

tive. If we touch a telegraph wire we cannot feel whether its

particles are electrically at rest or in motion.

It was of no use that the sense for electricity shouM be de-

veloped particularly in man and the higher animals, because it is

immaterial for the species whether every yearsome individuals were

killed by lightning or not. If this danger were daily to threaten .all

individuals, the sense for electricity which the lowest animals pos-

sess in its tirst beginnings in the same degree as they possess those

for light and heat, would necessarily have developed itself further.

We would then perceive by a special organ of sensation the

vicinity of a substance in electric tension and be able to escipe

the stroke of lightning. We would perceive small changes in

the electric state and weak electric currents in our vicinity, and

also be able to peer into the secrets of the telegrapli wire. Tlie

want of such an organ might easily have been the cause of our

total ignorance of electricity. We can very well imagine the

atmosphere of the earth without lightning and ihunder. These

great electric discharges have helped us to the knowledge oi

electricity. If accidentally they hid not happened, if, more-

over, some quite accidental experiences which revealed an

altra:tive and repulsive force generated by friction had not been

made, we very probably would have had no idea of electricity, no

idea of that force which doubtless plays the greatest part in

organic and inorganic nature, which materially affects chemical

affinity, which in all molecular motions in organised beings

acts perhaps more decisively than any other force, and of which

with regard to still mysterious physiological and chemical

phenomena we expect the most important explanations.

Our senses are indeed only organised fir the requirements

of our bodily existence but not to satisfy our intellectual

cravings,—to acquaint us with all phenomena of nrture and
explain them as well. If at the same time t'ley perform this

function it is only incidentally. We therefore cannot rely upon

our sensual perceptions acquainting us with n// phenomena of

nature. Just as in the case of electric phenomena, which occur

in every material particle, we have, as it were, learnt something

only accidentally, it is easily possible, indeed very probable, that

there are still other natural forces, other forms 'of molecular

motion, of which we obtain no sensual impressions, because

they never unite to any remarkable outcome, and therefore

remain hidden to us.

Our power of perceiving nature directly by our senses is there-

fore veiy confined in two aspects. On the one hand we are

probably deficient of the power of sensation for who'e domains

of natural life, and on the other, as far as we really have this

pov/erit is confined in time and soace to an insignificantly small

part of the whole.

It is true that our natural knowledge is not confined to what

we perceive with our senses. By conclusions we may also obtain

knowledge of what our senses do not reach. The farthest planet

of our solar system, Neptune, was known by calculation with

regard to its position, its size and weight, before astronomers

had discovered it with the telescope. We know, although we
cannot see it with the best microscopes, that water consists of in-

finitesimal particles or molecules which are in motion, and if it is

sugar-water or salt-water, we know perfectly the proportionate

weight and the proportionate number of the water, sugar, and

salt particles of which it is composed.

By conclusions from facts which were recog.iised by the senses,

we arrive at facts equally certain v/hich can no longer be per-

ceived by the senses. We might therefore, perhaps, indulge in

the sanguine hope that starting from the small domain which is

opened to us by our senses, little by little the entire domain of

nature will be conquered by reason. But this hope can never

be fulfilled. As the effect of a natural force decreases with its

distance, the possibility of knowledge also decreases as the distance

in space and time increases. Of the condition, the composition

and the history of a fixed star of the least magnitule, of the organic

life upon its dark satellites, of the material and spiritual move-

ments in these organisms we shall never know anything. In the

same way the possibility decreases of discovering a siill unknown
natural force, a still unknown lorm of motion of the smallest

material particles, the less this force or motion possesses the

peculiaiity of accumulating and causing some collective effect.

We may consider ourselves fortunate if ever we obtaia only a

notion of such a force.

The confined capacity of the Ego therefore allows us only an

extremely fragmentary knowledge of the universe.

We now pass from the consideration of the subject to that of

the object, i.t., the condition and accessibility of nature. The
boundaries, which nature herself opposes to our knowledge, are

most evident if we adopt the hypothesis that man, on his side,

has the most perfect capacity for natural knowledge. This would

be the case if the obstacles of time and space did not exist for

him, if he could judge of every phenomenon in the past as vyell

as he can of everyone in the present ; if the most distant object

did not present more difficulty to him than one in his immediate

vicinity, and if he could as easily survey the Ingest systems of

fixed stars and the smallest atoms, as he can a body of his own
size ; it finally he were provided with senses so peifect that all

phenomena of nature, all forces and all forms of motion could be

perceived directly by him.

A human race, provided v/ith these perfections might perhaps

be enabled to try the solution of Laplace's problem. Laplace

says: "A mind, which for a given moment knew all forces

which are active in nature, and the respective positions of the

beings of which she consists, if it were comprehensive enough to

analyse these data —would unite in the same formula the motion

of the largest heavenly body and of the lightest atom. Nothing
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would be uncertain for it, and the future as well as the past

would be present to its gaze. The human mind, in the perfection

whxh it has been enabled to give to astronomy, offers a weak
reflection of a mind of this description."

But even a mind as universal as that supposed by Laplace

would not be able to solve the problem given. Because the

other supposition, of which Laplace does not speak, but from

which he starts unconsciously, is the finiteness of the world in all

directions, and this is not given. Tlie difficulty which nature

opposes to human knowledge is her endlessness, endlessness of

space and of time, and of everything which depends on this as

a necessary consequence.

In space nature is not only infinitely large ; she is endless.

The ray of light travels through some 190,000 miles in

one second ; to travel through the wliole known universe

of fixed stars it would require some twenty million years accord-

ing to a probable estimate. Let us place ourselves in thought at

the end of this immeasur.ible space, upon the farthest fixed star

known to us, then we would not lookout into empty space there,

but we would see a new starry firmiment. We would again believe

that we were in the middle of the universe, in the same way
as now the earth appears to us as the centre of the universe.

And thus we may in thought continue endlessly the flight from
the farthest fixed star to the farthest fixed star, and the actual

starry heavens we now see, compared to the universe, are alter

all still infinitely smaller than the smallest atom compared to the

starry heavens.

What applies to space applies equally to grouping in space,

to the composition, organisation, and individualisation of matter,

which is the object of descriptive and morphological natural

science. Everything we know consists of parts, and is in itself

part of a. bigger whole. The organism is composed of organs,

these of cells, and the cells of smaller elementary particles. If

we analyse further we soon get to chemical molecules and the

atoms of chemical elements. The latter certainly still resist

further subdivision at present, but we must nevertheless look
upon them as compound bodies on account of their properties.

Thus in thought we may continue sub-division further and end-
lessly. In reality no physical atoms in the strict sense of the

word can exist, no little particles which would really be indi-

visible. All size, indeed, is only relative ; the smallest body
in existence which we know, the particle of the light-and-heat

ether may be of any size we choose for our conception, even infi-

nitely large, if only we imagine ourselves to be sufficiently small

by the side of it. Just in the same way as indivisibility never
ceases, we must suppose, by analogy of what we find confirmed
in the whole domain of our experience, that the composition also

of individual particles separated from one another, continues
endlessly downwards. In like manner we are forced to sup-

pose an endless composition upwards in always larger, individual

groups. The heavenly badies are the molecules which unite in

groups of lower and higher orders, and the whole of our system
of fixed stars is only a molecular group in an infinitely larger

whole, which we must again suppose to be a unit (eiiiheitlichcr)

organism, and only a particle o( a still larger whole.
As space is endless in all directions, so time is endless on two

sides ; it has never begun and will never cease. The Bible says :

"In the beginning God created heaven and earth,'' and geologists

say: "Inthebegmning the world was a gaseous mass, from which
heavenly bodies formed by condensation." But this beginning
is only a relative one, the beyinning of a finiteness, and the
time which has passed since this beginning is only as a moment
compared to the eternity before.

From the union of time and space an empire of phenomena
results, which forms the contents of descriptive natural sciences

as well as of the other part of the investigation of nature, viz.,

the physical and physiological sciences. Matter, which fills

space, is not at rest but in motion, and as the material particles

act upon one another with different (attractive and repulsive)

forces, each body which moves causes the others to move as

well, or rather it changes their motions. It gives off a part of
its motion and of its potential energy to others, and these again
to others, and so on. This is the chain of cause and effect, also

an endless one,.as in our conception it neither could begin with
a first cause nor can finish with a last effect.

Nature is everywhere uninvestigable where she becomes endless
or eternal. We cannot, therefore, conceive her as a whole,

because a process of conceiving which has neither beginning nor
end, does not lead to conception. And this is the reason why
Laplace's problem is futile from the beginning. Of course we
are permitted to make any supposition we like, even one which

for some reason or other is impossible, but not one which is

unthinkable. But a formula is unthinkable for which we have
not even got the component factors, and which if these factors

were given, would never come to an end. The knowledge
of all forces, which is required for Laplace's formula, sup-
poses that the bodies are subdivided down to their last force-

endowed particles, and this is impossible on account of divisi-

bility being endless. The elements therefore are wanting, from
which we might compose the formula, viz., the simple natural
forces ; we cannot even begin with the setting of the formula
—and even if we could begin with it we could never come to an
end with it on account of the endlessness of the universe in space.

Du Bois Reymond has already mentioned the former endlessness

as an insuperable limit ; even if we could overstep it, the other

would still prove equally insuperable.

If indeed the foimula of Laplace comprised only the universe
known to our senses, or even one infinitely larger (but not one
really endless), and if we could introduce into this formula the
forces of the known chemical elements and of the supposed ether
particles, or even of much smaller material particles, then it

might perhaps suffice for long periods of time backwards and
forwaids from the present, particularly for the middle of the
system and for the greater phenomena. But on the one hand
disturbances from the circumference would at once necessarily

take place, and these would at last render the formula useless for

the middle als5 ; on the other hand, disturbances would begin
on each single point as well, and as they would increase

constantly, they would at last lead to perceptible inaccuracies,

because the supposed " atoms," are not real unities, and because
the resulting force, with which each single "atom," as a body
composed of separate particles, influences the totality, does not
remain a constant one, but with its varying surroundings assumes
at every moment an equally varying value. Anyhow, a lormula
of this kind would give us, as astronomical calculation really

does, a solution, correct within certain limits, a practical

solution, but not a fundamental one.

The investigator of nature must remember distinctly, that all

his investigations are confined by limits in all directions, that

on all sides uninvestigable eternity bids him categorically to stop.

The fact that this has not always been clearly recognised, that

particularly the Infinitely Large and the Infinitely Small have
been mixed up with Endlessness and Nothing, has led to several

erroneous conceptions. Amongst them are the theories of physi-
cal atoms in the one direction, and those of beginning and end
of the universe in the other. I will only speak of the latter.

It is supposedjthat the matter constituting the lieavenly bodies
was in the beginning distributed in a gaseous state ; and in this

Du Bois Reymond only finds one difficulty : if this matter, as

the theory demands, had been at rest and distributed equally,

he cannot find out whence motion and unequal distribution have
come.

Condensation of matter has now gone on for an infinite time,

i.e., since that supposed beginning, and the results are first

nebuUe, then burning-liquid drops, which cool down to dark
bodies. In the present we are upon one of these condensed,
and no longer incandescent world-drops. According to the
natural laws known to us, the still incandescent and the already
dark heavenly bodies must continue to. give off their store of heat
to universal space. By and by they must fall upon one another,

and even if then a local rise in temperature again takes place,

this after all only serves to accelerate the process of cooling on
the whole. At last all heavenly bodies will unite in a dark,

solid, icy mass, upon which there is no longer any motion nor
life.

This is the result of a correct physical consideration. It shows
us the desolate end of a present full of change and motion and
glowing with life and colour. But in reality this result is only
the cunscquence of our confined human insight ; it would only
be a logical necessity if we knew r^-erything, and therelore were
aUowed to use our knowledge for deductions with regard to the
beginning and end. But as we see only an infinitesimal part of
the universe, and possess only a fragmentary knowledge of the
forces and forms of motion in this infinitesimal part, our deduc-
tions backwards and forwards may perhaps for ceitain general

conditions be without perceptible error for billions of years, but
yet, with the lapse of greater periods of time, they must become
more uncertain, and eventually totally erroneous. We may
illustiate this particularly well with regard to the past.

What we are most certain of, with regard to the past, is the
incandescent state in which our earth was at one period, and from
this we draw the conclusion by analogy that the other planets of
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our system were incandescent bodies as well, jast as the sun is

still to-day. If we go backwards from these suns we get, by
further conclusions, to accumulated masses of clouds, the em-

brjos of the later suns, then to cloud-bells, and eventually to

the gaseous mass distributed tolerably uniformly, and this is

the original state beyond which, with our present insight, we
cannot get.

All this proves distinctly that just as upon the earth an eternal

change takes place, the heavens likewise are constantly changing.

Each change consists of a sum of motions, and supposes a former

change or sum of motions, from which it resulted with me-
chanic il necessity, and further Jon a chain of changes from all

eternity. Thus the gaseous state of our solar system must have

been preceded 'by a continuous endless series of changes,

and if our scientific insight does not lead us to this, does not

even justify us in this supposition, it thus proves only its own
inadequacy.

We must, on the contrary, conclude from the eternity of

changes in the universe that the whole process of development

of our solar system or of the whole starry heaven, from the

original gaseous mass, through the bill-shaped nebula:, fiery and
dark globes, to the cold, solid, and dense mass, is only one of the

numberless successive periods, and that analogous periods and
occurrences have preceded and will follow endlessly. It is true

that we perfectly understanJ, according to our present physical

knowledge, how a mass of gas in a state of progressing conden-

sation produces heat, and how the hot condensed mass again

gives oft' this heat until its temperature and that of its surround-

ings, in our case that of universal space, have become equal.

But we do not understand how the solid mass can again become
gaseous, and how the necessary heat, distributed m universal

space, can again be collected.

There is a gap in our knowledge at this point ; and we may
fill it by various suppositions. In the present state of almost com-
plete ignorance among physicists and chemists of the proper-

ties of chemical elements and of ether, it is possible that, with

stifficient condensation of matter and approach of its particles,

forces become active of which we have no idea at present, and
which may perhaps bring about an explosive dispersion of

the solid mass into a gaseous state. It is also possible that the

quantity of heat in the endless universe (not in our starry heaven)

is distributed unequally, and that there are domains in it which
are of a much higher, and others which are of a much lower,

temperature than our starry heaven ; that in the endless space of

the universe heat currents exist, similar to the air currents in our

atmosphere, and that we have perhaf s for some billions of years

been in one of these currents of lo.ver temperature, in which the

process of solidification continues on a large scale, just as on a

small scale it occurs on the earth's surface during north winds,

and that some hot current which sooner or later may pass through

our starry heaven miy again bring about a gaseous distribution

of matter.

This example shos-s that we may use our experiences of

the finite only for deductions within the finite. As soon as man
wishes to overstep this domain, which is opened to him by his

senses and which is accessible to his knowledge, and wants to

form some conception of the v/hole, he fall; into absurdities.

Either he leaves unconsidered what he has gained by experience

and meditation, and then he loses himself in arbitrary and empty
fancies ; or he proceeds logically from the laws fo the finite and
then he finally arrives at perfectly ridiculous consequences.

The example mentioned before may again serve to illustrate

this. The world known to us changes. If we follow these

changes according to the laws of causality, backward into the

past and forward into the future, and place ourselves upon the

before-mentioned physical stand-point of the nebular theory,

and adopt what is kno'.\n to us there as a measure, then we find

stages both in the past and the future which more and more
approach perfect rest, without ever reaching it altogether. But
if we assume a further point of view, and suppose that heavenly

bodies and systems of heavenly bodies arise ar.d perish without

end in the universe, then we find two possibdilies : either, accord-

ing to the materialistic conception, the suc.e-sive stages are of the

same value ; ot, according to the ptnlosophical conception, they

contmually change their relative value, becoming more perfect

every time, in which case the iniver.e woul 1 in the eternal past

nore and more apprcach absolute imperfection (therefore rest),

and in the eternal future absolute perfection (therefjre again rest).

All three conceptiuns aie equally irrational. The first (physical)

and the third (philosoph cal) let the world awaken from dead
rest and return to it. The second (materialistic) condemns it to

eternal rest, because a change which always repeats itself, means
for an eternity nothing else but rest.

With space we do not fare better than with time. We
naturally wish to imagine the universe as of finite extent in space

and thus make it accessible to our conception. But as the space

filled with matter can but everywhere be limited by more space

filled with matter, we arrive at the absurd deduction that the

world in its circumference is bordered by itself. But if we allow

infinity to universal space, and according to our ideas of space

it must be infinite, then heavenly bodies follow upon heavenly

bodies without end, in different sizes, different compositions, and
different stages of development. Now as size, composition, and
stages of development move within finite limits, the combi-

nations which are possible constitute of course, to our ideas,

an infinitely great, but yet not an endless number. If this

number is exhausted the same combinations must repeat them-

selves. We cannot deny this, even with the conviction that

centillions upon centillions of heavenly bodies or systems of

heavenly bodies would not suffice to complete the number of

possible combinations. Because centillions compared to endless-

ness are less than a drop of water compared to the ocean. We
therefore arrive at the mathematically correct, but to our reason

most absurd, deduction that our earth, just as it is now, must

occur several times, indeed an infinite number of times in the

universe, and that also the jubdee festival, which we celebrate

to-day, is celebrated just in the same way upon many other

earths.

The logical consequences of this kind may be multiplied. The
examples suffice to show, that our finite reason is only accessible

to finite conceptions, and that, when it wishes to raise itself to

conceptions of the eternal in however logical a manner, its

wings become paralysed, and, like a second Icaru', before

the sunny heights are reached, it falls back into the depths of

finite and obscure ideas.

(Jo be contimud.)

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

Oxford.—The Physical Science Postmastership at Merton
College, has been awarded to Mr. E. T. Milner, of Manchester
Grammar School.

Cambridge—Mr. J. N. Langley, B.A., of St. John's College,

has been elected a Fellow of Trinity College. Mr. Langley
was bracketed second in the first-class of Natural Science Tripos

1874-

Edinburgh.—Mr. Thomas Annandale, who v/as assistant to

the late Prof Syme, has been appointed to the chair of Clinical

Surgery in Edinburgh University, vacant by the removal of Mr.
Lister to King's Codege, London.

UrsAl.A.—The Scotsman of Thursday last, contains a very full

and interesting account of the recent Upsala celebration,

evidently by one of the Edinburgh delegates. The writer,

speaking of a visit he paid to one of the largest schools of

Upsala, built for about 500 pupils, says :
— " Here, as elsewhere

in Sweden, the expense of education is wholly borne by, the

State. The pupils pay no fees. The building is spacious and
airy, and the class-rooms and playgrounds furnished, almost to

luxuriousness, with the requisites for the development of healthy

minds in healthy bodies. The arrangements for the securing of

the required heating and ventilation of the rooms during the long

severe winters of Sweden are particularly good. Nearly every

class-room is seated for about thirty pupils. Each pupil has his

own little desk before him, and a chair with a back fitting com-
fortably to his body, and adjustable as to height so as to suit each

pupil. This seat he ret.iins during the session, so that there is no
taking of places in the classes. There are several carefully-

selected libraries for the pupils in the schoul—a marked feature

of which is the number of books in English, French, and Ger-

man ; and there is the best proof everywhere that these volumes,

which are mostly classic authors in these languages, do not lie

idly on the shelves, in the number of Swedes one meets with who
can converse tolerably well in one or all of these languages. But
what struck us as deserving of the very warmest commendation,
are the well-appointed and well-kept museums of apparatus illus-

trative of the simplest and most fundamental facts of natural

philosophy and chemistry ; well-dried mounted specimens of the

common plants of the district ; stuffed and otherwise prepared

specimens of the Swedish fauna ; large models of typical plants
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and animals, showing the details of their structure ; and skeletons

and plaster casts by which the fundamental facts of anatomy and

human physiology can be successfully taught. Thus, with the

aid of these admirable elementary museums and appliances,

which Mr. Forster might well envy, the broad principles of

physical, chemical, and biological science are taught to all whose

education t;oes no further than the public schools ; and as regards

the others, such instruction in the elements of science forms an

admirable introduction to the University cour.se."

SOCIETIES AND ACADEMIES
London

Royal Microscopical Society, October 3.—Mr. IT. C.

Sorby, president, in tlie chair.—The president read a paper on
an improved method for distinguishing the axes of double

refracting substances which consisted of a wedge-shaped piece of

quartz cut parallel to the positive axis of the crystal, and made
to slide into the tye-piece of the microscope. When lliis p.assed

across the field of view in polarised light every gradation of tint

was successively produced by the varying thickness of the quartz,

and by viewing crystals through this it was 'very easy at once to de-

termine the position of their axes by noting the effect upon the

series of coloured bands produced by the quartz scale.—A paper

by Mr. F. H. Wenham on the aperture of object glasses was
read by the secretary. The inirport of Mr. Wenham's paper

was further explained, and illustrations of the method proposed

were drawn on the black-boaid by Mr, J. E. Ingpen.—Mr. Slack

described some curious observations made as to the liabit and

power of offensive attack by the genus diglena upon anguillula

and other species.

Philadelphia

Academy of Natural Sciences, May i.— On the Cam-
bari (crayfishes) of Northern Indiana, by W. F. Bandy {Proc,

1877, p. 171).—.Synopsis of the fishes of Lake Nicaragua, by
Drs. Gill and Bransford (pp. 175-191). —On lavendulite from

Chili, by E. Goldsmith.

May 15.—Prof Leidy, on gregarines.

May 22.—Prof. Leidy, on flukes infesting molluscs.— II. C.

Yarrow, notes on the natural history of Fort Macon, N.C.

(pp. 203-218).—On the brain of C/iim.rra nwns/roia, by Dr.

Wilder (pp. 219-250).

June 12.— Prof. Leidy, remarks on parasitic infusoria.

June 26.—Prof. Leidy, the birth of a rhizopod {Eji!;lyJ<ha).

Paris

Academy of Sciences, October 8,—M. Peligot in the chair.

—On an incident mentioned at the congress of Stuttgart, by M.
Faye. This relates to recent geodetic operations in the north-

east of Spain, directed by Gen. Ibanez.—Apparatus for measur-

ing the heat of vaporisation of liquids, by M. Berthelot. He
aims at greater simplicity, while transmitting the vapour dry

from generator to calorimeter. A phial with hermetically sealed

neck is traversed by a wide vertical tube open at its inclosed top,

passing down through the phial to a serpentine in a calorimeter,

and (ill its way) through a metallic disc, a circular lamp, another
metallic plate, a sheet of paste-board, and a wooden plate (the

last three forming the cover of the calorimeter). lie finds on an
aver.age 636'2 as the total heat furnished by water between 100°

and zero (Regnault 636 '6).—On the determination of the heat of

fusion, by M. Berthelot. The two phenomena of fusion and
solidification in a body like hydrate of chloral are not reci-

procal when one directly follows the other, and the heat
absorbed in one case is not equal to that liberated in

the other. To measure the calorific weak infusion the
body should be brought to a certain final state, proved
idtnlical by thermal measurements, e.g., dissolving hydrate of
chloral at a given temperature and in a constant quantity of

water, and compaiing specimens recently fused, and others kept
several months or years. Then a known weight of the substance
is raised to different temperatures, sometimes above sometimes
below the point of fusion, then immersed and dissolved suddenly
In the water of the calorimeter. He finds the heat of fusion to

be 33 '2 cal. for i gramme.—On the variations of the heat
liberated by union of water and sulphuric acid at different

temperatures, by M. Berthelot.—On the relation whicli should
exist between the diameter of magnetic cores of electro-magnets
and their length, by M. Du Moncel. For equal resistances of

circuit the diameters should be proportional to the electro-

motive force for equal electromotive forces, in inverse

ratio of the resistance of the circuit, including the battery

resistance ; for equal diameters proportional to the square
roots of the resistances of the circuits ; from given electro-

motive force and with electro-magnets in their conditions of

maximum the electro-motive forces of the batteries should
be proportional to the square roots of the resistances of the

circuits.—Programme of the expedition of next year (July, 1S78)

to the glacial sea of Siberia, by M. Nordenskjold.—Observations
of the planet 175 Palisa, and of the new comet of Tempel, with
the garden equatorial, by MM. Paul and Prosper Henry.—On a

general method of transformation of integrals depending on
squnre rools; application to a fundamental proldem of geodesy,

by M. Callandreau.—On the spectrum of the new metal davyum,
by M. Kern. He indicates the principal lines.— Pyrogenous
decomposition of chlorhydrate, bromhydrate, and iodhydrate of

trimelhylamiue, new characteristic of methylamines, by M.
Vincent. The new characteristic is the production of chloride,

bromide, and iodide of methyl from such decomposition.—On
iodide of starch, by M. Bondonneau.—Synthesis of benzoic acid

and of benzophenone, by MM. Friedel, Crafts, and Ador.

—

Experiments on the tape-like development of human cysticercus,

by M. Redon. Man may, like swine, become completely
infested by cysticerci. M. Kedon caused some cysts from a
human body to be ingested with tepid milk into young pigs

and dogs ; he also swallowed some himself It appeared that

only man presents a favourable medium ; the pigs and dogs gave
no trace of the tape-worms ; but the author after about three

months discovered worms in his stools. This throws light on
the nature of the development of human cysticercus, and presents

a striking exception to the law of parasitism with alternating

generations.—Description of the meteoric stones of Rochester,

Warrenton, and Cynthiana which fell respectively on December
21, 1S76, and January 3 and 23, 1S77, with some remarks on
previous falls of meteorites in the same region, by Mr. Smith.

—

M. Bouvel called attention to an arrangement for compressing
oxygen and hydrogen to considerable pressures. The wires from
a battery are conducted into a thick metallic block containing a

strong glass voltameter with one chamber double the other ;

under the chamber are the terminal electrode immersed in

acidulated water, the bottom of the reservoirs being closed by a

strong screw. The reservoir communicates aUo with another
cylinder in which a screw can be made to press on the liquid.

Two narrow passages rise from the gas chamber and are closed

by screws.
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SCIENTIFIC WORTHIES
XI.—Sir Joseph Dalton Hooker

SIR JOSEPH DALTON HOOKER,' Director of the

Royal Gardens, Kew, and President of the Royal

Society—the second and only surviving son of the late

Sir William Jackson Hooker, who first made the name
illustrious in botany—was born at Halesworth, in Suffolk,

on June 30, 1817. He was educated at the University of

Glasgow, where the father was Regius Professor of

Botany from 1820 to 1840, and where the son took

the degree of M.D. in 1839. He has since been affiliated

to the great English Universities, receiving in the same

year the honorary degrees of D.C.L. at Oxford, and of

LL.D. at Cambridge, and subsequently that of LL.D. at

his own University of Glasgow. Immediately on com-
pleting his medical studies, namely in 1839, he was com-

missioned Assistant-Surgeon in the Royal Navy, and

appointed botanist of the antarctic voyage of exploration

by the En-bus and Tirror, under the command of Cap-

tain, afterwards Sir James Clark Ross. This celebrated

expedition, leaving England in the autumn of 1839, and
touching at Madeira, Teneriffe, Cape Verde Islands, St.

Helena, and the Cape of Good Hope, entered, in the

spring of 1840, upon its special work of antarctic explora-

tion, which, including visits to Kerguelen Island, New
Zealand, Australia, Fuegia, and the Falkland Islands,

occupied the ensuing three years, years of severe labour

and much hardship, but of opportunities such as probably

never before fell to the lot of a young naturalist, or were

ever turned to better account.

The botanical fruits of this expedition are mainly

garnered in the " Flora Antarctica," the " Flora Novre

Zelandia;,"and the " FloraTasmanica," six quarto volumes,

the last of which appeared in the year 1S60. These

do not contain mere reports of explorations, with descrip-

tions of whatever was novel or of peculiar interest, but

are systematically elaborated and complete floras, in

which all that had been gathered from every source is in-

corporated. The excellent analyses of the plants, and in

particular those of the cryptogams, are for the most part

from the author's own drawings, many of them made
during the progress of the voyage.

During the preparation of the first of this series of

floras, Sir J. D. (then Dr.) Hooker, being then attached

to the Geological Survey of Great Britain, brought out

several important papers upon points in fossil botany.

They need not be here particularly enumerated, but they

attracted much attention, and evinced remarkable aptitude

for dealing with a difficult class of questions.

In the interval between the publication of the second

volume of the " Flora Antarctica," in 1847, and the first

volume of the "Flora Novas Zealandix," in 1853, Sir

J. D. Hooker, aided by Government, but mainly on his

private resources, accomplished his botanical mission to

India. A general account of this undertaking is given in

his " Himalayan Journals ; or, Notes of a Naturalist in

I since these lines were written her Majesty has signiliej her appreciation
of Dr. Hooker's services, especially those in relation to the Indian Empire,
by conferring upon him the honour of Knight Commander ol the Slar'of
Ind'a.—A. G.

Vol. XVI.—No. 417

Bengal, the Sikkim and Nepal Himalayas, the Khasia

Mountains," &c., in two volumes, Svo., 1854.

His journey occupied three and a half years, and was

not without hardship and adventure. After spending two

seasons in exploring geographically and botanically the

loftiest Himalayan mountains and valleys, unaccompanied

by any European, he was, when on the Tibetan frontier,

joined by his friend. Dr. Campbell, the political agent

resident in a neighbouring British province ; this led to

the capture of both by the Rajah of Sikkim, and they

were imprisoned for some weeks, during which time they

were treated with great indignity and their lives were

threatened. During his journey in Sikkim he made a

survey of the whole country and the bordering districts of

Nepal, from the plains of India to Tibet ; this was pub-

lished by the Trigonometrical Survey Office of Calcutta,

and is still the standard map of the country. It is a

curious fact that though nearly thirty years have elapsed

since Sir J. D. Hooker was in the country, many of the

trans-Himalayan passes which he then discovered and

measured have not since been visited by any other

traveller.

Of the scientific results, the first fruits were given to the

world in various papers communicated to the Asiatic So-

ciety of Bengal ; these were followed by the " Rhododen-

drons of the Sikkim Himalayas," a folio, with splendid

illustrations from the author's own pencil ; and in a volume

of the " Flora Indica," by himself and his friend and

schoolmate, Dr. Thomas Thomson. A series of papers

upon certain groups, or discussing special points, followed

later ; and at length the systematic elaboration of Indian

botany has been hopefully renewed, and the " Flora of

British India," upon the model of the " British Colonial

Floras," has reached the second volume. Although

"assisted by other botanists," some of the ablest of these

died before their contributions were completed, and a

large part of the labour and responsibility has devolved

upon Sir J. D. Hooker.

In 1869 Sir J. D. Hooker held the presidency of the

British Association at Norwich. In his address he advo-

cated the recognition of the Darwinian hypothesis as the

best means of advancing the study of the natural sciences,

and dwelt at length on the subject of provincial museums,

showing by what means they can be rendered both in-

structive to the general public and be adapted to the

needs of scientific men.

On an earlier occasion, at the meeting of the Associa-

tion at Nottingham in 1866, he was selected to give one

of the two public lectures that form part of the programme

at these annual meetings. Choosing "Insular Floras"

for his subject he gave the results of his own wide per-

sonal experience in a discourse which attracted much
attention on account of the soundness of the views he

advocated and the originality of the illustrations by which

he supported them.

Of special memoirs, such as test a botanist's capabili-

ties, four of Sir J. D. Hooker's are particularly noteworthy.

These are, in the order of publication ; first, the essay

" On the Structure and Affinities of Balanophorea?," a

peculiar and puzzhng group of phasnogamous root-para-

sites, here for the first time well investigated upon suffi-

cient material, admirably illustrated, and their affinities

acutely discerned. The second is a shorter paper " On
DD
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the Origin and Development of the Pitchers of Nepenthes,"

prefacing an account, with striking illustrations, of some

new Bornean species, and bringing out the conclu-

sion that the pitcher is a modification of a gland at the

apex of the midrib of a leaf. The functions and mode of

action of these pitchers became the subject of a later

investigation and the theme of his address to the Sec-

tion of Zoology and Botany, over which he presided,

at the meeting of the British Association at Belfast, in

1874. This forms one of the earlier contributions to our

new knowledge of carnivorous plants. Thirdly, the

" Outlines of the Distribution of Arctic Plants," cognate

with which is the elaborate " Introductory Essay to the

Flora Tasmanica," published earlier in the same year,

i860. These two papers embody the results of long and

wide study of the geographical distribution, systematic

association, and various degrees of relationship of exist-

ing species, in regard to their probable history and origin.

Ilaving been prepared before Mr. Darwin's " Origin of

Species " appeared, they are among the earliest and most

notable contributions to this part of our science. They

are endeavours to test the practical value in systematic

botany of now familiar theoretical considerations or

hypotheses, the influence of which was felt and the im-

portance dimly divined, in advance of their full deve-

lopment by Mr. Darwin. Fourthly, a rare opportunity

was well improved when that most extraordinary of plants,

Wekvitschia 7nirabilis, of Western Tropical Africa, was

placed in Sir J. D. Hooker's hands for study. Later inves-

tigations of completer materials may have since cleared

up points which were left doubtfu', and may have

definitely answered questions which were placed on the

way to settlement by being suggestively raised. Still the

splendid memoir on " Welwitschia, a New Genus of

Gnetacea:," stands unrivalled among botanical monographs

of the kind for perfection of illustration, elucidation of

structure, and insight into affinities.

Turning ne.xt to labours which came in great part by

inheritance, we need only refer to the thirteen volumes of

the Botanical Magazine which follow the thirty-seven

edited by Sir William Hooker, and to the two volumes in

continuation of the less popular, but botanically im-

portant, "Icones Plantarum." Then, after the exhaustion

of Sir William Hooker's "British Flora " in its eighth edi-

tion. Sir J. D. Hooker replaced it by his own compendious

"Student's Flora of the British Islands, 1870," which is

now passing to a revised edition. Those who have made

the attempt well know how the conscientious preparation

of such a work tasks the best powers of a botanist. Upon

the piesentation, in an English dress, of Le Maout and

Decaisne's " Traite General de Botanique," in a trans-

lation by the late Mrs. Hooker, the orders were re-ar-

ranged and annotated by Sir J. D. Hooker, and a chapter

on the principles of classification and a synopsis of natural

groups added. Then, least in size, but not in usefulness

nor in difficulty of execution, comes the " Primer of

Botany," for the use of young beginners. As far as pos-

sible, elementary treatises should be written by masters

in science, and Sir J. D. Hooker has contributed his fair

share.

We come, at length, to the "Genera Plantarum ad

examplaria imprimis in Herbariis Kewensibus servata

definita." In this, one of the most arduous and, as we

judge, most important botanical woiks of our time. Sir J. D.

Hooker is associated with the veteran Bentham, who has

the enviable advantage of being able to devote all his

time to botanical investigation, undistracted by profes-

sorial or administrative cares, and who brings to the work

the largest experience, the surest judgment, and the most

indomitable industry— gifts and accomplishments rarely

thus associated. As two of the three compact volumes

of the "Genera Plantarum" are already published, and

the third is in progress, let us hope that we may all

ere long see and rejoice together over the completion of

a work which marks an epoch in systematic botany.

Compilations and digests we may have, as we have had
;

and supplements and new editions of the present work may
naturally and easily be provided ; but, as its only real

predecessors are the "Genera Plantarum" of Linnaeus

(1737-64) and of Jussieu (1789)—to which we may add

that of Endlicher (1836-40) the latter a wonderful monu-

ment of literary labour and bibliographical ability, directed

by a fair amount of botanical knowledge—so we may
expect that a long generation will pass before an under-

taking like the present will be again attempted and canied

through.

If this cursory reference to the publications of one who

is still, as we fondly hope, only in mid-career, were ex-

tended into details and specifications, it would still be far

from giving a full idea of the extent and value of Sir J.

D. Hooker's scientific services. While his colleague, to

whom reference has been made, supplies a notable in-

stance of what may be accomplished by one who (without

declining a reasonable share of public duty) has been

mainly free from engrossing administrative cares, the life

of Sir J. D. Hooker, like that of his father, has fallen in

the common lot of scientific men. Or rather, in both the

Hookers, unusual gifts and energies have entailed more

than ordinary cares and re:ponsibilities. To develop

and to sustain and extend such noble and invaluable

establishments as those at Kew Gardens was a duty not

to be declined, however engrossing. It has been per-

formed in such wise as to win, along with national ap-

plause, the gratitude of the scientific world. Throughout

his travels and voyages his energies were directed by his

father to the advancement of Kew as a centre of scientific

botany, and as a means of trftismitting to all parts of the

world plants useful to mankind. In 1855 he was ap-

pointed Assistant-Director, and since the death of his

venerated father, in 1865, the burden of maintaining the

Gardens at the high condition they had attained through

the father's exertions has fallen on the son.

Botanists all over the world count this devotion to

Kew Gardens high among Sir J. D. Hooker's scientific

services. They admired and cheered the courageous and

indomitable spirit with which he resisted and thwaited

the attempt of a whilom official guardian to lower the cha-

racter and diminish the scientific value of this most ustful

establishment. They rejoice, likewise, to see the piesi-

dential chair at the Royal Society occupied for the second

time by a botanist and explorer. They concede the para-

mount claims of public duty, yet not without a shade of

jealousy and regret ; for administration is time-consuming

and endless, while Hookers and their like are few, and

botanical work on every side is pressing.

A critical exposition and estimate of the work which Sir
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J. D. Hooker has already accomplished, and by which his

high scientific position has been earned, must needs be

either too technical or too long for a sketch like this.

Moreover, the Atlantic is no longer what it once was, when
a judgment wafted across it either way was invested with

somewhat of the character of the verdict of posterity. And
the close relations for forty years of the present writer

with the Hookers, father and son, disqualify him for the

office of judge. Let that duty devolve upon our suc-

cessors.

The knowledge and experience of most of our eminent

botanists have been gained, and their work mainly done,

in the herbarium and botanic garden. No living botanist

that we know of has shared Sir J. D.Hooker's opportunities

of studying in place the living vegetation of so many parts

of the world; these include, besides those already men-

tioned as places visited during his Antarctic voyage, the

southern shores of Europe, North Africa, Palestine, and

India to the Chinese borders. When we have welcomed

him to New England, as we hope to do before these lines

are in print, and when he has traversed our continent

from the Atlantic to the Pacific, it may confidently be

affirmed that he has seen far more fioTavrj than ever fell to

the lot of any other of his craft.

Sir J. D. Hooker was elected President of the Royal

Society in 1S73, an office which he still holds.

May, 1S77 Asa Gray

NOTES ON THE BOTANY OF THE ROCKY
MOUNTAINS

[The contemplated visit to the United States of America

alluded to in the preceding article has now been accom-

plished, and Sir Joseph Hooker has favoured us with the

notes of his journey following.]

IN company w ith Dr. Asa Gray, Professor of Botany of

Harvard University, Cambridge, U.S., I availed myself

of an oft-repeated invitation to us both from Dr. Hayden,

the distinguished chief of the Topographical and Geo-

logical Survey of the United States Territories, to join

the Survey in Colorado and Utah ; this we did with the

view cf instituting a comparison between the floras of

these central and elevated territories and those of other

parts of the continent, and thus obtaining some insight

into the origin and distribution of the North American

flora. In order to comprehend the importance of Colo-

rado and Utah as the basis for such investigations, I

should state that they occupy a very central position in

the continent, and include a section of the Rocky Moun-
tains about 300 miles long and about as broad, namely,

from N. lat. 37' to 41^, and from W. long. 105° to 112*'.

The mountain region thus limited consists of exten-

sive and often level floored valleys, sometimes many miles

broad, and elevated 4,000 to 5,000 feet above the sea,

called " parks " in local topography, which are interposed

between innumerable rocky mountain ridges of very

various geological age and formation, which often reach

12,000 feet, and sometimes 14,000 feet elevation, the

maximum being under 14,500.

Those of the so-called parks which are watered by

rivers that flow to the east are continuous with the

prairies that lie along the eastern flanks of the Rocky

Mountains ; those watered by rivers that flow to the west

are continuous with the so-called desert or salt regions

that lie along the western flanks of the range ; but the

divides between the head waters of the streams that flow

either way are often low, and the botanical features of the

east and west may hence meet and mix in one park.

Such a section of the Rocky Mountains must hence
contain representatives of three very distinct American
floras, each characteristic of immense areas of the con-

tinent. There are two temperate and two cold or mountain
floras, VIZ. : (i) a prairie flora derived from the eastward

;

(2) a so-called desert and saline flora derived from the

west ; (3) a sub-alpine ; and (4) an alpine flora ; the two
latter of widely different origin, and in one sense proper

to the Rocky Mountain ranges.

The principal American regions with which the com-
parison will have first to be instituted are four. Two of

these are in a broad sense humid ; one, that of the

Atlantic coast, and which extends thence west to the

Mississippi river, including the forested shores of that

river's western affluents ; the other that of the Pacific

side, from the Sierra Nevada to the western ocean : and
two inland, that of the northern part of the continent

extending to the Polar regions, and that of the southern

part extending through New Mexico to the Cordillera.

of Mexico proper.

The first and second (Atlantic plus Mississippi and the

Pacific) regions are traversed by meridional chains of

mountains approximately parallel to the Rocky Moun-
tains ; ramely, on the Atlantic side by the various systems

often included under the general term Appalachian, which
extend from Maine to Georgia, and on the Pacific side by
the Sierra Nevada, which bounds California on the east.

The third and ''ourth of the regions present a continuation

of the Rocky Mojntains of Colorado and Utah, flanked

for a certain distance by an eastern prairie flora extend-

ing from the British possessions to Texas, and a western

desert or saline flora, extending from the Snake River to

Arizona and Mexico. Thus the Colorado and Utah
floras might be expected to contain representatives of all

the various vegetations of North America except the small

tropical region of Florida, which is confined to the

extreme south-east of the Continent.

The most singular botanical feature of North America

is unc[uestionably the marked contrast between its two

humid floras, namely, those of the Atlantic plus Missis-

sippi, and the Pacific one ; this has been ably illustrated

and discussed by Dr. Gray in various communications to

the American Academy of Sciences, and elsewhere, and
he has further largely traced the peculiarities of each to

their source, thus laying the foundations for all future

researches into the botanical geography of North

America ; but the relations of the dry intermediate re-

gion either to these or to the floras of other countries

had not been similarly treated, and this we hope that we
have now materials for discussing.

Our course and direction in America was directly

westward to Colorado, where we followed the eastera

flanks of the Rocky Mountains for about 300 miles, that

is from Denver in the north, to near the borders of New
Mexico, ascending the highest northern and southern

peaks, and visiting sevend intermediate parks and valleys,

watered by tributaries of the Arkansas, Platte, Colorado,

and Rio Grande. From Denver we proceeded north
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to Cheyenne in Wyoming, and ihence westward by ihe

Central Pacific Railway.'across the range to Ogden, and

the Great Salt Lake in Utah, which lies on the base of

the Wahsatch Mountains, themselves the western escirp-

ment of the Rocky Mountains proper in that latitude.

After ascending these we proceeded westward by rail

through Utah, to Nevada, thus crossing the great dry

region that intervenes between the Rocky Mountains and

the Sierra Nevada, which is variously known as the Desert,

Salt, or Sink region of North America, in accordance

with the prevailing features of its several parts. It is

elevated 3,000 to 4,000 feet, and traversed by numerous

short meridional mountain-ridges, often reaching 8,000

feet, and rarely 10,000 feet elevation ; unlike the Rocky

Mountains or over the Sierra Nevada, these present no

forest-clad slopes, or even a sub-Alpine flora.

From Reno, at the western base of the Sierra Nevada,

we proceeded south by Carson City, flanking the Sierra

for some sixty miles to Silver Mountain, when we stiuck

westwards, ascending the Sierra, which was crossed

obliquely into the Pacific slope. There we visited three

groves of the ' Big Trees ' {Sequoia gigantca) at the

headwaters of Stanislaus and Tuolome Rivers, and

the singular Yosemite Valley, whence we descended

into the great valley of California, and made for San

Francisco.

From the latter place we made excursions first to the

old Spanish settlement of Monterey, which is classical

ground for the botanist, as being the scene of Menzies'

labours during the voyage of our countryman, Capt. Van-

couver, in 1798 (whose surveys are held in the highest

estimation by Prof. Davidson and the officers of the Coast

Survey of the United States), whom he accompanied as

botanist. Then we went northwards along the coast

range to Russian River to visit the forests of Red-wood
{Sequoia seiupervitots), the only living congener of the Big

Trees, and almost their rival in bulk and stature. Then
to Sacramento, and up the valley of that name for 150

miles to Mount Shasta, a noble forest-clad volcanic cone

about 14,400 feet in elevation. Returning thence to

Sacramento we took the Union Pacific Railway east-

wards, and from the highest station visited Mount Stan-

ford, on the crest of the Sierra Nevada, and Lake Taho,

which occupies a basin in the mountains at about 7,000

feet elevation, and with which _we finished our western

journeyings.

In California the Coniferx were a principal study,

with a view of unravelling their tangled synonymy and
tracing the variations and distribution of these ill-under-

stood trees, which attain their maximum development in

number of species and in statureon the Pacific slope of

the American continent.

The net result of our joint investigation and of Dr.

Gray's previous intimate knowledge of the elements of

the American flora is, that the vegetation of the middle
latitudes of the continent resolves itself into three prin-

cipal meridional floras, incomparably more diverse than
those presented by any similar meridians in the old

world, being, in fact, as far as the trees, shrubs, and
many genera of herbaceous plants are concerned, abso-
lutely distinct. These are the two humid and the dry
ntermediate regions above indicated.

Each of these, again, is subdivisible into three, as

follows :

—

1. The Atlantic slope plus Mississippi region, sub-

divisible into («) an Atlantic, (/i) a Mississippi valley, and

(y) an interposed mountain region with a temperate and
sub-alpine flora.

2. The Pacific slope, subdivisible into (a) a very

humid cool forest-clad coast range ; O) the great hot,

drier Californian valley formed by the San Juan river flow-

ing to the north, and the Sacramento river flowing to the

south, both into the Bay of San Francisco ; and (y) the

Sierra Nevada flora, temperate, sub-alpine, and alpine.

3. The Rocky Mountain region (in its widest sense

extending from the Mississippi beyond its forest region to

the Sierra Nevada), subdivisible into (o) a prairie flora ;

(/3) a desert or saline flora
; (y) a Rocky Mountain proper

flora, temperate, sub-alpine, and alpine.

As above stated, the difference between the floras of

the first and second of these regions, is specificall »-, and

to a great extent generically absolute ; not a pine or

oak, maple, elm, plane, or birch of Eastern America

extends to Western, and genera of thirty to fifty species

are confined to each. The Rocky Mountain region

again, though abundantly distinct from both, has a few

elements of the eastern region and still more of the

western.

Many interesting facts connected with the origin and
distribution of American plants and the introduction of

various types into the three regions, presented them-

selves to our observation or our minds during our

wanderings ; many of these are suggestive of comparative

study with the admirable results of Heer's and Les-

quereux's investigations into the pliocene and miocene

plants of the north temperate and frigid zones, and which

had already engaged Dr. Gray's attention, as may be

found in his various publications. No less interesting

are the traces of the influence of a glacial and a warmer
period in directing the course of migration of Arctic

forms southward, and Mexican forms northward in the

continent, and of the effects of the great body of water

that occupied the whole saline region during (as it would

appear) a glacial period.

Lastly, curious information was obtained respecting the

ages of not only the big trees of California, but of equally

aged pines and junipers, which are proofs of that

duration of existing conditions of climate for which

evidence has hitherto been sought rather amongst fossil

than amongst living organisms.

I need hardly add that the part I played in the above

sketched journey was wholly subordinate to Dr. Gray's,

who had previously visited both the Rocky Mountains

and California, though not with the same object. But

for his unflinching determination that nothing should

escape my notice which his knowledge and observant

powers could supply, and Dr. Hayden's active co-operation,

my own labours would have been of little avail.

Moreover, throughout the expedition we experienced

great hospitality, and enjoyed unusual facihties, not only

from the staff of the Geological Survey, but from the

railway authorities, who franked us across the continent,

and on all the branch lines which we traversed.

J. D. Hooker
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SHARPENS CATALOGUE OF BIRDS

Catalogue of the Birds in the British Museum. Vol. I.,

Catalogue of the Accipitres, or Diurnal Birds of Prey.

By R. Bowdler Sharpe. 1S74.—Vol. II., Catalogue of

the Striges, or Nocturnal Birds of Prey. By the same

Author. 1S75.—Vol. III., Catalogue of the Passeri-

formes, or Perching Birds. By the same Author.

1877. (London : Printed by order of the Trustees.)

T F the visitor to the British Museum will pause at the

foot of the staircase leading up to the Paleontological

Gallery and look carefully into the obscurity in the right-

hand corner he will perceive a door with a brass plate on

one side of it. On entering this door and descending

(with care) a flight of darkened steps, he will find

himself in the cellar, which has for many years consti-

tuted the workshop of our national zoologists. Two
small studies partitioned off to the left are assigned to the

keeper of the department and his first assistant. The
remaining naturalists are herded together in one apart-

ment commonly called the " Insect-room,'" along with

artists, messengers, and servants. Into this room is

shown everybody who has business in the Zoological

Department of the British Museum, whether he comes as

a student to examine the collections, or as a tradesman

to settle an account. Amid the perpetual interruptions

thus caused, our national zoologist has to pursue his

work. Some of the specimens are here, some in the

galleries overhead, and some are stored away in cellars

at a still lower depth than th.at in which he sits at work.

The library attached to the department contains merely

some of the most obvious books of reference, all others

have to be obtained on loan from the great national

depositoiy of books in the centre of the building. No
lights are allowed, and when the fogs of winter set in, the

obscurity is such that it is difficult to see any object

requiring minute examination.

Under these circumstances, which we trust to see

materially altered when the zoological collections are

removed to their new home in South Kensington, it is

more than creditable to our zoologists that they should

have turned out the large amount of scientific work that

has issued from their department of the British Museum
during the past thirty years. The zoological catalogues of

the British Museum are weJl-known to every worker in

natural history ; they are not mere catalogues, but in

many cases able and exhaustive monographs of the

groups of which they treat. Projected and commenced

by the ;late Dr. Gray they have been energetically

carried on under the rule of the present head of the

zoological department. Dr. Giinther is, moreover, him-

self the author of one of the most important of the series

"the Catalogue of Fishes," completed in 1870, in eight

volumes, which is now the standard work of reference in

icthyology.

Hardly less important as regards the sister science of

Ornithology, if brought to so successful a conclusion, will

be the " Catalogue of Birds," of which three volumes are

now before us. With youth and energy on his side Mr.

Sharpe may look forward to do much, but it must be

confessed that if he intends to handle the whole subject

himself he has an arduous task before him. The number

of recognised species of the class Aves cannot now be

reckoned at less than from ten to twelve thousand. There

are many more workers in ornithology than in icthyology,

the literature is still more widely scattered in different ma-

gazines and periodicals, and the collections to be con-

sulted, both public and private, are much more numerous.

There is also no generally recognised system of classi-

fication to follow—such as that of the illustrio is Johannes

Miiller—our great master in the classification of fishes.

All this makes the work of a general descriptive catalogue

of birds one of almost herculean labour, which only length

of time and great devotion to the subject can hope to

accomplish.

Let us now see what progress Mr. Sharpe has already

made towards the completion of the task. In 1S74 he

issued the first volume of the catalogue containing the

Accipitres, or diurnal birds of prey ; in 1S75 the second,

in which the Striges, or nocturnal birds of prey, were

treated of. We have now the third volume before us, in

which the great order usually called " Passeres," but here

denominated " Passeriformes," is commenced.

Taking this as an average volume, we find about 350

species comprised in it. Unless, Itherefore. the present

rate of progress is materially accelerated, it does not

require much calculation to show that forty or fifty years

must elapse before a single worker can complete the task.

Even if the volumes were henceforth published annually,

and 500 species on the average comprised in each volume,

upwards of twenty years would be necessary to bring the

work to a conclusion, and looking to the present rapid

advances being made in our knowledge of birds, the older

volumes would be out of date long before the last were

ready for publication. But if the present style of work is

adhered to, it would seem that our last supposition is one

that is hardly likely to be accomplished.

The question remains, whether any alterations can be

suggested that will reduce the task to one of more

reasonable proportions. It must be recollected that Mr.

Sharpe's " Catalogue " is not merely a catalogue of

specimens in the National Museum, but approaches in

several respects more nearly to a monographic essay on

each group treated of. Taking, for example, the present

volume, which contains the Coliomorpha;, or Crow-like

Passeres, we find, on page 4, a " synopsis " of the five

families into which the Coliomorpha; are divided, next a

definition of the two sub-families of the Corvidre, the first

of these families. Then follows a " key " to the thirty-nine

genera of Corvidse ; these genera are taken in order, and

a " key " to the species is placed at the head of each genus

Under the head of each species the synonymy is very fully

given ; then a lengthened description of each species in

its various plumages, a general account of its " habitat,"

and finally a list of specimens of it in the British Museum,

with a notice of the locality and mode of origin of each

specimen. To prepare all this it is manifest that an

elaborate study of each group must be undertaken, and

such a study cannot be executed without much time and

attention. The result will be that we shall have, when

the task is brought to a conclusion, a general work, which

must become the standard book of reference for all

naturalists who are engaged on the class of birds.

While the plan of work pursued by Mr. Sharpe has our

full approbation as a whole, there are several points of

detail in which we think improvements might be made.
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The descriptions of the species are, especially in the first

volume, by far too long. Short diagnoses would be of

much greater assistance to naturalists using the work for

the determination of species. It may be said, no doubt,

that such diagnoses are given in the tabular keys of the

species under the head of each genus. This is true to a

certain extent ; at the same time these keys only refer to

one point of difference between allied species, and if a

student misses the particular key selected by Mr. Sharpe

he will find it very difficult to open the lock. If instead

of the lengthened description, a short diagnosis were

given and remarks on the points of difference between

the species in question and its nearest allies were

appended, the result would be at least of equal, if not of

greater value, to the working ornithologist, and at the

same time the work would be materially shortened.

Nothing serves so clearly to explain the character of an
unknown object as reference to an object well known and

a specification of the points of difference. Such parti-

culars, now universally added by naturalists to their

characters of species, are rarely to be found in Mr.

Sharpe's catalogue.

One other point we will mention—that we trust Mr.
Sharpe will consider seriously in the preparation of future

volumes. The golden rule of priority and the canons of

the Stricklandian Code of Nomenclature are now gene-

rally accepted by all zoologists. But like many other

things that are excellent, " priority " may be pushed to a

ridiculous extent, and some writers seem determined to

disgust people with it if they can. The chief object of

the rule of priority is the attainment of a uniform nomen-
clature. Unless, therefore, there is a stringent necessity

in obedience to its rule to alter a generally-recognised

name, it is only defeating the object in view to propose

such a change. But we regret to observe that Mr.
Sharpe not unfrequently strains the laws of priority in

order to alter well-known and universally adopted titles,

both of genera and species. For example, Linnajus

called the well-known kestrel Falco tinnunciilus, i.e., the
" Bell Falcon." In 1S07 the French naturalist, Vieillot,

made the group of kestrels into a genus, for which
he proposed to use the name Tinmmculiis—and this

practice has been generally followed by all ornitho-

logists who have considered the group of kestrels as

worthy of generic rank. But Mr. Sharpe now wishes

to reject the generic name Tinimnculns in favour of

a subsequently-given appellation, upon the ground, we
suppose, that the species first given in Vieillot's list of

Tinnunculi is not a true kestrel. This may be the case,

but it cannot be doubted that when Vieillot founded his

genus, TiniiHiiculiis, the species most in his eye was the

Falco tiiinunculus, and that that species should be taken

as the true type of his genus.' Again, a well-known
South American bird of prey is universally' known as

Spizaetes ornatus. Mr. Sharpe would have it termed
Spizaetus mauduyti, solely because, although both the

names were published in the same work at the same date,

the latter is given four pages before the former. We
cannot believe that even the great authority of the British

Museum will induce naturalists to recognise such grounds
for the displacement of familiar names.

" Mr. Sharpe gives, as the name to be adopted for the Common Kestrel,
Circhneis i!itKu>Kuia~Sifpixenlly under the idea that Timiimcuius is an
adjective.

These, however, are but minor defects in a work that is

generally well arranged and well executed. Further than
this, we have only to remark that Mr. Sharpe might have
done better to adopt some one general classification in its

entirety rather than to attempt to amalgamate several

hardly-to-be-reconciled systems into one of his own. But
whatever his classification may result in, there can be no
question of the influence the " Catalogue of Birds" will

have on the progress of ornithological science, and we
heartily wish the author health and strength to terminate
his labours at an earlier period than that which we have
assigned to them.

THE ALPS
Die Nalnrkrdfte in dcr Alpen, oder pliysikalische

Geographic des Alpengchirges, von Dr. Friedrich

Pfaff, O. Professor in der Universitiit, Eriangen.

(Miinchen: Oldenbourg, 1877.)

'T^HIS is a thoroughly unsatisfactory book. The title

-1- is attractive, and in spite of all that has been
written about the Alps of late years, a treatise such as

is here promised is very much wanted. Such a work if

taken in hand by a master of physical science capable of

grasping together the varied phenomena and exhibiting

vividly their mutual bearings and relations, would be of

engrossing interest, and could scarcely fail to throw new
light upon many obscure questions of science. Failing

this, there is room for a work in which the results of

recent exploration and scientific observation should be

carefully collected, intelligently arranged, and clearly set

forth. Such a book might not attract many of those who
have no personal experience of the Alps, but would be

welcomed by thousands who have keen recollections

of enjoyment among the great mountains, and would fain

learn something of the nature and laws of the giant forces

within whose sphere they have moved. Along with the

primary, though no way common, qualifications of accu-

racy and clearness, the writer of such a work should have
such a firm hold^of physical principles as should enable him
to mark distmctly the limits of the territory conquered by
modern science, and distinguish the conclusions which

are definitely established from those that are more or less

imperfectly proved,?or merely to be ranked as conjectural

explanations.

In none of these respects does Prof. Pfaff show himself

competent for the work he has undertaken. Except in

regard to glacier controversies, where his reading is a

little more extended, he appears very ill acquainted with

what has been written about the Alps in England, Italy,

and France during the last quarter of a century ; he is

strangely inaccurate, especially as to names and numbers,

and often sadly deficient in clearness ; and finally, there

is a complete want of definiteness [in his statements as to

the more interesting of the disputed questions discussed

in his work.

A disproportionate share, ^; more than a third of the

volume, is taken up with what may be called the statistics

of the Alps—their division into groups, numerical state-

ments as to the heights of peaks, the dimensions of valleys

and lakes, the volume of mountain ridges, and various

other orographic elements, some of which do not admit

of accurate numerical statement, and others are of trivial
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importance. It is not too much to say that when the

author is unable to copy from a clear-headed and accurate

writer, such as von Sonklar/'this part of his work is

frequently a mere muddle.

In attempting to subdivide the Alps] into separate

groups it is possible to apply one or other of two guiding

principles. You may look either to. the configuration of

the surface and make the deep valleys and low passes

that occur here and there throughout the chain the boun-

daries between the different groups, or you may attend

mainly to geological structure, and form groups in each of

which a central mass of crystalline rock is surrounded by

a girdle of sedimentary strata, but in so doing must often

disregard the actual features of the country. M. Pfaff has

alternately adopted the geological grouping of Studer and

the orographic arrangement of von Sonklar, with the

natural result that the same mountains and valleys are in

some cases included in two different groups while others

are left utterly unprovided for, there being no one group

in which they can be placed. For some groups the

author has attempted to assign limits and specify the

higher summits, but considering the ill success of these

attempts, he has, perhaps wisely, refrained in other cases,

and for eleven groups he has given names without at-

tempting to define their limits. Among the dominant peaks

we find the two ancient impostors Mont Ollan and Mont
Isdran, whose existence has long since been disproved

by the active members of our Alpine.Club, and, stranger

still, we are told to look for the latter in an utterly new
direction—in the range west of the Col de Bonhomme
"between the Is&reand the Rhone"—where the discovery

of a mountain over 13,000 feet high would undoubtedly

make a lively sensation among the natives. A list of

the most important peaks in the Alps is given, in which

are enumerated fourteen summits in the mass of Mont
Blanc, and twelve of those of Monte Rosa, while the

crowning peaks of other important groups such as the

Grand Paradis and Piz Bernina, each well above 13,000

feet, are altogether omitted. Heights copied at random
from various authorities are hopelessly irreconcilable.

In one page the Gross Glockner is 495 English feet higher

than the Ortler Spitz ; a few pages later the tables are

turned, and the Ortler surpasses his rival by 285 feet.

\Yhat with errors in the spelling of names, confusion of

standards—Paris feet being quoted in one line, Vienna

feet in the next, and in the third some other foot differing

from both—and arithmetical blunders or misprints, this

portion of the book is simply bewildering.

Under the head of meteorology the author discusses

at much length the laws connecting the decrease of

temperature of the air with increasing elevation above

the earth's surface. He gives the now-antiquated formula

of S. von Waltershausen as in accordance with observa-

tion, and then professes to give the results of what,

wiih characteristic accuracy, he describes as the " obser-

vations of Glaisher and Coxwell, who, on September 5

1862, in London, rose to the astonishing height of

26,800 feet" (28,565 English feet). The reader who

may turn to the report of Messrs. Glaisher and Cox-

well's famous ascent from Wolverhampton will fail to

find anything in the least resembling the results here

given, these being in truth very incorrectly calculated

from the average results of all the ascents made in 1862.

No reference is made to the 'bearing of these or other

recent investigations on a matter so interesting to Alpine

travellers as the measurement of heights by means of the

barometer, nor does Prof. Pfaff seem to be acquainted

with the various memoirs by Count St. Robert, of Turin,

wherein the whole subject is discussed in a masterly

manner.

Fully one-third of the volume is devoted to the glaciers

wherever it would appear that the writer has made
observations on his own account. In this branch of his

subject he is moderately well informed, and no doubt has

done his best to steer cautiously through the rocks and

shoals of personal controversy with which the history of

this department of scientific inquiry is unfortunately sur-

rounded, while at the same time he fails to mark ^accu-

rately the positive contributions of each inquirer to the

present sum of our knowledge.

He gravely discusses the dilatation theory of glacier

motion, and comes to the conclusion that " dilata-

tion cannot be considered the only cause of the

progressive motion of glaciers," and soon after remarks

that the gravitation theory has now a majority of

adherents ; while it would be difficult to name a single

competent authority who during the last twenty years

has admitted .that dilatation has any share whatever in

producing the phenomena. He has doubtless read the

writings of Agassiz, and Forbes, and Tyndall, but he

shows himself unable to grasp the full force of the

reasoning of the two latter writers, and in more than one

instance has failed to understand them. With regard to

the vexed question of the origin of the veined structure of

glacier ice, Prof. Pfaff is especially unsatisfactory. He
attributes the first notice of it to M. Guyot, though many
previous travellers had like him observed it, but failed to

discern, as Forbes first did, its significance and import-

ance ; and he further on confounds the dirt bands of

Forbes with the superficial appearance of the veined

structure. Especially imperfect and indefinite is the

version here given of Tyndall's explanation of the origin

of this structure ; no reader would be likely to appreciate

from these pages either the cogency of the arguments in

favour of that explanation, or the difficulties which yet

remain to be completely removed.

To those who are used to look for accurate knowledge

and scrupulous care in German scientific works, it is

disappointing to find that volumes designed for popular

instruction in that country should be so deficient in all

the requisites for imparting knowledge to unscientific

readers, as this and some others which have lately

appeared.

OUR BOOK SHELF
I-^ryptogainien Flora von Schlesien. Erster Band.

(Breslau ; J. U. Kern's Verlag, 1S76,)

This flora is dedicated to the president of the " Schle-

sischen Gesellschaft fiir vaterlandische Cultur," Prof.

Goeppert, on the fiftieth anniversary of his receiving his

doctor's degree. The whole has been ably edited by
Dr. Ferdinand Cohn. It is proposed to continue the
flora in two more volumes, one devoted to the Algas and
Lichens, and the third to the Fungi, but two years more
must elapse before the completion of the entire work.
The first volume includes two parts, the first contain-

ing the Vascular Cryptogams and Mosses, the second
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the Liverworts and Characes, with an appendix to the

species of Mosses and Hepaticae, and a copious index.

The vascular cryptogams are described by Stenzel, and

include twenty-one genera, fifty-three species, and ten

sub-species. A history of the discovery of Silesian

Pteridophyta is prefixed, and an interesting account of their

distribution. Thus the species found on serpentine,

limestone, and other rocks, are noted, as well as the

hypsometrical distribution. Four regions of elevation are

distinguished: i, from 55 metres to 150m. ; 2, from 150

m. to 500 m.
; 3, from 500 m. to 1,100 m. ; and 4, from

1,100 m. to 1,500 m. The arrangement of some of the

species and sub-species is not quite in accordance with

our English ideas. Thus Woodsia hyperborea, Koch, is

separated into two sub-species : i, arvonica, With. ; and

2, rufiditla, Svv. ; equal to hyperborea R., Br. and ilvemis

R., Br. respectively. Cystopteris niontana of British

botanists is C. siidetka, Al. Braun and Milde. Then A.
dilatatinii, spinulositin, and cristaliiin, are all placed as

s\xh-s^ecitsolAspidiii>?ispi!iulosiiii!,Svi.,3J\d.A.aculeafu>n

lobatum, and alignhire are made sub-species of A.
aculcatuiii, Doll.

The Mosses and Liverworts are described by Limpricht,

and occupy the greater part of the volume, there being

106 genera and 464 species of Mosses, and 39 genera and
132 species of Hcpatica5. A i^^ additional species are

added in the Appendix, bringing up the Mosses to 492
species and the Liverworts to 155. The same arrange-

ment is here followed as to history and distribution as in

the case of the vascular cryptogams. The descriptions

seem excellent, and the information given very full and
complete^ the characters of the orders and families being
given in great detail.

The Characea; have been described by Prof. Alexander
Braun. Probably this was one of the last important
works from his prolific pen. All must deplore his recent

loss. His vast knowledge, the importance of his con-

tributions to botany, and his genial kindly manner, the

readiness he always showed in assisting his students, are

well known. To know him was to love him, and we
esteem it a high privilege to have been one of his students.

The Characese are not very numerous, three genera and
fourteen species being enumerated ; but in the hands of

Prof. Braun it becomes a most valuable memoir on the

whole group, while the species hkely to be found in

Silesia are all pointed out. The synonymy must be very
confused, as Braun notices that Chara Jlexilis, Waller,

includes three or four species of Nitella, three of Toly-

pella, and one C/iara, C. gracilis of Sprengel is a still

greater monster, as it includes five species of Nitella, one
Lychiiolhamnus, and three species of Chara.

W. R. MCNAB
The Countries of the World, being a Popular Descrip-

tion of the Various Continents, Islands, Rivers, Seas,

and Peoples of the Globe. By RobertJBrown, M.A.,
Ph.D., &c. Vol. I. (London : Cassell, Fetter, and
Galpin. No date.)

This is certainly an attractive book ; the wealth of illus-

trations renders it so. While we recognise some of the

illustrations as having done service elsewhere, many of

tehm are new, well-executed, and afford a good idea of

the scenery, products, and people of the regions they are

meant to illustrate. This volume treats of the Arctic

regions and North America, contains a great amount of

miscellaneous information, and is written in a rambling
easy-going style. It is essentially a popular work, but
might have been made valuable even to the geographical
student had some of the pictures been dispensed with
and a number of regional maps substituted similar to

those which are so important a feature in Reclus'
" Geographie Universelle," with which masterly and ex-

haustive work, however, it would be unfair to compare it.

We have no doubt Dr. Brown's work will afford pleasure
and prove instructive to many readers.

LETTERS TO THE EDITOR
[ The Editor does not hold himselfresponsiMefor opinions expressed

by his correspondents. Neither can he undalake to return,

or to correspond with the writers of, rejected manuscripts.

No notice is taken of anonymous communications.

The Editor urgently requests correspondents to keep their letters as

short as possible. The pressure on his space is so great that it

is impossible othenuise to ensure the appearance even of com-
munications containing interesting and novel factsi\

The Radiometer and its Lessons

Having been prevented from attending the recent meeting of

the British Association by the necessity of devoting my entire

vacation to mental and bodily renovation after the sad family

losses I had sustained, I have only become aware within the last

few days that my article in the April number of the Nineteenth Cen-

tury, entitled "The Radiometer and its Lessons," had been
there spoken of by Prof. 0. Cavey Foster, in his address as Presi-

dent of Section A, as showing an "unmistakable tendency,

either inliiituvially or unintcntionaUy, to depreciate Mr. Crookes's

merits, and to make it appear that he had put a wrong interpre-

tation upon his own results," which st.atement is said by your
reporter to have " elicited great applause."

Of Mr. Crookes's own reply in the July number of the same
periodical, entitled " More Lessons from the Radiometer," I

took no notice
;

partly because my mind was at the time fully

occupied by sad cares and urgent duties, and partly because

I thought that his assertions (i) that he had not theorised on the

subject at all, (2) that he had not attributed the rotation of the

radiometer to the direct impetus of light, and (3) that he had
never claimed the discovery of a new force or a new mode of

force, were so well known in the scientific world to be incon-

sistent with fact, that I need not trouble myself to refute them.
Prof. Carey Foster, however, speaking with authority as Pre-

sident of the Physical section of the British Association, has
given it as his judicial opinion that what I have written on this

subject shows an unmistakable tendency to depreciate Mr.
Crookes's merits, and to misrepresent his opinions ; and he has

further "unmistakably" suggested (as it appears to me) that

this may have been done with deliberate intention, instead of

being done in good faith under the influence of an unintentional

bias. As it is impossible for me to allow such an imputation

from such a quarter to pass unnoticed, I might fairly challenge

Prof. Carey Foster to justify language which I must presume him
to have used with all due consideration of its obvious meaning,

and of his and Jiiy relative positions. But as he explicitly dis-

avows the more serious part of this imputation, I have now only

to ask to be allowed to show. In the columns of the journal

which has not only recorded the accusation, but has pointedly

directed attention to it,

—

first, that I have not, even unintention-

ally,
'

' depreciated Mr. Crookes's merits " as the inventor of the

Radiometer ; and secondly, that Mr. Crookes really did in the

first instance put that "wrong interpretation upon his own
results " which I attributed to him. Had Prof. Carey Foster

complied with the request I privately made him, that he should

specify the passages which (in his opinion) justify his charge, I

should have been able to reply to it much more briefly. But by
declining thus to particularise, he obliges me to traverse the

whole ground covered by his general accusation.

That I was not influenced, v/heu writing on the Radiometer,
by any animus arising from my personal antagonism to Mr.
Crookes on another subject, will appear, I think, from the

following extracts from the two lectures which I delivered at the

London Institution (by special request) on Mesmerism, Spiri-

tualism, &c., before Christmas, and which were published in

Eraser's Alngazine at the commencement of the present year :

—

"The recent historyof Mr. Crookes's most admirable invention,

the Radiometer, is pregnant with lessons on this point. When
this was first exhibited to the admiring gaze of the large body
of scientific men assembled at the soiriie of the Royal Society,

there was probably no one who was not ready to believe with its

inventor that the driving-round of its vanes was effected by the

direct mechanical aid of that mode of Radiant Force which we call

Light ; and the eminent Physicists in whose judgment the greatest

confidence was placed, seemed to have no doubt that this mecha-
nical agency was something outside Optics properly so called,

and was, in fact, if not a new Force in nature, a new modus
operandi of a force previously known under another form.

There was here, then, a perfect readiness to admit a novelty
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which seemed so unmistakably demonstrated, though transcend-

ing all previous experience. But after some little time the

question was raised, whether the effect was not really due to an
intermediate action of that mode of Radiant Force which we call

Ittat, upon the attenuated vapour of which it was impossible

entirely to get rid ; and the result of a most careful and elaborate

experimental inquiry, in which nature has been put to the ques-

tion in every conceivable mode, has been to make it (I believe)

ahnost if not quite certain, that the first view was incorrect, and
that Heat is the real moving power, acting under peculiar con-

ditions, but in no new mode."

—

Lectures on Alesnurisin and
SpiritttaJism^ p. S.

" I hold the warning given by the history of this inquiry, in

regard to the duty of the scientific man to exhaust every possible

mode of accounting for new and strange phenomena, before

attributing it to any previously unknown agency, to be one of

the most valuable lessons afforded by Mr. Crookes's discoveries.
" Now I maintain that it requires exactly the same kind of

specially trained ability to elicit the truth in regard to the

phenomena we are now considering, as has been exerted in the

researches made by the instrumentality of the Spectroscope and
the Radiometer. And I cannot but believe that if Mr, Crookes
had been prepared by a special training in the bodily and mental
constitution, abnormal as well as normal, of the Human instru-

ments of the Spiritualistic inquiries, and had devoted to them the

ability, skill, perseverance, and freedom from prepossession,

which he has shown in his Physical investigations, he would have
arrived at conclusions more akin to those of the great body of

scientific men whom I believe to share my own convictions on
this subject."

—

Op. cit., p. 70.

No one, I think, can fj.il to see that in speaking of Mr.
Crookes's "most admirable invention," and in giving him the

fullest credit for the "ability, skill, perseverance, and freedom
from prepossession," with which he had carried on his investiga-

tions in regard to it, I eulogised him as warmly as if I had
never come into collision with him. It must also be apparent

to any reader of these lectures, that I did not impute to him any
blame for having originally fallen into an error shared at the

time by the " eminent Physicists in whose judgment the greatest

confidence was placed ;" and that my reason for bringing forwards

the subject was to enforce the lesson, that " no new principle of

action has any claim to scientific acceptance, save after an ex-

haustive inquiry as to the extent to which the phenomena can be
accounted for, either certainly or probably, by agencies already

known."
Circumstances to which I shall presently advert having made

me feel it desirable that this " lesson " should be yet more fully

and emphatically set forth, I applied myself to a careful reperusal

of Mr. Crookes's papers in the Proceedings of the Royal Society,

with the most earnest desire to present a true history of the whole
inquiry ; and I availed myself of the opportunity kindly afforded

ma by the editor of the Nineteenth Century, to place before the

public what I believed to be a fair statement of the case, with

the lessons it conveyed.

Commencing with a description of the phenomena presented

by the Radiometer when it was first exhibited by Mr. Crookes at

the soiree of the Royal Society, I thus continued :
—

"It is scarcely surprising, then, that a general impression

should at once have prevailed that a capital discovery had been

made— that of the direct mechanical action cflight ; which, though

not indicating the existence of a new force in nature, showed
that the most universally diffused of all forces, next to gravita-

tion, has a mode of action which was previously not merely

unknown, but altogether unsuspected. And this impression was
not confined to those who had only a general acquaintance with

Physical Optics ; for it was shared by the greatest masters of that

department of science, who had followed the course of the expe-

rimental researches on which Mr. Crookes had been for some
time engaged, and of which this discovery was the culmination."

—Niruteenih Century, April, 1877, p. 243.

I then went on to give, from Mr. Crookes's papers, a history

of the investigations which had led him up to the Radiometer;

and showed (p. 249) that at that stage of the inquiry, the argu-

ment for the directness cf radiant repulsion, deducible from what

was then supposed to be a fact—the increase of the rapidity of

the rotation in proportion to the perfection of the vacuum

—

"seemed alike valid and cogent."

I next sketched the history of the opposite view originally

propounded by Prof. Osborne Reynolds, supported by Dr.

Schuster's experiment, and finally established by Mr. Crookes's

own later researches, which have culminated in the doctrine of

'
' heat reaction "now generally accepted. In reference to Mr.

Crookes's own part in these subsequent inquiries, I say later on
(p. 254), that "no sooner was adequate ground shown for calling

in question his interpretation of the phenomena, and a vera causa
found in an agency already known, than Mr. Crookes evinced
the spirit of the true philosopher in varying his experiments in

every conceivable mode, so as to test the validity of his original

interpretation." And again in the next page I speak ot his

"carrying out this beautiful inquiry in a manner and spirit

worthy of all admiration."—What higher praise could be given
to a scientific investigator ?

Having brought the history to its conclusion, I thus proceed :

—

" Before adverting to the lessons which this remarkable history

seems to me to convey, I would point out that this change of
interpretation of the facts discovered by Mr. Crookes, does not
in the least diminish either the interest of the facts themselves
or the merit of his discovery. Nor is the value of his Radiometer
in any degree lowered by the demonstration that it does not (as

Mr. Crookes at first supposed) afford an absolute mechanical
measure of radiant energy under any of its aspects. What
(according to present views) it really does measure, is the amount
of ' heat reaction ' producible in gaseous atmospheres of

different kinds and of different degrees of attenuation. And
such a precise method of measurement appears more likely than
any other mode of investigation, to furnish a test of that kinetic

theory of gases, the recent development of which by Prof. Clerk-

Maxwell is regarded by competent judges as constituting (if it

should receive such verification) the most important advance ever

made in molecular physics. Most deservedly, therefore, did Mr.
Crookes receive from the Royal Society the award of one of its

chief distinctions." {Loc. cit., p. 251.)

To this I may add that I personally congratulated Mr. Crookes
most cordially on that occasion, and expressed to him the deep
interest with which I had followed his researches throughout.

And though I had next to show that Mr. Crookes has another side

to his mind, which makes Mr. Crookes the "spiritualist " almost
a different person from Mr. Crookes the " physicist," I carefully

guarded what I had to say on this point in the following words :

—

" I would not be thought for one moment to disparage Mr.
Crookes's merits as the inventor of the Radiometer, by now bring-

ing into contrast with the admirable series of scientific investiga-

tions which led up to that invention, what I cannot but regard

as his thoroughly unscientific course in relation to another doc-

trine of which he has put himself prominently forward as the

champion."
I cannot but surmise that Prof. Carey Foster'must have read

my paper rather carelessly, and have applied to Mr. Crookes,

the inventor of the Radiometer, the depreciatory remarks I felt

called upon to make in regard to Mr. Crookes, the supporter of

a system, a large proportion of which even Mr. D. D. Home has

recently denounced as " a seething mass of folly and impos-

ture.'" If Prof. Carey Foster knew as much as I do of the

mischief which this Mr. Crookes has done, especially in the

United States, on the one hand to his own reputation and to

that of British science,- and on the other to public morality, by
the facility with which he has lent himself to the support of

frauds as wicked as those by which fortune-tellers delude igno-

rant and credulous servant-girls, he would not wonder that I

should feel called upon to show that the high scientific ability of

Mr. Crookes, the Physicist, neither prevents him from believing

in his own day-dreams, nor renders him a match for the cunning

of the clever female cheats who play upon his Spiritualistic

" prepossessions."

1 now pass to the second part of my defence ; and shall show
that for " making it appear that Mr. Crookes had put a wrong
interpretation upon his own results," I can adduce adequate

justification from his own published statements.

Of the "repulsion accompanying radiation" shown in his

early experiments by the swinging-round of the pith bar, Mr.
Crookes said, in 1S74 [Phil. Mag., vol. xlviii., p. 94), "My
mon impression is that it is directly due to the impact of the -ivaves

* See his " Lights and Shadows of Spiritualism," containing an unsparing
exposure of its " delusions," its " absurdities," and its " trickeries.

"

2 On the strength of a private letter from Mr. Crookes, which has beeil

published (m/ae siiiiiic) in the American newspapers, a certain Mrs. or Miss
Eva Fay announced her "spiritualistic" performances as "endorsed by
Prof. Crookes and other Fellows of the Royal Society." The particulars of

the complete public exposure of this woman's disgraceful frauds, showing

that Mr. Crookes's seicniijic tests are no more worthy of trust than the late

Prof Hare's experimental demonstration of the immortality of the sold,

will appear in the forthcoming number of Ffosti/s Magazine,
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upon the surface oj the moving mass, and not secondarily through

the intervention of air-currents, electricity, or evaporation and
condensation."

In a paper subsequently communicated to the Royal Society

(^Proceedings, March 12, 1875), Mr. Crookes characterised the

explanation of the "repulsion from radiation " offered by Prof.

Osborne Reynolds, as one which " it is impossible to conceive" the

phenomenon taking place in a c/iiv«/ca/ vacuum. At the same time

he stated that he was unprepared to offer any other explanation,

and that " he should avoid giving any theory on the subject

until a sufficient number of facts have been accumulated."

After bringing out the Rodiometer,!however, he reverted (as it

seemed to me) to his previous " impression ;
" the whole phrase-

ology of his papers of January 5 and February 5, 1876, appearing

at the time, not only to mystif, but to every one of the eminent

scientific friends with whom I conversed on the subject, to indicate

that he then considered the rotation as directly due to the impact

of the loaves upon the surface of the moving mass. Nor have I

ever imputed it to him as a matter of blame that he took this

view of it ; on the other hand I have stated over and over again

that this seemed the general impression of the distinguished

Physicists to whom we " outsiders " looked for guidance in the

matter. Anyone who remembers what took place at the Meeting
of the Royal Society at which Mr. Crookes's paper was read,

will, I feel sure, bear out this statement.

I shall now specify more explicitly the grounds on which I

attributed to Mr. Crookes, no longer as an "impression," but as

a definite "interpretation " of his facts, that the rotation of the

Radiometer is due to the dii-ect impact of the waves, and chiefly (I

never said exclusively) to those of the luminous waves ; and
further attributed to him a claim to the discovery of a "new
force" or ** new mode of force."

This key-note seems to me to be most distinctly struck in the

following passage :—After pointing out that "there is no real

difference between Heat and Light, all we can tike account of [I

presume he means physically, not physiologically] being difference

of wave-length," he thus continues : "Take, for instance, a ray

of definite refrangibility in the red. Falling on a Thermometer
it shows the action of Heat ; on a Thermopile it produces an
electric current

;

' to the Eye it appears as light and colour ; on a
Photographic plate it causes chemical action ; and on the sus-

pended pith it causes motion."

Now ( I ) this motion being elsewhere spoken of as due to the

imptttts given by a ray of light, (2) a set of experiments being

made to determine the tnechanical values of the different colours

of the spectrum, (3) an observation being recorded on the laeight

of sunlight (without the least intimation that he was " speaking
figuratively," as Mr. Crookes says that he did to his audience at

the Royal Institution), (4) the term Light-mill- being used by
himself as a synonym for " Radiometer," and (5) no hint what-
ever being given of the dependence of the result (as argued by
Prof. Osborne Reynolds) on a "heat-reaction" through the resi-

dual vapour, I still hold myself fuly justified in attributing to

Mr. Crookes the doctrine o{ the aired nuxhanical action of light

;

and I call on Prof. Carey Foster to prove—not that Mr. Crookes
himself did not hold that ductrine— but (which is a very different

thing) that I am not justified by Mr. Crookes's own language in

attributing it to him.

That Mr. Crookes considered such action a "new force " or a

"new mode of force, " plainly appears from my previous citation ;

in which he ranks Motion as a mode of Radiant action additional

to Light, Heat, and Ac;inism, differing as much from either of
them as they differ from each other. If it does not mean this,

what does it mem ?

So, if Mr. Crookes has not changed his mind as to the inter-

pretation of his facts, I ask (l) why he now repudiates as inap-

propriate the term \Light-mill adopted (if not originally given)

^ Having never heard of any pliysical philosoplier from Seebeck to Sir
William Thomson, wlio fooked at tlie electric current generated in the
Thermopile as anytliing else tfian an efTect of the tteating (whether by con-
diiciioH or by radiation) q\ the two metats of which it was composed. 1 was
greAtfy surprised at findmg it ranked by IVIr. Crookes as one of the imiticdiate
modes of Radiant action ; and I cailed attention in^my " Radiometer " paper
to what I supposed to be his mistake on this point. It may be that in my
ignorance of the newest developments of thermo-electric theory (my know-
ledge of it not being later than 1872 ,

'" Everett's translation of Deschanel,"'
p. 652), I have here uninlenlionalfy " depreciated Mr. Crookes's merits;" and
I shall be quite ready to recant and apjfogise for my mistake, if Prof. G. C.
Foster wifl show that it is Dr. Carpenter, not Mr. Crcokes, who is liere

in the wrontj.
2 It is impossible not to 5,ee, in the use of this term, a suggestion that the

vanes are driven round by the direct mechanic-il impetus of Light upon them,
in the same way as the sails of a Wind-mill are driven round by^the direct
impetus of the Wind.

by himself? and (z) why does he now admit that dependence of
the movements upon the presence of residual gas, which he
originally affirmed to be impossible to conceive?

I have carefully confined myself to the tnaln issues of this

question. Prof. G. Carey Foster will doubtless be able to pick
out points of detail in my article, as to which fault may be
found by a severe critic. But I venture to think that I have
said enough to prove that what I said on the subject was written
under the honest conviction that I had adequate ground for my
statements ; and that I shall at any rate be absolved from the
imputation of having ill-naturedly referred to the history of the
Radiometer for the purpose of putting Mr. Crookes in the wrong

;

the "lesson" with which 1 concluded the article being as
follows :

—

" The lesson which this curious contrast [the ' duality ' o ^

Mr. Crookes's mental constitution, which I speak of as hiving
plenty of parallels in past times, to say nothing of the
present] seems to me most strongly to enforce, is that of the
importance of training and disciplining the whole mind during
the period of its development, ot cultivating scientific habits of
thought (by which I mean nothing more than strict reasoning
based on exact observation) in regard to n^ery subject, and of
not allowing ourselves to become ' possessed ' by any ideas or
class of ideas, that the common sense of educated mankind pro-
nounces to be irrational. I would not for a moment uphold that
test as an infallible one ; but it ought to be sufficiently regarded,
to make us question the conclusions which depend solely upon
our own or others' subjectivity, and to withhold us from affirming
the existence of new agencies in Nature, until she has been ques-
tioned in every conceivable way, and every other possibility has
been exhausted." [Op. cit., p. 256.)

October 10 William B. Carpenter

I HEAR from Dr. Carpenter that he is sending to you, for
publication m the next number of Nature, a statetnent intended
as a refutation of an opinion which I ventured to express, in my
address to the Mathematical and Physical Section of the British
Association at Plymouth, respecting an article on the "Radio-
meter," contributed by him to the Nineteenth Century for April
As Dr. Carpenter appears to have interpreted that expression of
opinion in a sense different from that which it was intended to
convey, I shall be much obliged if you will afford me space in
your next issue for a few words of explanation.
The words which I used in referring to his article were these :

" An eminent and accomplished scientific man had published,
within the last few months, an account of the discovery of the
radiometer, the unmistakable tendency of which was, either
intentionally orunintentionally, to depreciate Mr. Crookes's merits,
and to make it appear that he had put a wrong interpretation
upon his own results." The word depreciate, which occurs here,
is, I am aware, susceptible of various shades of meaning, and
perhaps it would have been better if I had guarded myself
against the possibility of misconception that lurks in it. What
I meant was that Dr. Carpenter's account of Mr. (ilrookes's

researches was likely to make his readers form a lower estimate
of their scientific value than, in my opinion, they deserved

;

but whether or not it was intended to have this efiect I did not
undertake to say. I did not mean, and had not the smallest idea
of suggesting, that Dr. Carpenter had been guilty of intentional
and conscious unfairness towards Mr. Crookes. I should have
thought it entirely unnecessary to disavow this latter interpre-
tation of my words, and indeed should have considered it an
insult to Dr. Carpenter's reputation to suppose that anyone would
understand them in this sense, had he not himself (in a recent
correspondence with me) endeavoured to fix this meaning on
them in spite of my repeated assurances that it w.is not intended.

I do not wish to say anything on this occasion in support of
the opinion which I have admitted that I did intend to express,
but I shall ask you to allow me to do so in a future number of
Nature. G. Carey Foster

University College, London, October 14

Mr. Wallace and Reichenbach's Odyle

As Mr. Wallace has attempted (presumably with Mr.
Crookes's editorial concurrence) to rehabilitate, in the July
number of the Quarterly Journal of Science, the Odyle-doctrine
of Baron Reichenbach, I think it well to slate that I yesterday
availed myself of an opportunity of personally asking my friend
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Prof. Hoffmann, of Berlin, whether that doctrine any longer
finds support among scieniific men in Germany. //« rcplv was a
most emphatic mgalive ; the doctrine, he said, heing one which no
man of science with whom he is acquainted would think worthy
of the slightest attention. Yet in Mr. Wallace's judgment (query
in Mr. Crookes's also ?) the unanimous verdict of the scientific

world of Germany, to say nothing of England, is a prejudiced
one ; only Mr. W. and his spiritualistic allies appreciating cor-

rectly the real force of the evidence originally advanced by
Reichenbach, and confirmed by those trustwoithy (?) authorities,

Drs. Ashbumer and Gregory.
In thus setting his own judgment on a question which lies

altogether outside the scientific domain which he has made his

o.in, at;ainst the unanimous verdict of the eminent physicists

and physiologists who have carefully " tried " the Od-force and
" found it want ng," and in rebuking myself and those who think
with me for our incredulity, does not Mr. Wall.ice put himself
somewhat in the attitude of his old opponent, John Hampden,
who thinks everybody either a fool or a knave who maintains the
earth to be round? William B. Carpenter

October 22

Potential Energy

With reference" to the views of "John O'Toole" on the

subject of energy perhaps you will allow me to say how one of

the class to whicli "poor Publius " belongs has conceived the

matter ol terminology with satisfaction to himself.

1. Energy being unanimously defined by " the doctors " to be
"capacity for doing work," and also energy conveying in its

derivation the notiun of activity, this term is properly applicable

only to the bodies of material systems the motions of which are

contemplated. Hence all energy is in its nature kinetic—the

very term kinetic is logically included in the term energy.

2. When a material system is in motion it actually possesses,

ipso facto, a capability of doing work, that is to say, it has
actual energy.

3. When in any configuration of the system we contemplate as

possible the action of causes which will alter its motions and give

it a second configuration, the excess of the energy which it would
possess in this second configuration over the energy which it

possesses in the first is properly called its potential energy in the

first configuration.

4. The asseition that in any configuration the sum of the

energies, actual and potential, of a material system is constant, is

what Kant would call an analytical proposition, or what "X."
(quoting Herschel) calls "only a truism after all." But I further

remark—
5. That this truism is not the prmciple of the conservation of

energy, but that this principle is a true " synthetical proposition
"

which some fairly regard as an almost immediate deduction from
Xev.ton's third law, and which others regard as proved by often

repeated and much varied experiment; and hence that "X.'s"
statement of this great principle in the form—"The sum of the

actual and potential energies of tkeniiwerseis a constant quantity,"

(the italics are nine) is not its proper definition.

6. That, leaving the consideration of bodies, and referring to

forces, the term to be employed instead of energy is work, and
that the term analogous to the "potential energy of bodies" is

the "potential work of forces," this latter being the amount of

work which they are capable of doing in displacing their points

of application from their actual configuration to any fixed chosen

one.

7. That by the expenditure of a fixed amount of work on any
material system the same amount of actual energy (whose type

is \ m v'-) is under all circumstances produced, and that, through

whatever forms this actual energy is made to pass, if the whole

of it is always utibsed, it will finally be reconvertible into the

same original amount of work, this being the principle of the

conservation of energy.

8. That instead of the statement in 5, we must substitute the

synthetical proposition that " the sum of the actual energy of the

bodies in the universe and the potential wok of its internal

forces is a constant quantity," and the same is true of every

material system which is regarded as complete in itself ; or in

other words, wherever and however a given quantity of potential

work is lost by the forces of the system, this always appears in

the shape of a fixed quantity of actual energy, in the form which

we call heat, or in some Crther.

Hence we have energy, actual and potential, of bodies ; and
work, actual and potential, of forces.

A few remarks in conclusion. "J. M." has very happily
illustrated the propriety of the expression potential energy, as,

in strict consequence of the definition of energy, a potential
capacity of doing work ; and if in his illustration the "power of
purchasing" is considered with reference to a further object,

there may be not merely a "double remotion from " what we
may regard as "tangibility," but a remoiion of a higher muUiple
order. " W. G." has well explained that it is only in conse-
quence of the fixedness of the earth that the potential energy of
the system of the earth and stone is by the " doctors " located
in tlie stone. Finally, I can hardly conceive how " X. ," who has
devoted so much attention to the literature of this subject, can
have fallen into such a grievous error with regard to the clock.

Royal Indian Engineering College, G. M. Minchin
Cooper's Hill

Your " Potcnti.il Energy " corespondents will find three
letters on the " Conservaiion of Energy" in the Engineer for,

January 12 and 19 and Febru.ary 2 which may interest them.
Tlie writer " *n " assum.es that all the phenomena of force are
explained by the theory that only matter and motion exist, and
that what we ciU potential "energy" is only "quantity and
motion," which motion is indestructible but difTusible. Z.

London, October 20

Origin of Contagious Diseases

I HAVE been much struck by the following passage in Dr.
Richardson's address, Nature (vol. xvi. p. 4S1) :

—

" (<-) That as regards the organic poisons themselves and their

physical properties, tlie great type of them all is represented by
tlie poison of any venomous snake. . . . It is the type of all

the poisons which produce disease."

Now has it been really proved, by experiment, that the poison

of snakes produces the effects characterising the contagia ? viz.,

"(0) . . . Each particle of any of these poisons brought into

contact either with the blcod of the living animal or with certain

secretions of the living animal, possesses the property of turning

the albuminous part of that same blood or that same secretion

into substance like itself. ..."
In other words, if an animal is suffering from snake poison

does its blood or any of its secretions acquire the power of

transmitting the disease, i.e., the effects of a snake's bite, to

another individual, as is the case with an animal affected with
carbuncle, ghnders, hydrophobia, &c. , &c. ?

Unless this question has been decided in the affirmative it

would appear rather difficult to uphold the sentence (<r) as quoted
above. D. W,

Freiburg in Brisgau, G. J., October 14
[Dr. Richardson informs us that D. W. does not properly

understand his argument. Dr. Richardson does? not suppose

that the person or animal poisoned from a poisonous snake is,

in turn, poisonous, although that may be the fact. He merely

uses the illustration that as a poisonous snake secretes a poison

so an infectious person is for the time secreting a poison.]

I SEE by your issue of October 4, that Dr. Richardson has

honoured me by mentioning my name and placing me as the

first, in modern times, to advocate the hypothesis that hving

germs are the exciting agents of epidemic and infectious diseases.

But he says further, " I protest, I say, that this hypothesis is the

wildest, the most innocent, the most distant from the phenomena
it attempts to explain, that ever entered the mind of man to

conceive." It may be so, but I look in vain through the whole
story he narrates in his lecture to find a rational substitute for it,

and it appears to me desirable at the present juncture that the

principles of the germ theory, as I have interpreted them, should

stand side by side with Dr. Richardson's " glandular theory."

It is now nearly thirty years since I endeavoured to find some
common root or cause for those diseases which we find in plants,

animals, and man, and which are communicable among the

individuals of each order in nature ; also, in some instances, from

one order to another. During that thirty years every step in

scientific research and medical experience as far as my inquiries

have carrried me, has tended to confirm the views I put forward

in my original "Essay" and in subsequent papers read before

the Epidemiological Society. Notably the latest advocates of a

germ theory are tivo of our most eminent men, the one a leader

in science, the other a leading physician. I need hardly say I

allude to Prof. Tyndall and Sir Thomas Watson; surely these
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gentlemen cannot be charged with committing themselves to an

hypothesis 'Uhe most distant from the phenomena it attempts to

explain.

"

Now if it can be shown that the germs of disease are subject

to the same laws as other living things and exliibit similar

phenomena, and further, that without the inference tliat tliey are

endowed with vital properties, it is impossible to unravel the

most striking character which they present to us for consideration,

viz., the fact that they reproduce their kind, then I think there

is more reason for following up, in all its intricacies, the germ
theory, than to start with an assumed catalysis, molecular motion,

and a glandular matrix, as suggested by Dr. Richardson.

Starting, then, from the indisputable fact that the materias

morbi of every communicable disease reproduces its kind, I have

considered this a primary law, and have tabulated other laws

which are associated with living beings by which it will, I think,

be found that there is a parallelism of a kind to attract and rivet

attention, especially, too, when many otherwise inexplicable

circumstances bend to this hypothesis.

Primary Law of Reproduction, by which all living things

reprodiiee their hind.

Secondary Laws.
Objective Laws.

1. The diffusion or dispersion

of germs.

2. Their static existence.

3. Limited duration of active

existence.

4. Period of development,
maturity, and decay.

5. Intermittent reproduction.

Subjective Laws.
1. Seasonsof activity.

2. Climatic influence.

3. Relation to latitude.

4. Subjection!

forces.

5. Influence of locality.

physical

Without amplifymg this subject, which would carry me far

beyond the limits of an ordinary communication, I will only add
that though the above tabulation is very imperfect, there is quite

sufficient for any one who will follow out the ideas conveyed by
it to trace the intimate relation that exists between living beings

and the germs of disease. I would refer finally to the fact that

many diseases in men and animals have yielded 'up living germs
as their cause, chiefly, I may add, skin diseases it is true ; but

aphtha,^ closely associated with diphtheria, is, I think, acknow-
ledged by all unprejudiced persons to have. its origin m an
unmistakable and demonstrable germ. John Grove

The Zoological Relations of Madagascar and Africa

Without entering into the details of this very difficult ques-

tion I wish to be allowed to state some of the general reasons

which have led me to a different conclusion from Dr. Ilartlaub,'

and also to point out where he has not quoted my opinions with

perfect accuracy. Instead of saying that " the fauna of Mada-
gascar is manifestly of African origin," my actual statement is as

follows ;
—"We have the extraordinary fauna of Madagascar to

account for, with its evident main derivation from Africa, yet

wanting all the larger and higher African forms ; its resemblances

to iNIalaya and to South America ; and its wonderful assemblage
of altogether peculiar types " ("Geog. Dist. of Animals," vok i.

p. 2S6). My reasons for believing in the " main derivation" of

the fauna from Africa can only be understood by considering the

theory, now generally admitted, of the origin of the fauna of
Africa itself. All the higher mammalia are believed to have
entered it from the northern continent during the middle or latter

part of the tertiary period, and the occurrence of Psittacus and of

forms supposed to be allied to plantain-eaters and to Liptosjmiis

in the miocene of France, render it probable that many of the
peculiar groups of African birds had their origin in the old

PalKarctic region. Now Madagascar presents many cases of

special aflSnity with .South Africa, especially in insects, land-

shells, and plants ; and if we suppose it to have formed part of a
.South African land before the irruption of tlie higher mammals
and birds from the north, we shall I think account for many of
its peculiarities. Such facts as its possessing Potamochixrus and
the recently extinct Hippopotamus, while it has thirteen or fourteen
peculiarly African genera of birds against four or five that are
peculiarly Oriental ; of its having many African genera of lizards

and tortoises ; of its butterflies being decidedly African ; of its

numerous African genera of Carabidce, Lucanidje, and Lamiidte
;

while the specially Oriental affinities of its mammals, reptiles,

» See Medical Times, 1851, vol. u. p. 95.
' Nature, vol. xvi. p. 498, and the Ibis for July, 1847, p. 334.

and insects are hardly if at all more pronounced than the South
American affmities of the same groups,—all seem to me to warrant
the general conclusion that the " main derivation" of the Mada-
gascar fauna is from Africa.

Dr. Ilartlaub speaks of my " attempted parallel between
Madagascar and Africa, and the Antilles and South America "

in such a way that his readers must think I had dwelt upon this

parallel in some detail as being special and peculiar. The fact

is, however, that I have always referred to it in a very general
way. At p. 75 vol. i. I say :

" The peculiarities it (the JIalagasy

sub-region) exhibits, beings of exactly the same kind as tho.se

presented by the Antilles, by New Zealand, and even by Celebes
and Ceylon, but in a much greater degree." And again, at

p. 272, vol. i., I speak of it as "bearing a similar relation to

Africa as the Antilles to Tropical America, or New Zealand to

Australia, but possessing a much richer fauna than either of

these, and in some respects a more remarkable one even than
New Zealand." This mineral comparison with the two other

great insular sub-regions is, I think, justifiable, notwithstanding
great differences of detail. There is in all a rich and highly

peculiar fauna, a great poverty of mammalia, and a total absence

of many large families of birds characterising the adjacent

continent, together with special points of resemblance to distant

continents or to remote geological periods.

It seems to me that such a problem as this cannot well be
solved by means of a group which, like birds, do not require^ an
actual land-connection in order to reach a given country ; and, if

all land animals are taken into account, tlie evidence does not
appear to warrant the supposition of a recent land-connection

of Madagascar with India or Malaya. At a very remote epoch
such a connection may have taken place, but if we are to give

any weight to the general facts of distribution as opposed to

those presented by birds only, the union of Madagascar with
South Africa is more recent and has had more influence on the

character of the Malagasy fauna. The numerous and very

remarkable points of affinity between Madagascar and South
America in almost every group except birds, are not alluded to

by Dr. Hartlaub, yet they would equally well support the notion

of a former u-nion of those two countries independently of Africa.

It seems, however, more consonant with our general knowledge
of distribution to consider these as cases of survival of ancient

and once wide-spread types in suitable areas ; and this is a
principle that must never be lost sight of in attempting to solve

the problems presented by such anomalous countries as Mada-
gascar. Alfred R. Wallace

Selective Discrimination in Insects

Your correspondent S.B., in hisletter in Nature of yester-

day's date, must be referring to some short abstract only of my
lecture on flowers and insects. I quite agree with him that

odour is very important in attracting insects, and dwelt upon it

in my lecture, as well as in my little book on " Flowers and
Insects." A striking illustration is afforded by night flowers,

which often become peculiarly odoriferous towards evening, as

has been already pointed out by various observers.

S.B. attributes, I think, too little importance to the colouring

of flowers, but his letter shows him to be a careful observer, and
I hope he will continue to devote his attention to the subject.

He would find H. MuUer's "Blumen und Insekten" a mine
of most interesting and accurate observation.

London, October 19 John Lubbock

Protective Colouring in Birds

With reference to the statement in my " Naturalist in

Nicaragua," p. 196, that the macaw "fears no foe," &c., the

well-known geologist, Prof. Gabb, sends me the following infor-

mation :
—"I willingly comply with your request to repeat the

statement about the A'ukong pum; or macaw hawk of Costa Rica.

Not having your book by me now I cannot refer to page nor
quote your statement exactly. But as I recall it, you speak of
the great red and blue macaw as being so well defended as to

need no protective colouring, and that no hawk dares attack it.

In this you are mistaken. Not only have I seen on several

occasions heaps of the unmistakable feath-ers of the bird in the

woods, left in the manner that all woodsmen recognise as hawk's
work, but I have the statements of various Indians, not in collu-

sion, confirming each other, and finally I have had the bird

pointed out to me (I am not sure but that it|may occur in the col-

lection I sent to the Smithsonian). It is afaur-sized hawk of dark
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been established had quite justified by success the experiment of
their formation. The number of societies in union had increased
from twenty-one to twenty-five, and of members from 1,050 to

1,300. The change of name having been mentioned, the pro-

proposed issue of Transactions was spoken of. In response to

the council's appeal for funds, a liberal, though of course not as

yet suflicient, response had been made. There are at present
about 105 subscribers to the funds, which, after defraying the

expenses of the meetings, will be 'devoted to the publication of

Natural History Transactions for the county. The financial

statement showed a balance available for purposes of publication

of over 20/. Mr. Henry Chfton Sorby, F.R.S., of Sheffield,

was unanimously elected president.

The Committee of the Chester Society o Natural Science

announces that in connection with the Gilchrist Educational

Trust, si.\ Popular Science Lectures will be given in the Town
Hall, Chester, on successive Tuesday evenings, commencing
Tuesday, November 6, by Ptof. W. C. Williamson, F.R.S.,

Prof. P. Martin Duncan, M.D., F.K.S., and Dr. William B.

Carpenter, C.B., F.R.S. The admission to each lecture is only

one penny. The Chester Society has founded a Kingsley

Memorial, which has taken the form of a number of prizes,

details concerning which will be found in our advertising

columns.

The following is the title of the essay to which the Howard
Medal of the Statistical Society will be awarded in November,
1S7S, the essays to be sent in on or before June 30, 1S7S,

"The Effects of Health and Disease on Military and Naval
Operations." The council have decided to grant the sum of

20/. to the writer who may gain the "Howard Medal" in

November, 1S7S.

M. DE FoNA'iELLE sends us an account of a balloon'ascent he

made on the iSth instant in the Hydrogoie. The departure took

place from the Champ de Mars at half-past three r. M. The balloon

at first was pushed by a gentle north-easterly wind blo%ving in

the direction of the valley of the Seine to an altitude of 600

metres, when it met with another aerial current coming from

north-west. The air was quite moist. The rays of the disap-

pearing sun covered the ground with a strong red colour, and

M. de Fonvielle suggests^that the planet Mars takes its reddish

shade owing to the large quantities of vapour disseminated in its

atmosphere. When the Hvi/roi^ciiew-as passing from the inferior

current to the superior it received a" sensible shock and vibrated

like a pendulum for some time. From 1,200 metres to 1,600

he found a wind blowing from the north-east like the first met

after starting. The air was cold and dry. The temperature,

when ascending, was 13° Cent, in the shade and at 1,600 meters

he found 3° Cent, undero. When landing at a quarter-past six

the thermometer gave 10° Cent, on the ground at Bonelle, about

forty kilometers from the Champ de Mars. During about twenty

minutes, having descended in the vicinity of land not above 300

metres, the balloon met a south-westerly^' wind which was

prevailing in the valleys of Bievre. That current of air was

obviously enough a modification of the principal wind in

consequence of the hilly character of the district. Such local

winds observed by meteorologists can lead to no practical

conclusions at all. If we consult the readings taken at the

stations of the International Service on October 18 at six p.m.,

we find almost no two stations having the same wmd in

the Parisian district. The only wind worthy of note was

that shown by the direction of the clouds, and of which no

account was taken. M. de Fonvielle states he never met

in his many aerial journeys with circumstances so strongly in

favour of the introduction of cloud observations in weather

prognostications. The principles advocated by Buys BaUot, and

practised by Norwegiao observers, received a strong con-

firmation.

On the map of Major W. F. Raynolds, embracing that portion
of the Missouri River country traversed by himself in 1S59 and
1S60, there was first recorded the peculiar hydrographical feature
known as the " Two-Ocean Water." Its position is there indi-

cated roughly by means of dotted lines, according to the account
given by Bridger, the guide of the patty. In the report of the
expedition Raynolds remarks that "having seen this phenomeon
on a small scale in the highlands of Maine, where f rivulet

discharges a portion of its waters into the Atlantic and the
remainder into the St. Lawrence, I am prepared to concede (hat
Bridger's 'Two-Ocean River' may be a verity." Dr. Hayden,
after a careful reconnaissance of the region, reported that such
a phenomenon was at least doubtful, at the same time suggesting
that the "low ridge in the great water"' divide of the continent
has doubtless given rise to the story of the Two-Ocean River, and
such a stream has found its way to most of our printed maps. The
expedition of Capt. W. A. Jones, in 1S73, ascended the valley of

the Upper Yellow-stone for twenty-five or thirty miles, the trail of

the party left the maishy bottom-lands to traverse the drier

portion about fifty feet above the stream upon the right bank.
The river at this point was then (early in September) rather

sluggish, the slope being somewhat gradual. Presently they
crossed a small, but rapid rivulet, coursing down the mountain
side, and falling abruptly into the valley just beneath them.
Beyond them the view was unobstructed, but the stream appeared
to ascend the slope towards them, until they observed that the

rivulet had divided in the plain below, one portion gliding silently

into the river behind them, to find its way at last into the Gulf
of Mexico, while the other branch had descended in front to join

the westward flowing waters of the Columbia, via Snake River,

finally reaching the Pacific Ocean. The true position of this

remarkable feature of physical geography is clearly shown on the

map which'illustrates the report of Capt. Jones (" Report upon the

Reconnaissance of N. W. Wyoming made in the summer of 1873,
by Wm. A. Jones, Captain of Engineers. Washington : Govern-
ment Printing Office, 1S74"). The mountain stream now bears the

name proposed by Raynolds—the "Two Ocean Creek"—and
its two branches are named respectively, Atlantic and Pacific

creeks. Thus is verified another of the stories of that faithful

guide and hunter—James Bridger—one of the most worthy of

Rocky Mountain pioneers.

The Eleventh Annual Report of the Warden of the Standards

has been issued. The office of W^arden of the Standards, on
the retirement of the late Warden, Mr. Chisholm, was associated

with that pi the Permanent Secretary of the Board of Trade,

so that the Report is signed by "T. H. Farrer," as Warden of

the Standards. The practical duties of tlie department are

discharged by,Mr. H. J. Chaney. Among the subjects referred

to in the Report is the rude and antiquated method of teaching

weights and measures in our schools, which has been referred to

in previous papers of the department. It would appear, from

present arithmetic bcoks that the student may still be taught

the particulars of weights or measures which can be of no possible

use to him in after-life. Another interesting point referred to is

the merits of "short-arm" and "long-arm" balances. To
meet the requirements of modern science a balance is needed by

which the weights of bodies may be determined most accurately

and quickly. Prof. Mendeleef, of St. Petersburg, and Herr

Bunge, Mechanicus, Hamburg,'have shown that it is possible to

weigh quickly and accurately by the use of a balance whose beam
has much shorter arms than those now in general use. A prac-

tical test of the relative merits of a beam with long arms and oi

one with short arms has been made in the department. By this

test, as well as from the mathematical consideration of the ques-

tion, it has been ascertained that whilst the probable error of a

weighing made with the short-arm balance is slightly greater than

the probable error of a weighing made with the long-arm balance,
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yet a weighing by the long-arm balance occupies twice as much

time as one made witli the short-arm balance. Consequently

great economy of time is obtained by the use of a short-

arm balance. Prof. BarlT's process for preventing the corro-

sion of iron appeared to the department to be likely to

prevent the oxidation of Standard weights made of iron. Prof.

Baiff has undertaken to submit some specimens of iron weights

to this proces.";, and it is intended to place these weights in the

hands of some local inspector of weights and measures so that it

may be ascertained whether iron Standard weights thus protected

could safely be used in place cf the expensive bronze or brass

Standard weiglits at present used. The Report refers to several

other points connected with the working of the department, one

of importance to the general public being its operations in con-

nection with the testing of gas meters.

Mr. a. Ri.ngwood, of Adelaide, South Australia, publishes

a plan by which one observer may measure the height of llie

clouds. The observer is to note the altitude and azimuth of the

cloud, the azimuth of the cloud's shadow, and the spot in the

surrounding country wliere tlie shadow falls ; from this la^t

observation by means of a map he can find the distance of the

sh,idow from him. From these elements, together with the

altitude and azimuth of the sun, a variety of expressions for the

hc'ght of the cloud can be deduced. The method is equivalent

to taking observations at each end of a base whose length is the

c'iJance of the shadow from the observer, the observer at

the shadow end of the base being the sun. The difftculty of

recognising the shadows of individual clouds and the compara-

tively short time in each day during which it would be possible

to do so, joined with the fact that the higher clouds, such as

c'rrus and cirrocumulus, hardly ever cast defined shadows, must

prevent the method from becoming generally useful ; but still

tliere is this to be said for it, that if in an observation the base,

i.e., the distance of the cloud's shadow from the observer, is

It ng, a good measure of the height of the cloud may be got with

comparatively rougli observations of the other elements.

The singing of mice is a phenomenon which was recently

affirmed by Dr. Berdier in a letter to La Nature. A distinguished

lierpetologist, M. Lataste, suggested that he may have made con-

fusion with the singing of a raniform batrachian, the Bomlunator

i^ncus, but Dr. Berdier said there was no marshy ground near the

room in which he had heard it, and he stuck to his assertion. His

observation has been confirmed |at a recent meeting of the French

Societe d'AccIimatation, by M. Brierre, who stated that he, with

several others, had heard mice sing at Saint-Michel-sur-l'Heron

(in Vendee), in £851-1853. The singing (which was .it first

attributed to reptiles) came from an old cupboard bought in a

market-place, and concealing mice. It was about sunset that the

sounds generally commenced. M. Brierre soaped the joints and

the wood so that he might open the cupboard suddenly without

noise. He did the latter one evening soon after the sounds had

commenced, and succeeded in observing, for about a minute, the

movements of the throat of a mouse, which emitted a song like

that of a wren, the snout being elongated and held up in the air,

as a dog does when he howls. He seized the animal with his

hand and called others to see it, but it got off. The singing was
resumed the same night and those following. M. Brierre is unable

to attribute the singing of the mice (as Dr. Berdier does) to imita-

tion of that of canaries, for he had no birds in the house, nor had

the previous proprietor of the cupboard any.

In describing some recent falls of meteoric stones in America,

Mr. Lawrence Smith has pointed out {Comptes Rcndus) that in the

last eighteen years there have been, in the United States, twelve

falls of meteorites which have been collected ; and he notes the

remarkable fact that eiglit of the meteorites, representing more
than 1,000 kilogrammes of matter, have fallen in the region of

the Western Prairies, and on a surface which does not exceed one-

eighth of the extent of the United States. This cannot evidently

be attributed to there being a dense population and numerous
observers (a consideration sometimes urged). Still more striking

is the circumstance that in the last sixty years there have been

twenty falls of meteorites observed in the United States, of

which ten, or the half, have fallen in this same region ; and,

moreover, these falls have brought about 1,200 kilogrammes of

mineral substance, a quantity twenty times greater than that of

the ten other falls recorded as having occurred outside of this

region.

It has long been known that the photographic image of a

luminous object is dilated at the expense of the dark parts or

the field itself. This has been merely attributed to a gradual

advance of the chemical action (without further attempt at expla-

nation). The phenomenon has recently been studied by M.
Angot (Journal de Physique). He finds that the dimension

of the images increases with the intensity of the light, with the

duration of exposure, with the sensibility of the plate, with

diminution of the aperture of the objective, and that it is greater

when the plate has not previously been impressed by diffuse

light than when it has. M. Angot discards the hypothesis of a

mysterious advance of chemical actions, and shows how the

phenomena are accounted for by the ordinary theories of optics.

This variation of the diameter of images is inevitable in practice

;

to render it very small the operator should satisfy himself that

the objective used is aplanetic, i.e., free, as far as possible,

from aberrations of sphericity and refrangibility. He has only

then to take account of variations due to diffraction, which may
be attenuated by using objectives of large aperture. It is by
using an objective without sensible aberration and of fifteen

inches aperture that Mr. Rutherford has succeeded in obtainmg

his magnificent photographs of the moon.

Some interesting experiments on the photo-electricity of

fluorspar have recently been described by M. Hankel to the

Saxon Academy of Sciences. His attention was drawn to the

phenomena in studying the thermo-electric properties of crystals.

The new effects were found much more intense than those got

by heating the crystal, or by friction of its surface with a brush
;

moreover, they were of contrary sign, and«o must be attributed

to an action proper to light. Tlae principal results of experiment

are these : The centre of a crystalline face presents, after

exposure of about an hour to sunlight, a strong negative tension,

while the tension towards the sides is much less, and even most

frequently positive. An exposure of the crystal to the tem-

perature of 95° for several hours produces, during cooling, the

smallest positive tensions at all points of the crystal. Experi-

ments made by filtering light through coloured glasses, a layer

of water, a solution of alum or of sulphate of quinine, showed

that the chemical rays are much the most active. Lastly, a

too strong concentration of light on the crystalline face removes

all sensibility to the ulterior action of light. To give an idea of

the degree of tension observed in such experiments, M. Hankel

states that a brass plate 95 mm. in diameter, connected with a

zinc element, copper, and uninsulated water, gave a deflection

(in an electrometer composed of a gold leaf hung from an insu-

lated brass rod between two insulated plates of brass) of i°'2

on approaching the centre point as nearly as possible, and about

o°'6 on approaching the edge. The deflections obtained by

exposition to light reached 21", and even 26° in the centre of

surface of a crystal electrified by light.

As supplemental to the article on' the blue gum-tree, at p. 443
of Nature, voh xvi., the following notes from a report on the

culture of Eucalyptus in Algeria by Consul-General Playfair will,

no doubt, be interesting. With regard to rapidity of growth, it

seems that the first trees ever planted in Algeria were sown in

1862, and upon being measured in 1874, that is at twelve years
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of 3ge, gave a circumference at one metre from the ground of

I '52 metres, another of eleven years growth gave I '42, and

another, planted in fresh alluvial soil, nine years of age, gave

I '57 metres—about six inches more, Col. Playfair says, than

he could embrace with both arms. To the question of

the sanitary effects of Eucalyptus a good deal of atten-

tion has been directed. An inquiry was instituted by the

Society of Physical and Natural Sciences at Algiers under the

presidency of Dr. Bertherand, and the result was that from thirty

localities reports were received, all of which speak favourably of

the Eucalyptus as a fever preventive. On ihe banks of Lake

Fetzara, near Bone, 60,000 young trees of Eucalyptus ghlulus

were planted in 1S69. At the present time they have attained

a height of from 7 to S metres each, and have, it is said produced

a very marked effect on the locality. Such was the feverish

condition of this district on the annual fall of the water and the

denudation of its banks that the director of the Jardin d'Essai,

who went to examine the condition of the plants, was imme-

diately seized with a violent fever which lasted twenty days.

This gentleman, however, now reports that the miasmatic influ-

ences which affected him so strongly then have disappeared, and

the mosquitoes which rendered the place uninhabitable have dis-

appeared with them. At the great iron mines of Mokta et Hadid it

was formerly impossible for the workmen to remain there during the

summer ; those who attempted to do so died, and the Company
was obliged to take the labourers to the mines by train every morn-

i ng, and to carry them back to Bone at night, a distance of 33 kilo-

metres each way. From 1S6S to 1870 the Company planted more

than 100,000 Eucalyptus trees, and now the workmen ate able to

live all the year through on the scene of their labour. Consul PUy-

fair advances the following reasons as 'accounting for the causes

of the improvement in climate from planting Eucalyptus trees :

—

"In some places," he says," the trees destroyed miasma by

utilising the moisture of the soil in which they were planted,

and thus draining marshes ; the emanations from their leaves

also may have produced a salutary'effect. They contain a large

quantity of essential oil very similar to turpentine, which they

emit in great quantities, especially when stiired by the wind,

and this acts, it is supposed, as a febrifuge. " We are further

told that considerable numbers of Eucalyptus have been planted

all along the ^railway from Algiers to Oran. Where this line

passes through the Metidja the trees have grown most success-

fully, but in the Chelif they have proved almost an entire failure.

This, however, may have been due to their receiving no attention

whatever after being planted.

We have received reprints of two papers by Dr. C. Le Neve
Foster, one "On Some Tin- Lodes in the St. Agnes District,"

and the other " On a Deposit of Tin at Park of Mines."

We have received an interesting little publication, by Mr.

Edwin Lees, F.L.S., reprinted from the Transactions of the

Malvern Naturalists' Field Club, on "The Forest and Chase of

Malvern, its Ancient and Present State," with notices and

illustrations of the most remarkable old trees remaining within

its confines.

The additions to the Zoological Society's Gardens during the

past week include a Bonnet Monkey {A/acacus i-aJiatus) from

India, presented by Mr. Richard Turner ; an'Azara's Yox(Caitis

azara:), two Brazilian Cariamas (Cariama cristata), a crested

Screamer {Chauna chaz'aria) from the Argentine Republic, two
Crab-eating Raccoons (Procyon caucrivorus) from South Brazil,

a Yarrell's Curassow (Ctojt carunculata), a Sclater's Curassow

(Crax sclateri), a Globulose Curassow {Crax globulosa), a

Garden's Night Heron (Nycticorax ganlcni) from BrazU, four

Silky Cow Birds {Molothyus botiariensis), a Banded Cotinga

(Cotinga ciucta), a Yellow-fooled Thrush {Turdus Jlavtpcs) from

Bahia, deposited; an Ostrich (St?uthw camelus) from Africa,

received in exchange.

THE LIMITS OF NATURAL KNOWLEDGE^
II.

TTAVING considered the capacity of the subject and the
-^ ^ accissibility of the object, we must now turn our attention

to the copula, i.e., the demands which we make of knowledge.
As all conceptions which we form of nature are exclusively the

results of sensual perception, our knowledge cannot go further

than to compare the phenomena we have observed, and judge
them with reference to one another. If any phenomenon of a
special nature occurred only once, if, for instance, we were the

only existing organisms our insight would be extremely limited,

because all our knowledge of the human organism we have
essentially obtained from its connection with all other organic

beings. The comparison of many phenomena gives us a unit or

a standard by which we can measure and determine each single

one. We therefore obtain just as many measures as there are

properties in nature which we can perceive by our senses or

which can be inferred from sensual perceptions by our judgment.
As these measures are deduced from finite facts they have only a

relative value, and our knowledge remains finite for the same
reason.

We therefore understand a phenomenon, we know its value

with regard to other phenomena if we can measure, count, or

wei^h it. We have a clear idea of the size of the lowest fungus,

of which we must place some 2,000,000 or 3,000,000 individuals

side by side to complete the length of a metre, of the size of an
elephant, of the earth, of our solar system, the radius of which is

somewhere about 3,000,000,000 miles. We have a clear idea of

the time in which a ray of light carries to our eye the writing of

a book which we read, and which is about the yTri) a irath part

of a second—of the life-time of the lowest fungus wliich in a
plant-box or in the human body is replaced by a new generation

after only twenty minutes—of the life-time of an oak which
may be several thousand years, and of the 500,000,000 years

which have passed since the generation of organisms upon our

earth.

Natural bodies are composed of parts ; the value of their

internal structure, of their organisation, is exactly determined by
the quantity, nature, and arrangement of these parts. They
therefore give us the measure by which we judge the compound
whole, and with which we measure its organisation as it were.

The morphological or descriptive natural sciences by these

measurements obtain their scientific data. Chemistry, which at

the present time is still an eminently morphological science and
which investigates the formation of compounds from elementary

atoms, and mineralogy, which presupposes the uniform arrange-

ment of molecules, have arrived at a state of great perfection.

The common measure for organisms is the cell, and further on
the organ ; the common measure for the systematic unities of

organic nature (for varieties, species, genera) we find in indi-

viduals and generations.

We are enabled not only to compare the different objects and
measure them by one another, but in as far as it changes, we may
also compare a system, a unit (tinheitliche) group of things ofsimilar

nature, with itself and measure it by itself The knowledge of the

change is complete if the later stage is proved to be the necessary

consequence of the earlier one, or the latter to be the necessary

predecessor of the later one, if one can be constructed from the

other, if therefore both stages can be brought into the relation of

cause and effect to one another.

In the elementary domains of the material this causal relation

is the mechanical necessity, which for two successive stages

demands the equal sum of motion in a certain direction (or living

force) and of potential energy. Among the sciences which apply
here astronomy ranks first ; next in efficiency are several physical

sciences, particularly the mechanical theories of heat and optics.

Physiology, or the physics of the organic world, tries to pene-

trate into a far more difficult and more complicated domain, by
following the footmarks of her older sister.

In the higher domains of the material we cannot for our causal

knowledge uphold the demand for this mechanical necessity.

Indeed this is perhaps impossible in the case of all structure.

^ Address delivered at th2 Munich meeting of the German Associa-
tion, by Prof. C. von Niigch, of iMunich. (The author, in a note to the
German original, remarks that this lecture had to replace another in the
programme, which had been promised by Prof. Tschernialc, of Vienna. At
the eleventh hour Prof. Tschcrmak announced his inability to attend the
Munich meeting, and the author was requested by the secretaries to fill the
gap thus occasioned. The address therefore, the author slates, bears the
stamp of its hasty origin, as it was written during a journey in the Alps,
when there was.neither sufficient leisure nor opportunity for careful and
elaborate work.) Continued from p. 535.
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We shall probably never succeed in explaining definitely why
the origin of a chemical compound and of a crystal must be the

necessary result of known forces and motions of elementary

atoms and molecules. This will be the case still less with the

formation of cells, with the growth of organisms, with the propa-

gation and inheritance of peculiarities. And yet we may, even

in these ilomains, speak of causal knowledge with some show of

right, only the elements which constitute this knowledge are not

simple forces and motions, but very complicated combinations of

these, which are not analysed further. Our causal knowledge

will arrive at perfection when we succeed in predicting future

events with the same certainty and exactness as astronomers do.

Now we already find certain indications of this in the chemistry

of compoiinds and in organic morphology, since it is possible

to make deductions from certain stages of development of an

orqanism with regard to earlier or later stages of the same. And
a time will arrive when the organic laws of the still youthful

history of development of the individual and of the still younger

history of development of the species will have been more
investigated, and when we need no longer presuppose ontogenetic

and phylogenetic necessity as a matter of course, but when we
will also be able to understand the cause of this necessity.

The objection will perhaps be raised that causal knowledge
certainly consists of our understanding the necessity, as in the

case of mechanics, but that this does not apply in domains where
we must start from uninvestigated compound objects. The
mechanics of tlie heavens is based upon general gravitation and
centrifugal force, and both are simple forces acting in a straight

line. But both are hypotheses, which rest upon our experience

and of the reason of which we are ignorant. Astronomy reveals

to us the necessity of astronomical phenomena only under the

supposition of facts we have experienced—not the necessity in

iltelf. If we were to demand that to our knowledge the "why?"
should be clear, there would not even be any astronomical nor

yet any physical knowledge. In the organic domains causal

knowledge is entitled to the same imporlance as physical know-
ledge is in the inorganic field. By experience we know a system

of forces and motions, for example, the cell. We ascertain

ceitain general facts relating to this system (in the same way as

with gravitation and centrifugal force in the heavens), and we
use these facts for further deductions. Our insight into the

necessity of some process of growth consists in our recognising

this process as a necessary consequence of those facts.

Our knowledge of natural things therefore rests upon our being

able to measure them, either by themselves or by one another.

Another method of observation leads us to the same result. We
understand and master something perfectly, if vee create it our-

selves, because in this case we see its cause. The only thing in

the domain of knowledge, which, based upon our sensual per-

ceptions, we can accomplish, is mathematics. The tenor of this

foimal science is perfectly clear to us, because, indeed, it is the

product of our own mind. We can therefore also understand

real things with certainty, as far as we find mathematical ideas,

number, magnitude, and everything which mathematics deduces
from these, realised in them. Natural knowledge therefore

consists in our applying mathematical methods to natural pheno-
mena ; to understand a natural event means nothing else as it

were, than to repeat it in thought, to reproduce it in our mind.
While designating natural knowledge as mathematical and at

the same time as relative, which judges things according to a

measure deduced from themselves, I depart considerably from
the views of my predecessor. Prof. Du Bois Reymond. He con-

siders it to be a condition of natural knowledge, that we should

succeed in reducing the changes in the material world to motions
of atoms caused by their central forces which are independent of

time, or in other words, in resolving natural phenomena into the

mechanics of atoms.

While Du Bois Reymond 'thus starts from the undeniable
fact that a compound can only be known from its parts, yet

he stops not at the finite and reil parts, but continues the

division down to the real unitUs, which are unthinkable, and
thus he marks out the conditions for impossible absolute know-
ledge. But as we do not crave divine but only human know-
ledge, we may not ask more of the latter than that in each finite

sphere it should advance as far as mathematical understanding
;

and the saying of Kant, that in each special natural science we
can find only as much real science as we can find mathematics in

it, is after all still quite correct.

If Uu Bois Reymond wishes to continue the analysis of matter
down to atoms with simple central forces, he carries a favourite

method of modem physics and physiology to extremes, and if he

shows that this way of proceeding does not lead to understanding,
he destroys the claims of exclusive adherence to the domain of
science, which the employers of this method sometimes raise.

If physics and physical physiology go back to supposed atoms,
material points, elements of volume which we imagine to be
infinitely small, then this hypothesis is justified inasmuch as the
real chemical molecules are so small that we may, without error

of calculation, consider space to be continuously filled with matter.

For instance, for a molecule of albumen, consisting of numerous
atoms of carbon, hydrogen, oxygen, and nitrogen, we may sub-
stitute a mass differential of this compound. At all events it is

useful to make this hypothesis, as it must be seeniiow far a con-
ception of this kind can be treated mathematically, and as from
the result we may draw conclusions backwards witli regard to

the composition of matter.

But we must beware of the opinion which is frequently asso-

ciated with this method, that it alone is natural science and that

knowledge can only be gained by employing it. In this case
we would have to confine our desire to understand nature to a
single domain, and we would lose others which are capable of
safe confirmation. Natural knowledge need not necessarily

begin with hypothetical and the smallest unknown things. It

begins wherever matter has shaped itself to unities of the same
order, which may be compared to and measured by one another,

and wherever such unities combine to form compound unities of

a higher order, and yield a measure for their comparison with
one another. Natural knowledge may begin at every age from
the organisation or composition of matter ; at the atom of che-

mical elements, which forms the chemical compounds; at the

molecule of the compounds, which composes the crystal ; at the

crystalline granule, which composes the cell and its parts ; at

the cell, which builds up the organism ; at the organism or
individual, which becomes the element of the formation of
species. Each natural scientific discipline has its justification

essentially in itself.

Our knowledge of nature is therefore always a mathematical
one, and consists either in simple measurement, as in the mor-
phological and descriptive natural sciences, or in causal measure-
ment, as in the physical and physiological sciences. By means
of mathematics, however, by weight, measure, or number, we
can only understand relative or quantitative differences. Actual
qualities, absolutely different properties, escape our understand-
ing, since we possess no measure for them. We cannot conceive
really qualitative differences, because qualities cannot be com-
pared. This is an important fact for our attempts to under-
stand nature. Its consequences are, that if within nature
there are domains which are qualitively or absolutely dif-

ferent, scientific knowledge is only possible separately within

each single one of them, and that no connecting bridge leads

from one domain into another. But another consequence is

that, as far as we can investigate nature continuously, as far as

our measuring knowledge advances without gaps, and especially

as far as we understand one phenomenon through another, or
can prove it to have arisen from the other, that absolute differ-

ences, chasms which cannot be filled, do not exist at all in

nature.

I have tried to determine the capacity of the Ego, the accessi-

bility of nature, and the essence of human understanding. It is

easy now to fix the limits of natural knowledge.
We can know only what our senses acquaint us with, and this

is limited in time and space to an infinitesimal domain, and
perhaps only to a part of the natural phenomena occurring in

this domain, on account of a deficient development of our organs
of sense. Of that with which we are acquainted at all, we can
only know the finite, the changeable and perishable, only what
is relative and differs by degrees, because we can only apply
mathematical ideas to natural things, and can judge the latter

only by the measures we have gained from themselves. Of all

that is endless or eternal, of all that is stable or constant, of all

absolute differences we have no conception. We have a perfect

idea of an hour, a metre, a kilogramme, but we have no idea of

time, space, matter and force, motion and rest, cause and effect.

The extent and limit of our possible natural knowledge we
may shortly and exactly state thus:

—

We can only knmv the

finite, but we can kiic,^' all thefinite which comes within reach oj

our sensual perception.

If we are clearly conscious of this limitation of our knowledge
we free natural observation from many difficulties and errors,

which consist, on the one hand, in the attempt to investigate not
only the really finite, but a mixture of the finite and the eternal,

which is uninvestigable ; and, on the other hand, in our not
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following the finite strictly and incessantly, but stopping here

and there in the midst of it and changing it for the eternal.

It would lead me far indeed, if I were to consider the conse-

quences singly, which have arisen from thewant ofa correct method

based upon principles. The most remarkable ones, which at the

same time claim a general interest, are the opinions, that finite

nature is divided into two radically different domains, and particu-

larly that there is an insuperable limit between inorganic and
organic, or between material and spiritual nature. I will speak

only of the latter opinion.

The antagonists of an intimate connection between material

and immaterial nature draw the line of separation in difterent

places. In the opinion of some, living nature generally (or " life-

endowed " {bcsciUe) nature, inasmuch as life is also ascribed to

plants) represents something absolutely special, while others admit

this only for the animal world endowed with sensation, and yet

others only for the spiritually conscious human race ; new im-

material or eternal principles are said to apply to the higher

grades. Du Bois Reymond holds the second of these views ; he

says that in the first trace of pleasure which was felt by one of

the simplest beings in the beginning of animal life upon our

earth, an insuperable limit was marked, while upwards from this

to the most elevated mental activity, and downwards from the

vital force of the organic to the simple physical force he nowhere
finds another limit.

It is difficult for the naturalist to oppose the supposition of

immaterial principles, which are said to arise suddenly here and
there in nature, as it places itself at once upon a stand-point

which lloats in the air outside of natural science, and cannot,

therefore, be attacked directly and contradicted l>y him.

Natural science can only show that this supposition is super-

fluous, because everj'thing can be explained in a natural way,

and also improbable, because otherwise a contradiction is

introduced into finite nature which gainsays the whole of our

experience, and olTends our mental desire to find causal relations

everywhere.

Experience shows that from the clearest consciousness of the

thinker downwards, through the more imperfect consciousness of

the child, to the unconsciousness of the embryo, and to the

insensibility of the human ovum, or through the more imperfect

consciousness of undeveloped human races and of higher

animals to the unconsciousness of lower animals, and of sensitive

plants, and to the insensibility of all other plants, there exists a

continuous gradation without definable limit, and that the same
gradation continues from the life of the animal ovum and the

vegetable cell downwards through organised elementary and
more or less lifeless forms (parts of the cell) to crystals and
chemical molecules.

But the conclusion we draw by analogy is this :—^Just as all

organisms consist of and have been formed of matter, which
occurs in inorganic nature, so the forces, which are inherent in

matter, have of course entered into the formations as well. If

matter combines with other matter, then their forces unite to

some total result, and this represents the new property of the

resulting body ; this property is of course only relative. Thus
vermilion is mercury + oxygen — heat; sugar is carbon
y hydrogen + oxygen - heat. And thus life and feeling are

new relative properties which albumen molecules obtain under
certain circumstances. Accordingly, experience shows that

spiritual life is everywhere connected in the most intimate manner
with natural life, that the one influences the other and cannot

exist without the other. It is necessary, therefore, as every-

where in nature forces and motions are united only with material

particles, that the spiritual forces and motions also appertain to

matter, in other words, that they are composed of tlie general

forces and motions of nature and are connected with them as

cause and effect. No naturalist can avoid the conception of a

causal connection of this nature, unless he becomes unfaithful,

consciously or unconsciously, to his first principle. The problem
is, therefore, to understand how the forces of inorganic matter

combine in matter which forms into organisms, so that their

result represents life, sensation, and consciousness. The solution

of this problem is yet very remote ; but it is possible. We may
give sufficient indications for each single point.

Permit me to speak more minutely of one of these points ; I

mean the one in which my predecessor sees a limit to natural

knowledge. This is all the more tempting since for the rest Du
Bois Reymond places himself upon the basis of the causal prin-

ciple, if indeed not in words quite so direct, yet quite as deter-

mined and unconditional ; and since if this one gap were filled,

no other would exist for his point of view. To him the whole

world-history, even the whole system of the universe, is the con-

sequence of the mechanics of atoms. There is no action of the

mind, which could not be calculated from the forces and the

motions of matter, if it were possible to know these. The
material occurrences which are connected with the solution of

an arithmetical problem, with the pleasure of musical sensation,

with the intellectual pleasure over a scientific discovery, are pro-

ducts of cerebral mechanics. The mind can indeed be looked

upon as the secretion of the substance of the brain, in the same
way as gall is the secretion of the liver, as Karl Vogt, and
previously Cabanis, have said.

Du Bois Reymond declares all this to be intelligible in prin-

ciple ; but, he says, we learn to know only the conditions of

mental life, but not how from these conditions ment.il life results.

Sensation and consciousness doubtless accompany the material

processes in the brain by necessity, but they stand outside of the

causal law and remain eternal enigmas to us.

It is not uninteresting to follow Du Bois Reymond's view,

which I have just stated and which he details and illustrates

with various examples, into its consequences, and to consider

clearly its general result. We then arrive at this :—The finite

mind, as it has developed itself through the animal world up to

man, is a double one ; on the one side the acting, inventing,

unconscious, material mind, which puts the muscles into motion

and determines the world's history ; this is nothing else but the

mechanics of atoms, and is subject to the causal law ; and on the

other side the inactive, contemplative, remembering, fancying,

conscious, immatcnal mind, which feels pleasure and pain, love

and hate ; this one lies outside of the mechanics of matter and
cares nothing for cause and effect.

Generally both sides of mental life are collectively called mind.

Du Bois Reymond exclusively designates the latter as mind, and
if the separation existed in the way described this would certainly

be the truly unintelligible secretion of the material mind, or of

the atoms of the brain ; it would not be anything but the useless

ornament of this material mind. Its infallibly following, unreal

shadow. Because it stands outside of the chain of cause and
effect, it is powerless and without influence upon actions ; with-

out it the world's history would have run exactly the same course

as it did. Also without consciousness mathematical formulas

would have been invented, written down, taught, and applied,

telegraphs and steam engines would have been constructed ; also

without consciousness theological and philosophical discussions

would have been held, printed, read, and their authors burnt at

the stake ; also without conscious memory lessons would have

been leamt by heart in the schools and examinations held ; also
,

without musical sentiment music would have been composed,

repeated at rehearsals, performed and listened to with all external

signs of pleasure or disapprobation ; also without poetical or

artistic sentiment poets, painters, and sculptors would have pro-

duced their works, and the<e would have been admired and

criticised. Therefore without a conscious and perci^ived mental

life, we should have thought, done, and spoken everything, but

only mechanically, and not otherwise than a very artistically-

invented dead automaton would think, act, and speak.

We cannot deny the sublimity of this conception of the uni-

verse ; the impression it makes upon the naturalist must be all

the greater, because it proceeds consequentially everywhere and
does not offend any natural scientific principle ; as to the imma-
terial and the unintelligible it assigns a domain, which lies out-

side of the connection of natural and real things. "For this reason

also this conception cannot be discussed from a natural scientific

point of view. And yet to the naturalist certain objections

present themselves.

Can we imagine that so many occurrences, which most evi-

dently resulted from sensation and consciousness, have some
other sensationless and unconscious origin ? Can we imagine that

sensation and consciousness are so entirely useless, and while

everywhere utility {zwcckmiissigkcit) is so eminently prominent in

organic nature, that so useless and superfluous a phenomenon
should occur just where we expect the greatest utility ? Can we
imagine that the causal principle, which governs the whole of

nature, fails us just at the most important part ? Can we imagine

that organised matter accidentally and without cause acquires a

property (sensation and consciousness), and loses it again acci-

dentally and without effect, because in the ovum and in the

embryo the conscious and perceived mental life would not be
present, it would arise gradually, it would 'oe lost in sleep every

night, obtained again more or less completely in the waking statej

and annihilated for ever in death ?

The conscience of the naturalist is little satisfied by this new
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dualism, although he cannot directly contradict it. It is true

thattliis dualism is infinitely different from the ordinai7 dualism,

since it assigns the exclusive power to the forces ol nature, and

to the mind only an inactive, empty dignity, and thus hinders in

no way the strictly causal or materialistic conception of all

material occurrences, also of those wliich bring about mental

life. But nevertheless we would wish for a solution which cor-

responds more to our experiences and to our theoretical concep-

tions. And I believe that this solution lies very near if we
extend our judgment of the phenomena in organic nature to

those of inorganic nature as well.

It is quite correct in Du Bois Reymond to say that we can

only know the material conditions of mental life, but that how
this results from those conditions remains a secret to us for ever.

But it would be an error to suppose that we generally understand

the origin of natural life from its causes. In all purely material

phenomena we find the same barrier as in the mental ones. We
know by experience that in the inorganic world the cause is lost

in the effect, but we cannot understand the nature of the transfer.

We know by experience that a stone thrown up into the air falls

to the ground, and we say that this happens because the earth

attract; it ; but this attraction is for us incomprehensible.

What we do know is, that two bodies which are apart

act upon one another in such a way that, it there is no
ol stacle, they approach one another until they touch. In

what, however, this action consists, how it adduces the mutual

motion, is for us just as unintelligible, and will remain just

as eternal an enigma, as the origin of sensation and conscious-

ness from material caues. With all material, physical, and

chemical phenomena, we find the same. A body charged with

positive electricity, and another one charged with negative elec-

tricity, move towards each other ; two bodies similarly electiified

repel one another. If we say that in the former case attraction,

and in the second repulsion takes place, then these are only

short expressions which comprise whole series of similar pheno-

mena, but give no explanations. But we accustom ourselves to

such expressions ; little by little we use them so frequently and

easily, that we believe we really understand the phenomena they

designate. And that is why the view is generally held, that

nature in her simpler inorganic phenomena offers no difficulties

to our conception, whereas in reality the difficulties are every-

where the same in principle.

The objection will perhaps be raised, that the two sides of the

question are not quite so equal as I say ; that with purely

material phenomena the relation between two material particles,

which causes their motion, is indeed incomprehensible ; that

with mental phenomena this incomprehensible relation between

the material panicles is also given ; but that something else,

something new is added, namely, the mental action which
accompanies the material phenomenon. But this objection, if

indeed we raise it, would be unfounded ; we should have over-

looked that the two sides into which we shou'd divide the mental

phenomenon are equally present with the purely material

phenomenon, only that they are not separately conceived here

but in one, namely, the sensation and the reaction which this

sensation causes.

Tills fact, that the simplest inorganic phenomena are quite as

inaccessible m their origin as the most complicated occurrences

in the human brain, constructs the bridge which may lead us

to a ihonistic {linhcitliche) conce|.tion of nature. Let us start

from what we know—and in this case it is the complicated

mental phenomenon—in order to obtain from it a conception of

what we still ignoran of.

We know mental life only from our subjective experiences

;

we know that we draw conclusions, that we remember, that we
feel pleasure and pain. That similar but undeveloped pheno-

mena I ccur wiih children and higher animals, we conclude from

their actions and from their somatic manifestations, which we
interpret as the expression of emoiion and sensation. Actual

proofs that even the lower animals still possess sensation, vliich

is only oilTerent in degree from the conscious sensation of man,
we have only in their movements consequent upon some irri-

tation, and in the important circumstance that these movements
upon irritation in the ascending animal classes pass through all

gradations upwards to the most complicated phenomena in the

human brain. From these irritation-movements of the lowest

animals we imperceptibly get to those of the unicellulrr plants

and of the sensitive plants, and thence to the phenomena of the

apparently insensible plants, which cannot be distinguished from
tlie phenomena of inorganic nature. Between the irritation-

movements of plants and animals, however, and the apparently

insensible inorganic movements, there is no other difference but
this, that in the case of irritation a powerful cause acts upon
numberless material particles arranged in a similar manner, and
thus produces a movement of place or sensation which becomes
perceptible to our senses, while when this perceptible movement
is wanting, the cause of the molecular, movements, which take

place in several directions, is not called an irritation.

In the higher animal world sensation is distinctly present in

the movements consequent upon irritation. We must therefore

credit the lower animals with it as well, and we have no
reason to deny it in the case of plants and inorganic bodies.

Sensation causes us to feel pleasure or displeasure. Generally

speaking the feeling of pleasure arises when our natural

inclinations are gratified, and the feeling of pain when this

gratification is denied. As all material phenomena are com-
posed of the motions of molecules and elementary atoms,

pleasure and pain must have their original seat in these particles ;

they must be caused by the manner in which these infinitesimal

particles are able to respond to the attracting or repelling forces

which act upon them. Sensation, therefore, is a property of the

albumen molecules ; and if we grant it in the case of albumen
molecules we must grant it likewise in the case of the molecules

of all other substances.

Let us now consider the relation of two molecules of different

chemical elements (for instance that of a hydrogen molecule and

one of oxygen), which are at a minute distance from each other.

Each of them, according to the present notions of chemistry,

consists of two not further divisible, but yet decidedly com-
pound atoms. By means of its composition the atom has

different properties and forces, and therefore acts differently

(attracting or repelling) upon btlier atoms. The two molecules

in question experience or feel their mutual presence in a different

manner ; they act upon each other with different attractive or

repulsive power.

Let us examine what happens in the case of a certain attrac-

tion, for instance, in that of a chemical one Three possibilities

exist : either the molecules follow their inclination and approach

one another, or they are condemned to rest through other forces

which are equal to the attraciion, or they move away from one

another, the forces counteracting their inclination gaining the

upper hand. The same three possibilities are given for a certain

repulsion, for instance, through heat ; the two molecules follow

their natural inclination and move away from each other, or they

remain at the same distance, or they are pushed towards one

another by other causes, their inclination being overcome.

Now if the molecules possess anything which is ever so dis-

tantly related to sensation, and we cannot doubt it, since each

one feels the presence, the certain condition, the peculiar forces

of the other, and, accordingly, has the inclination to move and,

under circumstances, really begins to move, becomes alive as it

were, moreover, since such molecules are the elements whicli

cause pleasure and pain ; if therefore the molecules feel some-

thing which is related to sensation, then this must be pleasure if

they can respond to attraciion and repulsion, i.e., follow their

inclination or di!inclination ; it must be displeasure if they are

forced to execute some opposite movement, and it must be

neither pleasure nor displeasure if they remain at rest.

As the molecules act upon each other with several unequal

attractive and repulsive forces, some of their inclinations, when-

ever they are in motion, are always gratified, while others are

offended. But these different sensations are necessarily unequal

with regard to condition and intensity, according as they are

caused by the general attraction of gravitation, by the general

repulsion of heat and of elasticity, by electric and magnetic

attraction and repulsion, or by chemical affinity. The simplest

organisms which we know, if I may use this expression, the

moiecules of chemical elements, are therefore simultaneously

influenced by several qualitatively and quantiiativcly different

sensations, which conglomerate to a total sensation of pleasure

or pain.

At the lowest and simplest stage of material organisation which

we know, we therefore find on the whole the same phenomenon
as we tlo at the highest stage, where it appears as conscious sen-

sation. The difference is only one of gradation ; at the highest

stage the influences have only become so much more vivid in

consequence of a vast accumulation of different material particles,

and much more compound and intricate on account of the com-

plicated organisation.

If we look upon mental life in its most general signification as

the immaterial expression of the material phenomena, as the

mediation between cause and effect, then we find it everywhere
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in nature. Mental force is the capacity of material particles to

act upon each other. The mental phenomenon is the perform-

ance of this action, which consists in motion, therefore in a

change of position, of the material particles and the forces

inherent in them, and by this leads directly to a new mental

occurrence. Thus the same mental chain encircles all material

phenomena.
The human mind is nothing else but the highest development

upon our earth of the mental phenomena which move and ani-

mate nature everywhere. But it is not the product of secretion

of the cerebral substance ; as such it would be withor.t further

influence upon the brain, just as the secreted gall is of no further

signification for the liver. On the contrary, sensation and con-

sciousness have their firm seat in the brain, with which they are

iiidissolubly united, and in which, by their intervention, new
conceptions are formed and converted into actions. Just as the

stone would not fall down if it did not feel the presence of the

earth, so the trampled worm would not wriggle if it had no

sensation, and the brain would not act reasonably if it had no
consciousness.

This conception satisfies our causal demands entirely. For
the naturalist it is a logical necessity to admit only differences of

degree in finite nature. In the same way as there is a common
measure for everything in space as well as for everything in time,

so there must be a common measure for all mental phenomena.
In the same way as there are gradations in material nature from

the most simple to the most complex, so there must be similar

gradations in mental nature, which isj parallel to the former. It

is true that in atoms and molecules we do not yet find pleasure

and pain or love and hate pronounced with decision, but yet we
find the first germs, as it were the original beginnings, of these

feelings, and it would be the task of a comparative psychology

to follow consciousness through unconscious sensation down to

the insensible action of material particles.

But the domain of the mind offers far greater difficulties to

our investigation than the material domain, because we can only

use our subjective perceptions as immediate experience, and

because we do not possess a special organ of sense which enables

us to make objective observations of other bodies. The obser-

vation with our senses, which are organised for quite different

objects, acquaints us only in a roundabout way and in a very

defective manner with the mental occurrences in other beings,

and our judgment of them is all the more uncertain the further

we depart in nature from the human species itself. It will

therefore, perhaps, never be possible to find the measure for the

mental phenomena really, to determine it, and to raise compara-

tive psychology to the rank of a natural science.

Natural knowledge remains limited to what is finite, the natu-

ralist must therefore confine himself strictly to the finite only.

The demand, which is often addressed to him, that he should

have a more pliilosophical mind, that he should criticise in a

philosophical manner, because it is impossible to avoid meta-

pliysical speculation entirely, only shows how difficult it is to

separate two absolutely different domains, which have once been
mixed up only to produce general confusion. The power of

education and habit also was, up to the most recent period, an

obstacle in the way of a complete and radical separation of these

two domains, and yet it is certain, and we know by experience,

that every metaphysical addition turns natural science and natural

investigation into a turbid and muddy alloy.

Natural science must be exact ; it must rigidly avoid cveiy-

thing which oversteps the limit of the finite and the intelligible,

and which is transcendental ; it must proceed in a strictly

materialistic manner, because its sole object is finite, force-

endowed matter ; and it must not forget that this true materialism

is an empirical and not a philosophical one, and that it is

bounded by the same limits as those of the domain upon which

it moves.

I do not wish to say by this that the naturalist is not allowed

to philosophise, that he is forbidden to move in ideal and

transcendental domains. But he ceases to be a naturalist, and

the only thing, which from his vocation is perhaps of advantage

to him, is that he keeps both domains strictly apait ; that he

knows how to treat the one as the pure domain of investigation

and knowledge, and the other, while he frees it from everything

that is finite, as the hidden domain of presentiment.

To the human mind, to our desire of investigation and know-

ledge, the whole sensually-perceptible world is open. We pene-

trate into the greatest distances by means of the telescope and

calculation, and into the smallest sjiaces by means of the micro-

scope and combination. We investigate the most comple.x and

complicated organism, which belongs to ourselves, in the most
varied directions. We recognise the forces and laws governing

nature, and through this we subject the whole inorganic and
organic world, as far as we can reach it. If man reviews the

triumphs in the domains of science and power which have been

obtained up to the present, and thinks of the still greater future

conquests, then he may with pride feel himself lord of the world.

But what is this world, over which the human mind reigns ?

Not even a grain of sand in the eternity of space, not even a

second in the eternity of time, and only an outwork of the true

essence of the universe. Because even of the infinitesimal world,

which is accessible to us, we only know what is changeable and

perishable. All that is eternal and stable, the houi and the wliy

of the universe, remains for ever incomprehensible to the human
mind, and if it tries to overstep the limit of finiteness it can

only puff itself up to a ridiculously-adorned idol, or desecrate the

eternal and the divine by human disfiguration. Even llie

matured mind, which would have arrived at complete natural

scientific insight, and would wish to free the divine of everything

finite and perishable, could, in its restriction, make of divinity

only a constitutional phantom-king, who, according to the words

of a statesman recently deceased, would "reign, but not govern.
'

In the finite world the eternal natural forces rule unalterably,

and we recognise their effects in the laws of motion and change.

Whether and how they are the tenor and expression of a

conscious eternal design is past our comprehension.

If my predecessor, Prof. Du Bois Reymond, ended his address

with the crushing words. Ignoramus, et is;noyal>imus, then I

close mine with the conditional but more consolatory utterance

that we do not merely know, but really understand the fruits of

our investigations, and that our knowledge bears in itself the

germ of an almost infinite growth, without, however, approaching

omniscience by the smallest step. If we practise reasonable

resignation, if, as finite and perishable human beings, as we are,

we are satisfied with human insight, instead of claiming divine

knowledge, then we may say v^ith full confidence

—

" We know, and we shall know !

"

T

ON THE SOLAR ECLIPSE OF AGATHOCLES
B.C. 310 (isth August).'

HE mean motion of the moon round the earth was formerly

assumed to be constant, until Halley showed that it has

been gradually increasing by a small amount during the last few

thousand years. Halley made this discovery by the study of

ancient solar eclipses, which were found always to occur to the

mstiaardoi their calculated places :—this indicates a slower mean
motion of the moon in former times, as may be thus shown—

a

spectator in the northern hemisphere looking at a solar eclipse

will face the south, having the west on his right hand, and the

east on his left hand ; and he will see the moon cross the sun's

disc from right to left. When we calculate backwards to an old

eclipse (attributing to the moon her present mean motion), we
are, in fact, unwinding, from left to right, the path she has

described since the eclipse happened, and by this unwinding

process we find that we always pUce the moon to the right [west)

of the place where she was actually when the eclipse occurred.

Thus, all the ancient eclipses being observed at places to the

castivard (hfl) of their calculated places of observation, we learn

that the moon's mean motion was formerly slower than it now is.

The coefficient of the moon's mean motion, found by Halley,

from ancient eclipses, was

I0'2 X «",

where n is"the number of centuries.

The acceleration of the moon's mean motion was first explained

by Laplace, who showed that the mean central disturbing force

of the sun, by which the moon's gravity towards the earth is

diminished, depends not only on the sun's mean distance, but on

the eccentricity of the eartli's orbit. This eccentricity has been

diminishing for many ages, while the mean distance remains

unaltered. In consequence of this, the sun's mean' disturbing

force is diminishing, and, consequently, the attraction of the

moon towards the earth has been increasing, and with it, of

course, the mean motion of the moon has been also increasing.

Thecalculations of Laplace, confirmedandextendedbyDamoiseau

Paper read before the Mathematical Section of the British Association,

Plymouth, 1877, by Rev. Dr. Samuel Haughton, F.R.S. (Trm. Coll.

Dublin.)
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and Plana, gave a coefficient for the moon's mean motion
agreeing with that found from observation by Halley.

This satisfactory agreement between theory and observation

remained uncharged until 1853, when Adams announced ' that

he had found a deficiency in Laplace's calculation, arising from

the fact that Laplace had considered tlie radial disturbing force

only, and had neglected the tangential disturbing force.

When the fuller computation is made, it is found that the

coefficient of Halley's expression is reduced from \o 2 to 6'll,

leaving 4 '09 not accounted for,

Adams' calculations were verified by Delaunay, who found
them quite correct, and who had the merit of suggesting the

explanation of the 4^09, which form a residual phcnonution.

According to Delaunay, this uncompensated portion of Halley's

coefficient is to be explained by the retardation of the earth's

angular velocity, and consequent increase in the length of the

day, caused by the residual tidal current set'ing constantly from

east to west. This residual current, although excessively small,
is a vera causa always acting, and must, in due course of time,
produce a sensible effect in lengthening the day. It is easy to
show that the effect of the lengthening of the day upon ancient
solar eclipses acts in the same direction as the acceleration of the
moon's mean motion, viz., it throws the place of observation to
the eastward (left) of the calculated place ; for the earth moves
from right to left, in the same direction as llie moon, and as its

rotation in that direction, from the period of the eclipse, has
been greater than that assumed in cur calculation from the present
rotation of the earth, it follows that, at the time of the eclipse,
all places on the earth's surface must have been absolutely, with
reference to a meridian fixed in space, to the westward (right) of
their present positions. According to this view, therefore, the
displacement eastwards of the places of observation of ancient
eclipses, when compared witli the calculated places of observa-
tion, is the sum of two displacements—one caused by not allow-

A

ing for the aeeeieiation cf Ihe moon, and the other caused by not
allowing for the rdarJation oj the earth.

Thus, if B represent the true position of the eclipse in space,

its calculated place will be A, to the west of i), the interval A B
being due to the neglect of the acceleration of the moon's mean
motion (with coefficient — 6'ii) in the calculation; and the
point exactly below B, on the earth's surface, will have moved
on to c, to the east of c, in consequence of the neglect of the
retaidation of the earth's rotation in the calculation.

Let us illustrate the case by one of the most famous solar

eclipses on record, that of Agathocles, on August 15, 310 B.C.

The accompanying outline map represents the course taken by
the expedition of Agathocles from SyracuSb to Carthage.

-

IJThis eclipse is recorded by Diodorus Siculus, and has been
alwajs considered one of the most important in support of
Halley's coefficient, lo'2 seconds.

It has recently, however, been called in question by a high

authority ; for at the meeting of the American Association for

the Advancement of Science (1877), "Prof. Simon Newcomb
presented a communication on the secular acceleration of the

moon, and its increasing deviation from uniformity through many
years. He reviewed tlie existing theory on the subject ; the

calculation of Laplace according with Halley's estimate of the

acceleration as about 10^ seconds of time, to be multiplied by
the square of the centuries for a given period ; also the Adams
theory, which reduces the explanation of Laplace to 6 seconds,

leaving more than 4 seconds to be otherwise accounted for. In

ascribing the surplus acceleration to diminished rotation of the

earth, we are dealing with a subject where the evidence should

be carefully weighed . Much dependence seemed to be placed
' Proceedings of the Rcyal Society, vol. vi. p. 321.
2 The places passed in order by the e.\pediiion of Agathocles alctig the

Sicilian coast are described in the fine lines of Virgil :

—

Sicanio prfetenta sinu jacet insula contra
Plemmyrium undosum : nomen dixere priores

on the record of ancient eclipses. I'rof. Newcomb considered
these eclipses separately. 7'he nwstpromising of the Greek solar
eclipses was that oJ Ai^athocles, tyrant ofSyracuse, occurring at the

commtncement of his voyag-e to attach Carthage. But tve do not
kno-iti on which side of Sicily he sailed : according to whether he
was on one or the other side of the coast, the difference of time for
that eclipse may he calculated asjustifying the 10 seconds or the 6
seconds acceleration of the moon. Tlie eclipse known as that of
Thales has a record still more open to criticism, because it came
to its historian by hearsay, and probably through two or three
generations after the lapse of a huncred years, ft seems cuiious

that if Tfcales predicted the year {by an estimate of lunar periods)

he did not also predict the day. Each of the ancient solar eclipses

yielded similar elements of doubt, on careful examination. From
the records of lunar eclipses, if all uncertain features be weeded
out, the old estimate of acceleration will be reduced one-hall.

The Arabian records of lunar eclipses were published at Leydeii
in the early part of this century. Tiie work is very
rare. Altitudes of sun and moon are constantly given
in it. Calculations from these eclipses give the
smaller estimate of acceleration. From all the data
he has been able to study. Prof. Newcomb con-
cludes that the whole amount of acceleration is

about S'4 seconds. He hopes to make further

estimates from modern records, having had the
good fortune to pick up in Paris carefully compiled
data of occultations going back to 1680."

Let us compare this statement of Prof. Newcomb
with the original account of Diodorus Siculus. Aga-
thocles was blockaded in Syracuse by the Car ha-
ginian fleet, and the town was in danger of starvation ;

under these circumstances he formed and carried out
the daring project of breaking the blockade, and
undertaking an expedition by sea against Carthage
itself ; which he successfully accomplished. Diodorus
says : "But Agathocles, thus overtaken and sur-

rounded, hit upon an unexpected chance of escape
when night came on ; and on the following day
there came to pass so great an eclipse of the sun
that night appeared universally, the stars being
seen in every direction ; wherefore the people of

Agathocles, believing that the Divinity foreshadowed some
evil to happen them, were in still greater anxiety of mind
than before. When they had voyaged for six days and as

many nights, at the dawn of day the fleet of the Carthaginians
appeared unexpectedly, not far off. . . . But when Africa came

, fama est hue Elidis amnem
ubter mare ; qui nunc

nfunditur 1

Ortygiam. Alphe
Occultas egisse vi:

Ore, Arethusa, tuo Siculi

Jussi numina magna loci veneramur ; et inde
Exsiipero prsepingue solum stagnantis Helori,

Hinc altas cautes projectaque saya Pachyni
Radimus, et fats nurquam conces*a moveri
Adparet Camarina procul campique Geloi,

Inmanisque Gela fluvii cngnomine dicta,

Arduus inde Acragas ostcnt^it ma.xinia looge
Moenia magnanimum quondam generator tquorum,
Teque datis linquo veniis, palmosa Selinus

;

Et vada dura lego saxis Lilybeia cxch,
Hinc Drepani me portus et inla:tabilis era
Adcipit.

—

JEn., Lib. ill., 692-708.
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in sight, an incredible exhortation to the rowers and rivalry took

place. The ships of the barbarians indeed went faster, because

for a length of time they had been accustomed to the handling of

the oars ; but the ships of the Greeks preceded them by a smiill

interval ; and, having finished their voyage as quickly as possible,

they immediately sprang upon the strand like wrestlers ; and,

indeed, the leading ships of the Carthaginians attacked the after-

most ships of Agathocles, having come within range of missiles."

—DiOD. Sic, lib. xx., ch. 5, 6.

TTJs vuxrhs, cfeXirlaTov (rtuT/;pias eVuxt- Tt; o'un-TepaCct Tri\iKa\)Tj}v

fK\ei\jiii> TJXiov a-vyeBv yis'((j6ai, &(TTe ^XoXfP^s ^awi)i>ai vvKTa,

Biu^u^ivuv Tuiv a(T7ipwv TtavTc-xov, . . . 'E^ 5'7j,ue'pas Kttl Tas t(ras

Ci/KTOS uvTuv -KKeviTixfTmVj dnofpaivouffris t^s €w ew, iropaSJ|&?s d

OTiKos riii> Kapxv^ovia.'V ovk uToflef iiv (api9r].—DiOD. SlC,
Lib. XX., ch. 5, 6.

From this narrative it can be clearly si ow 1 that Prof.

Newcomb is mistaken when he says that " we do not kiu .a on

mhkh side ofSkUy lie saL'tJ." It is qui'e certain that the eclipse

occurred before the expedi'ion had weathered the promontoi/ of

Pachynus, or had made any sensible westing in their voyage.

The total distance, on a coasting voyage from Syracuse to

Carthage, is 350 English miles, and the distance from Syracuse

to Cape Pachynus is forty miles. Now, the whole time of the

voyage was six days and as many nights, together with a

portion of a night at Syracuse, and a portion of a day near

Carthage (the stone quarries). Allowing six hours each to these,

we have :

—

Hours.

Part of night of outset at Syracuse ... ... 6

Six days and as many nighfs ... ... ... 144
Part of day near Carthage before landing at

the " Stone Quarries " 6

156

This is the minimum time allowable from the narrative, and

any longer time allowed will strengthen my argument. The
rate of rowing during the voyage was, therefore,

i?^ = a'S"! miles per hour.
156

At this rate of rowing it would require I7h. 4Sm. to reach Cape
Pachynus, a distance of forty miles ; so that if the expedition

sailed at midnight, it would have been off Pachynus, to the

eastward, at 5 P.M., which is the time assigned by Petavius for

the middle of the eclipse (Syracusan time). It is, therefore,

perfectly clear that if the expedition had got so far to the west-

ward as to allow of the coefficient (6'ii), the eclipse must be

thrown into the wrong day, which is inadmissible.

If Delaunay is to be trusted, the expedition must have gone

out of the Mediterranean into the Atlantic before the coefficient

6'll could be verified. He says:—"Nous avons dit que la

duree du jour augmentait d'une seconde dans I'espace de ic ),ooo

ans. Mais cela se produit progressivement, de telle manieie que

ces augmentations successives des jours s'ajoutent, et au bout

d'un grand nombre de jours, font un total appreciable. Si on

remonte a une epoque, de 2400 ans epoque .a peu prcs, a laquelle

on rapporte les eclipses historiques dont on a parle, on voit que

I'observation de I'une de ces eclipses a du ctre faite l^'\ plus lot

que si le ralentissement du mouvement de rotation de la terre

n'avait pas existe.
" La variation relative aux anciennes eclipses va done jusqu'a

l^\. Ainsi une eclipse a eteobservee a un certain moment l''|-

plus tut qu'elle ne I'aurait ete sans le ralentissement.
" Prenons les trois eclipses principales rapportees par I'histolre.

Celle de Thales, arrivce 585 ans avant J.—C, a ete vue en Asia

Mineure ; sans le ralentissement du mouvement de rotation de la

terre, on I'aurait vue dans I'ile de Sardaigne.
" Celle de Darisse (557 ans avant J.—C.) a ete observee en

Perse ; on I'aurait vue dans la regence de Tripoli, sans le

ralentissement.
" Enfin, celle d'Agathocle (310 ans avant J.—C), signalee

pres de Syracuse, aurait dfl se montrer pres de Cadix." 1

STRIDULATING ORGANS IN SCORPIONS
A T the September meeting of the London Entomological
'*• Society, Mr. J. Wood-Mason announced the discovery of

tridulating organs in scorpions. While recently working at the

anatomy of a species allied to S, afer, he had met with structures

which, from his familiarity with the analogous ones in other
arthropods, crustaceans as well ?s insects, he had at once with-
out hesitation determined to be sound-producing apparatus—

•

even before he had found that sounds could be produced by them
artificially by rubbing the parts together or accidentally in the
mere handling of alcoholic specimens. He hid, however, been
enabled to pb.ce the matter beyond all doubt, for while at

Bombay waiting for the steamer, he had obtained, by a happy
chance, from some Hindustani conjurors, two Urge living scor-

pions belonging to another species of the same type ; these,

when fixed face to face on a light metal table and goaded into

fury, at once commenced to beat the air wiih their palps and
simultaneously to eiiit sounds which were most distinctly

audible not only to himself, but also to the bystanders, above
the clatter msde by the animals in their efforts to get free, and
which resembled the noise produced by continuously scraping
a piece of i-ilk woven fabric, or, better still, a stiff toolh-brush
with one's finger-nails. The species—a gigantic one from the

Upper Godaveri district—in which he had first observed stridu-

lating organs, had these organs more highly developed than in

the one experimented upon at Bombay, and must stridulate far

more loudly, for by artificially rubbing the parts together in a
dead alcoholic specimen he could produce a sound almost as

loud as, and very closely similar to, that made by briskly and
continuously drawing the tip of the index-finger backwards
and forwards in a diiec'.ion transverse to its coarse ridges,

over the ends of the teeth of a very fine-toothed comb.
The apparatus, which, as in the My^ak, is developed on
each side of the body, wjs situated— the scraper upon the

flat outer face of the basal joint of the palp-fingers ; the rasp
on the equally flat and produced inner face of the corre-

sponding joint of the first pair of legs. On separating these

appendages from one another, a slightly raised and well-defined

large oval area of lighter coloration than the surrounding chitine

was to be seen at the very base of the basal joint of each ; these

areaa constituted respectively the scrapir&ni the ras/> ; the former
was tolerably thickly but regularly beset with stout, conical,

sharp spinules curved like a tiger's canine, only more towards
the points, some of which terminate in a long limp hair ; the

latter crowdedly studded with minute tubercles shaped like the

tops of mushrooms. He had met with no stridulating organs in

this position in any scorpions besides S. afer and its allies ; but
in searching for them in other groups he had come to the con-
clusion that the very peculiar armature of the trenchant edges of

the palp-fingers in all the AnJroctonoiJiF, and in some at any
rate of the Paiidinoid^c (no TelegjnoiJie or VjovoUie had yet

been examined), was nothing but a modification for the same
purpose, for the movable finger of this pair of appendages when
in the closest relation of apposition to its immovable fellow could

most easily be made to grate upon it from side to side so as to

produce a most distinct crepitating sound ; but when separated

from it ever so little appeared to be incapable of the slightest

lateral movement. It was his intention on his return to India to

endeavour to determine this question, as well as many others

relative to the species in which the presence of sound-producing
apparatus had now been demonstrated by careful observation

and experiment upon living animals.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE

O.XFORD.—Mr. Thomas Whittaker, from the Royal College
of Science, Dublin, has been elected to a Natural Science
Scholarship at Exeter College.

At Jesus College the following elections to Welsh scholarships
have been made :—In mathematics, Mr. David Davies, from
the College, Llandovery ; in science, Mr. William Williams,
from Dolgelly Grammar School.

The Commissioners commenced their sittings at the Clarendon
Hotel on Monday. The proceedings of the Commissioners were
of a formal character, but Tuesday, it was understood, they
would proceed to take evidence.

Cambridge.—The master and seniors of Gonville and Caius
College will proceed in December to elect a prelector in che-

mistry, in succession to the late Mr. Richard Apjohn. The
duties of the prelector will be to take charge of the college

laboratory, to prosecute original research, to instruct in chemis-
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try the members of the college, and such members of the univer-

sity as the master and seniors may from time to time direct.

London.—The London Ladies' Educational Association

opened its tenth session at University College for day lectures on
Monday. Most of the evening lectures—intended chiefly for

governesses and candidates for public examinations open to

women—began a fortnight ago. In the past session of J876-77

there was a decrease in the number of students as compared with

the preceding session, in which Ihe number had been greatly in

excess of any previous year. There was, however, but a very

slight diminution last year in Ihe total amount of fees received,

which rose considerably above the former level, the students, as

a rule, showing a desire to avail themselves of a regular course

of study by attending a larger number of classes. Moreover, the

number presenting themselves for examination showed a very

marked increase. The range of subjects offered to ladies in the

coming session is fully as wide as in any preceding one, and
comprises the language and literature of England, Erance, Ger-

many, and Italy ; Greek and mathematics, in elementary and
advanced classes

;
physiology and hygiene ; physics ; English

history, in two classes, intended as a preparation for the Cam-
bridge higher local examinations for women; English Constitu-

tional History ; and history of Grecian hterature and art ; to

which will be added, next term, an additional course of Modern
History, and a course of lectures on Architecture. Besides

these classes, which are for ladies only, ladies are admitted as

regular students to the following classes in the college :—Anglo-

Saxon, Higher Senior Mathematics, Philosophy of Mind and
Logic, Political Economy, Jurisprudence, and Roman Law.
Ladies are also permitted to receive practical instruction in

the physical laboratory of the college, whilst the Eine Art
Department has from its commencement always been open to

them.

Manchester.—The DaUon Chemicil Scholarship has been
awarded to Mr. C. E. Cross. Mr. Cross presented an original

investigation upon "Normal primary heptyl alcohol, and its

derivatives."

The iJallon Mathematical Scholarship has been awarded to

Mr. E. T. Littlewood.

Prof. Boyd Dawkins, M.A., F.R.S., began on the 22nd inst.

a course of six museum lectures on " Man's place in the tertiary

period." These lectures are open to the public at a small

nominal fee.

The session of the evening classes was opened on the 15th

inst. by an address on " The Great Masters since Handel and
Bach, with especial reference to the form of their compositions."
The arldress was delivered by Mr. Hecht, Lecturer on Music,
and was illustrated by selections from the masters' works,
performed on the pianoforte.

Leeds.—On Tuesday the foundation stone of the new York-
shire College was laid by the Archbishop of York on the site of

the Beechgrove estate, at Little Woodhouse, near Leeds, in the

presence of a large gathering of friends and subscribers to the

undertaking. Dr. Heaton, the chairman to the council of the

College, delivered a short statement in the nature of a history of

Ihe college from its initiation and its establishment down to the

present time. With these details our readers are already familiar.

The cost of the site has been 13,000/.

Bristol.—On Saturday next, October 27, the Dean of

Westminster will give a public address to the students of
University College, and those interested in its success. The
introductory lectures have been duly delivered, and in most cases

attracted large audiences, and were well reported in local papers.

Aberdeen.—Apropos of a recent correspondence in the Times,

the following fact is of some interest ;

—

At a recent meeting of the Aberdeen University Court a letter

was read from Sir Louis Mallet, Secretary to Lord Salisbury,

asking what special provision the University would make for

superintending the conduct of students selected for the Indian
Civil Service during their two years of probation. In reply, the
court adopted a motion, in which they resolved respectfully to

inform the Secretary of State for India that the University could
not undertake to institute any separate or severer system of

oversight or discipUne for one class of students than for another,
and that the present system had been found in practice to be
perfectly effectual in securing the steadiness, moral training, and
good behaviour of the students.

A memorial from the University Council, asking the court to

take steps to institute evening lectureships in science and art,

was referred to the Seratus for a report.

Dublin.— Prof. Emerson Reynolds will commence a course
of lectures on General and Medical Chemistry on every Tuesday,
Thursday, and Saturday from November i to March 31 following.

The first course of Practical Chemistry will comprise laboratory
instruction in (^)ualitative Analysis (including Spectrum Analysis),

commencing in Michaelmas Term; Volumetric and Simple
Gravimetric Analysis, commencing with Hilary Term ; Organic
Preparations and Analysis, commencing with Trinity Term.
The second, or advanced, course of Practical Chemistry will

comprise instruction in the higher branches of Experimental and
Analytical Chemistry, and in Methods of Research.

Prof. Macalister, M.D., v.'ill commence a course of lectures on
Zoology in November, to be continued through each term until

the end of June.
Prof. E. P. Wright, M.D., will commence a course of lectures

on the Morphology of the Cells and Tismes of Plants, and one
on the Natural History of Algx and Fungi in November.

Cork.— Prof. J. Reay Greene has resigned the Professorship
of Zoology and Botany in the Queen's College, Cork, retiring

on a pension. There is, however, no vacancy, as Prof. Harkness
will lecture the students on these subjects.

Galway.—Prof. Cleland, M.D., F.R.S., has resigned the
Professorship of Anatomy in the Queen's College, Galway, having
been elected to the valuable Professorship of Anatomy in Glas-
gow College, vacant by the resignation of Prof. Allen Thomson.
The vacancy in the Queen's College, Galway, will be filled up by
H.E. the Lord-Lieutenant of Ireland on October 27.

Lancaster.—A very fine set of new buildings for the Lan-
caster Royal Grammar School was opened on September 24.

The buildings include a well-fitted laboratory, erected at the

expense of W. Bradshaw, Esq., placed at some distance from
the main building. It is a pleasant, well -lighted room, thirty

feet by twenty feet. The whole school is taught physics, and
every boy will pass through a course of chemistry at about the

fourth form stage. We hope the authorities will feel encouraged
soon to introduce other branches of science as a regular part of

the curriculum,

Amsterdam.—A university has been opened at Amsterdam.

SCIENTIFIC SERIALS
Kcalc Istituto Lombatdo Ji Sciinze c Ldlcre, Rendiconti,

vol. X. fasc. XV.—New contribution to the efficacy of the elastic

ligature in surgery, by M. Scarenzio.^Gleaningsin the Zoological
^Iuseum of Pavia, by M. Pavesi.—Note by M. Curioni on the

contents of his work, " Applied Geology of the Lombardy
Province."— On microphytes, which produce certain diseases in

plants, by M. Cattaneo.—Physico-chemical researches on the

different allotropic states of hydrogen, by M. Tommasi.

JiHirnal t!e Physique, September, 1S77.—From this number
we note the following papers : On the application of a new
apparatus for the determination of visual astigmatism, by M.
Javah—On the spectrum of the electric spark in a compressed
gas, by A. Cazin. The author made two series of experiments,

one in which he simply observed the spectrum directly by means
of the spectroscope, and the other in which he photographed the

spectra and thus obtained more accurate results.—Experi-

mental determination of the principal elements of an optical

system, by A. Cornu.—On the currents produced by a liquid

passing through a tube, by E. Edlund.—On the spectra of

chemical compounds, by P. Moser.—On the modes of crystalli-

sation of water and the causes of the various aspects of ice, by
Raoul Pictet.^On the inlluence of light on the electrical resistance

of metals, by R. Boernstein.

Zeitschrijt Jiir 'wissenscliaftliche Zoologie, vol. 29, part 2 (July).

— II. Reichenbach, on the early development of the fresh-water

crayfish, 75 pp. 3 plates.— H. I^udwig, on Rhopalodina (class

echinodermata).—O. Biitschli, on the process of division of

cartilage-cells ; on the development of Pahtdiiia vi'i^nra, in rela-

tion to Bobretzky's and Lankester's recent papers ; on the develop-

ment ol Nci ilina jUrriatilis, and on the segmentation process and
formation of the blastoderm in Net-h'Us vu!caris.
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Part 3 (September).—Prof. A. Wrzesniowski (Warsaw), Con-
tributions to the natural history of the infusoria, 57 pages, 3
plates, ccntaining descriptions of many new species, and discus-

sions on Oxytnclia, Efislylis JJavkans, Ofhrydhini versatile, &c.
—Marie von Chauvin, on the power of adaptation of the larva:

of Salainaiidra atrci.— Ernst Zeller, on the reproduction of
opalina (parasitic on batrachians), z plates.—W. Kurz, studies on
the lernaiopods, 3 plates.

SOCIETIES AND ACADEMIES
London

Entomological Society, October 3.—Prof. J. O. Westwood,
M.A., F.L.S., president, in the chair.—Mr. W. L. Distant
exhibited a specimen of the ravages of Dermesks rulpinus in a

cargo of dried hides from China. On the arrival of the cargo in

this cour'ry it was found to be swarming with the insect in all

stages.— ." . McLachlan also exhibited a piece of wood which
had formed part of a case containing hides from Shanghai and
which was riddled vvith borings of the larva; of the same insect.

The president remarked tbat his attention had been directed

some years ago to the depredations of this larva in a cargo of

coik.—Prof. Westwood exhibited a drawing of the pupa of a

species of Anabolia which swam about in water like a A'otonecta

and was remarkable for usirg its middle legs as swimming appa-
ratus. Prof. Westwood also made remarks upon the homolojry
of the mouth organs in the pupje of Trichoptera and suggested

that the mandibles of the pupa: (which are aborted in imago) are

for the purpose of eating their way out of the cases in which they

undergo their transformation.—The president next exhibited a

small lepidopterous insect from Lake Nyassa with a pupa case

of a species of TacJnua from which it was supposed to have
been bred.— Prof. Westwood next called the attention of the

Society to the remarkable lepidopterous lorva attached to the

homopterous larva which had been handed to him by Mr. Wood-
Mason at the last meeting and stated his belief that the relation of

the Lepidopteron to the Homopteron was probably one of true para-

sitism, the former (Epipyrops) feeding on the wax secreted by the

latter. Mr. Wood-Mason stated that he was inclined to consider

the Epipyrops larva as a messmate of the Homopteron having
attached itseif to the latter for the sake of bein.; carried about to

its food-plant and having covered itself with the waxy secretion

for the purp oie of rendering itself inconspicuous to its foes.

—

Prof. Westwood then exhibited a moth fiom Brazil which had
been bred from a caterpillar found among the hairs of

some animal.—The president finally read a note from Albert
Miiller announcing the formation of an entomological station at

Basle.— Mr. Meldola announced tliat the Longicotn beetle re-

ceived from Birkenhead and exhibited at the last meeting had
been identified by Mr. C. O. Waterhouse as Moiwhaininus titit-

latus. Fab., a species inhabiting the United Stales. Mr. Meldola
also exhibited a collection of l.epidoptera formed by him in 1S75
in Ceylon and the Nicobar Islands.—Mr. II. Goss exhibited a

series of Lycizna Arion taken in the Cotswolds which were
remarkable on accovmt of the small size of some of the speci-

mens, about one-third being below the average size.—Mr.
McLachlan read a paper on A'oliolhaunia Radi, a remarkable
new genus and species of Neuroptera Irom Chili pertaining to

the family I'aitorpida-.—A paper was communicated by Mr.
A. G. Butler on the Lepidoptera of the family LithosiidtC in the

collection of the British Museum.

Welli.ngton

Philosophical Society, July 21.—Mr. W. T. L. Travers,

F.L. S., president, in the chair.—The hon. M r. Mantell read a paper

by Mr. J. C. Crawford, F.G.S., on gold found in the locks of

tire Tararua and Kimulaka ranges in the province of Wellington.

Mr. Crawford had forwarded a specimen to Melbourne, and
Mr. J. Chapnan, the assayer to the bank of Victoria, had
reported that the specimen was composed of sulphate of iron,

and gold at the rate of I cz. per ton. The hon. Mr. Mantell

said he would like some explanation regarding the presence of

sulphate of iron. Dr. Hector stated that there must have been
some mistake, probably iron bi-sulphide was meant. He re-

minded the society that a great deal had been done in prospeclirg

the country refened to by Mr. Crawford, and that in 1869 he

(Dr. Hector) had communicated to the society the results

obtained. Eighteen analyses had been made of quartz specimens
.from reefs in the district ; of these only six liad proved auiifetous,

varying from mere traces up to 13 dwts. per ton of gold, the
richest being frcm Wainuiomata, the same locality from which
Mr. Crawford's specimen had come. In his former communica-
tion he had warned prospectors against the solid quartz reefs

which traverse the sandstones and slate, as the {.'old at Makara
and Terawiti appears to occur in jointed sandstone', chiefly as
dendritic films.—Capt. Edwin, R. N., communicated a notice by
Mr. J. F. Marten, of Russell, Bay of Islands, regarding the
occurrence of the tidal wave which took place on May 1 1 last.

Mr. Travers said he had observed this uccurrence in Wellington
harbour, and that he believed Dr. Hector had taken observa-
tions of the rise and fall. Some years ago a similar wave was
observed in New Zealand, after which we had news of an earth-

quake in America, and no doubt the wave on May 1 1 last was
due to a like cause.—Dr. Hector reported that tidal disturbance

on May 1 1 had been observed on every part of the New Zealand
coast, and also in Australia in the same manner, but not so in-

tensely as the waves of August, 1S6S. The origin of the waves
on that occasion was clearly trace 1 to a great volcanic disturb-

ance near the west coast of South America, and in this instance

a violent convulsion has also been reported from that quarter as

having occurred on May 10. We have not the full particulars

yet, but if this date is correct the wave felt on our coast must
have been due to a still earlier shock, perhaps in some other

place, as it was first noticed at 5 A.M. on the iiih, corresponding

to I P.M. of the loth on the South American coast. From this

date must be subtracted a'lout seventeen hours for the time of

transmission of the wave across the Pacific Ocean, which would
require that the shock should have taken place about 8 A.M. on
the 9th. This tends to confirm the belief that there is a period-

icity in earthquakes, and that they occur independently at

distant localities at nearly the same time. He observed that a

writer in the last received number of Nature notices this coin-

cidence in reporting a sharp earthquake at Comrie, in Scotland,

on May 11. At Napier, where the engineer of the harbour
works, Mr. Weber, mak s e.xact observations, the tides were
disturbed from the nth to the igth. The position of Napier
renders it peculiarly sensitive to oceanic oscillations. Thus on
May I the highest sea ever experienced in Napier washed over

the shingle spit and damaged the rails in front of the Court-house.

This phenomenon was only local, and attributed to a long con-

tinuance of south-east wind. He called attention to a recent

paper by Mr. Russell, the Government Astronomer at Sydney
(Jjitrii. Ast. Soc. N.S.W., 1S76, p. 37), which states that the

slightest earth shocks felt in New Zealand are nearly always

recorded on the tide gauges in Sydney and Newcastle, and are

most unaccountably coincident with abnormal readings of one of

the thermometers in the Observatory. If we had well-placed

tide-gauges on the New Zealand coasts it is probable the most
interesting results would be obtained. Every addition to the

obs:rved facts bearing on this subject would be valuable. The
investigation of earthquakes would be similar to that of

the influence of sun-spots recenily examined by Prof. Balfour

Stewart, in so far that the release of prodigious latent

energies might depend on very obscure and trivial ex-

citing causes. Mr. Carruthers said he did not consider

it necessary to suppose that seventeen hours must elapse

before a tidal wave due to the same cause as the South American
earthquake would reach New Zealand. He did not think the

earthquake caused wave, but that both were due to the same
cause. He thought earthquakes were locally intensified exhibi-

tions of a great deep-seated movement of the floor of the ocean,

and that if the floor were not in movement an earthquake, how-
ever violent, would be unable to propagate a wave for such

distances as from America to New Zealand. The intensified

action which so often shows itself in this part of South America

he thought was due largely to the great bend made in the line of

elevation of the Andes at this point, which had the effect of con-

verting a deep-seated movem:nt of the earth's crust into a violent

crushing of the surface. Dr. Hector explained that the petioi

of seventeen hours for the transmission of a wave across the

Pacific Ocean was derived from observation in 1S6S, when the

commotion of the sea extended not only to New Zealand and

Australia, but to Japan, Sandwich Islands, and the Cape of

Good Hope. He agreed that earthquakes were widespread

phenomena locally intensified, but it is the strong local convulsion

that originates the oceanic waves. Such waves could not keep

pace with a tremor propagated through the solid floor of the

ocean, which travels at six times greater speed and generates

what is teniicd i\\eforced va-e. The ocean wave once generated

would take its own time. Dr. Newman did not think we had
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yet sufficient data to decide on the subject. The depth of the

ocean should be considered. He could not agree with Mr.

Carruthers that earthquakes extended over so large an extent of

the ocean bed. The >iresident said that the works of Darwin,

Humboldt, and Mallett on this subject, would be found interest-

ing. He agreed with Dr. Hector that we must look outside our

globe fir the prime causes of such disturbances, such as sun-

spots, influence of the moon, &c.—Before the close of the meet-

ing. Dr. Hector drew attention to several exhibits on the table,

mo'e especially to an albino of the New Zealand crow (Glaucopis

wilsoni), and to a Tui (Frosthfrnadera lui, Zel.) with brown
plumage. A fine series of Crustacea from the Californian coast,

and a selection of the more interesting fossils obtained during the

past year by the Geological Department, were also exhibited and

explained.
Paris

Academy of Sciences, October 15.—M. Peligotin the chair.

—The following papers were read :—On some applications of

elliptic functions, by M. Herraite.—On the movements of the

apsides of the satellites of Saturn and on the determination of

the mass of the ring, by M. Tisserand.—On the nori-trans-

parence of incandescent iron and platinum, by M. Govi. He
denies the assertion that iron raised to a red or white heat

becomes transparent.—Employment of lime-water to fix fatty

acids of feed-water of boilers in engines provided with surface-

condensers, by M. Hetel. The fatty matters become fixed in

insoluble combinations, so that the water reaching the boiler is

neutral or even slightly alkaline, containing only a calcareous

soap and free glycerine, which is inoffensive and non-adherent to

the boiler.—On the ravages produced in the vines of Narbonnais

by the disease of anthracnose, by M. Porte.—On the employ-

ment of colza and rape, sown in v'meyards to preserve the vine

from frost, by MM. Serres and Rerat. These seeds are sown in

October [or November, and by May, when the frosts are most

to be feared, the plants have grown to more than a metre in

height, giving good protection. When the frost is fairly gone

the rape or colza is cut and the vines then grow with more vigour.

—Reply to a fonner note by M. Stephan on the discovery of the

planet 174, by M. Watson.—On cases of reduction of Abelian

functions to elliptic functions, by M. Hermite.—Formation of

allylene at the expense of bromocitrapyrotartaric anhydride, by

M. Bourgoin.—On dibromomethylcarbylamine, by M. Tcher-

niak.—Researches on the physical constitution of the blood

corpuscle, by M. Bechamp. He has succeeded in demon-
strating the separate Existence of an enveloping membrane by

nourishing the corpuscles in a solution of fecula. The membrane
is thus made both more resistant to the action of water, and more

visible, while retaining its osmotic properties. The effects

obtained in thus treating the blood of duck, &c., are minutely

described.—On the organic dibHs contained in the quartz and

silex of Roannais, by M. Renault.—Researches on vegetable

glycogenesis, by M. Jodin. /«/<;• alia, the constant presence of

certain sugars in all champignons, proves the independence of

the glycogenic function, and the chlorophyllian function.

Researches are desirable on the influences which cause the

saccharimetric quantity in leaves to vary, and the nature of

the relation between these variations and the exercise of the

chlorophyllian function, &c.—Researches on fatty bodies intro-

duced fraudulently into butter, by M. Husson.—Relation

between barometric variations and the sun's declination, by M.
Poey. Low pressures follow exactly the course of the sun,

while high pressures follow an opposite course. The observations

were made at the Observatory of Havana,

Geneva

Society of Physics and Natural History, July 5.—M.
Loret continued the account of his researches on the polarisation

of quartz, carried on in conjunction with M. Ed. Sarasin. A
first series of measurements of the solar light with a spectro-

scope having a fluorescent eye-piece, had been extended as far as

the Fraunhofer line R. In the new series, and in order to carry

further their observations on the ultra-violet part of the

spectrum, they operated upon the light proceeding from a strong

induction discharge issuing between two points of cadmium.

They determined the rotatory power of the quartz for eight of

the principal lines of the ultra-violet spectrum of that metal, for

which M. Ma^cart has given the wave-lengths, and for two lines

situated still farther beyond. Their experiments show that in

these limits, much more extended, the law of Boltzmann is con-

!inned in a very satisfactory manner. It appears, however,

necessary to add a third term to his formula.—Prof. Schift com-
municated the results of his experiments on the contractions

presented by the diaphragm after its nerves have been cut.

—

M. H. Fol described observations made by him on the origin of

the follicle which surrounds the egg of ascidians. It has been
wrongly supposed that the cellules of the follicles form part of

the stroma of the ovary. The cellules originate in the interior

of the young eggs, at the surface of the germinative vesicle, and
traverse the whole thickness of the vitellus to reach the surface

of the ovule and detach themselves from it. This example of so

singular a mode of formation of the follicular cellules is unique,

so lar as known, in the animal kingdom.
August 2.—Major Ed. Pictet presented the hydrographic chart

of the Lake of Geneva, in its south-west part, from its line

Coppet-Hermame to the exit of the Rhone. The form of the

bed of the lake is defined Viy equidistant curves of fi' e metres,

vertical distance. The work will be published as the first deve-

lopment of an old investigation by Sir H. de la Beche.—Prof
CoUadon has investigated new cases of lightning-strike, which
has confirmed his former conclusions on the effects of lithtning

upon trees. One of the determining causes of a stroke of 1 ightning

on a tree is the neighbourhood of a spring or of a subterranean

sheet of water. That cause acts more powerfully than the relative

height of different tides. He shows that most of the metallic

wires used as lightning conductors are too slender ; he calculates

that they ought to have a ssction of at least 500 square milli-

metres.
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